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Executive Summary

Intellipent Speed Adaptation (I5A) describes the suite of technologies employved to
influence the speed of a vehicle by either notfying the dnver via visual or auditory
stimulus, ot by aciively regulating the fuel intake into the engine. ISA systems are informed
of the prevailing speed limit either via removable media, such as compact dises or flash
meimory, of via radio signals transnetted via pole mounted transponders along the road.

T}-‘Pica]l}f, ] Lt nm-'igm:iml satellites are wsed o locate the system within the road network.

I8A systems result etther 1o a translation of the speed distnbution curve downwards, or a
transtormetion of the speed distribution curve by eruncation at the speed bmit. ISA has
becn found to have diffenng lesels of eficctiveness, depending on the level of intrestveness
of the system installed 10 the vehicle and on the rare of penetration of ISA into the vehicle
flect. The most effecive systetis, Exc|ud.ing those that hmat voehiele SPE‘Edﬁ 3] 5}‘}&:::1 limits
by defaul, can achicve speed reductions of op o i3kmdh As 1SA 15 primazily a speed
reducing measure, the benefirs it can deliver cane be ealeulated by estimating what the
effects of speed are, by how much 15A would be able (o mitigate these ctfects, and what

the monetary value of that funchom might be.

A survey of the literature reveals that there 15 a strong correlation between speed and the
frequency and severity of road accidents, Speed limits are set to mummise the nisk of an
accdent occuremg, and consequently the higher the levels of adherence to these hintts, the
lerwer the inadence of toad accidents. It has been cstimated that excessive speed 1s directly

tesponisible for up to X% of all road accdents (Broughton, 2005; TREB, 1998

The cost of road accidents is made vp of » oumber of factors. Amongst these are dumape
1oy property, medical costs, administrative costs of insurances and the loss of vutput of the
injured and the deccased involved in the crash, 1t has heen estimated that road acddents
cost Sowh Africa in excess of R114 billion annvally'. Further estimates place this cost at as

much as R25 billion annually”

+ Divoved elsewhere mthe peporl frone values gmven od belp /S wnses i vealive oo

£ Dnepved lsowhens mthe ceporl fepown vidues mven 0 Barwerl, Cloughe and Meiha (199%
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Road accidents on busy roads cause congestion. This 1s an indirect cost of road accidents.
"1'his congestion results in an increased amount of fuel consumed, an increase in emissions
and a cost associated with the ime delay. It was calculated that incident induced congestion
delay, where speed was the major cause of the accident causes as muach as 333000 vehicle
yeats 1n delay annually, An estunate of the cost of this delay was caleulated ar R75 891 (40
anmually. The addivonal {uel consumed because of this delay was cshmated ar 607 589

litres .urmq.mﬂy. This translares Ineo a cost of K3 584 774,

The additional fuel consumed and the maintenance costs combine to form the extra
operatmg costs iearred because of mcident-induced congestion. Maintenance costs were
calcalated as bemng bersveen S0 and 70% of the fuel costs, depending on the type of vehide.
I mamtenance costs are added to fuel costs, the opemaling costs because of ncident

meuced mmgu:-:linu ereases 1o BS 902 HHO,

In addidon to these costs, an estimate vwas made as o the increased ermissions resulting
from this congeston, and what these extia emissions might represent in Rand terms. Ir was

tournd that these costs were approsimately B2 529 724 per year.

It was found that 154 could potrentially save up o 160 967 000 hoes of fuel per vear. This
is based on a saving of 0.1 [/100km per velicle, This translates to a monciary saving of
R1 094 575 600 A second study (L and Tate; 2000} was found to have recorded savings
of up o H%, iry_. f: ital fuel consumed. This rranslates to B7 180 415 936 saved per vear I
muinieisnee costs arc added to this, the savings increases w berween K11 861 329 (184 and

E14 225 122 (M0 por antium.

Emissions savings resulting from lowered average speeds and the eradication of speeding
was cetimmated as bueing between B 5 083 426 750 and R 6 096 450 86 1. 12ata sourced from
a second smudy (Delucchi ef al, 1998} and adapted to the South African context showed
that these cosrs range from as bitde as R4B million aonually fo as much as R104 billion

13| I'I'l.lﬂ"}-‘.

In addition to the costs mentioned above, an wwvesogation was done mnto the mftasmactaral
and admministative costs assocated with the enforcement of the speed bmits in Sowth
Africa, ‘Lhese costs mcludes the cost of resources in the form of moneys, time, and
manpowet devoted to enforcing the speed restncnons, ithe administraive costs in dealing

with fines and the jurisdictional and legal costs associated with prosecuting offenders,

iv -
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Infrastructural costs also include the tmstallagon of devices such as speed camera’s and

traffic ealming schemes, and the mamtenance of these.

Tt was estimated thar the admmistrative cosis associated with enforcing the speed himity iy
on the order of R1.325 billion annually. 1t was not possible o determine the extent traffic
calming ot speed camera maintenance and insralladon cosrs annually, but it was ¢stimated
that & single camera site can cost up to R18D OO0 per year to operate. The total cost savings
that can be realised from implementing 1S4 as was calculated i this report was found o

range from R18.74 bilkon aanually to R51.2 bilhon snnually.

A summary of the p:t-tent.ial savigs cileulated in the report that can be made should 154

be implemented in South Africa is given in the table below:

Category Cost Item Value Range
R11 400 000 000
Road Accidents Cost of road accidents caused by excessive spead R5 622 144 00D
R25 367 600 000
Costs of time delay as a result of avcidents caused
Time Delay R75 591 000
by excessive speed
The additional vehicle operating costs because of
incident-induced delay caused by incidents resuling RS 802 000
Operating r:osts' from excessive speed
The additional vehide operating costs as a resuft of R11 861 329 000
speeding R14 225 122 000
The cost of damages to the environment because of
incident-induced delay caused by incidents resulting P2 529 000
from excessive spead
Environmental
R5 083 426 000
Costs The cost of damages to the envirprment because of
N ) R6 096 480 000
the additional pollutants resulting from excessive
E48 000 000
speed
R10 400 000 000
The cost of the enfarcement of speed Hmits R1 125 000 000
Infrastrictural
The cost of infrastructure installed to enforce the
speed fimit unknown

Total Potential

Savings

Maximum

Minimum

R51 202 046 0OC
R18 740 797 000
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1.1. Background

1.1.1. ITS In South Africa

Intelligent Speed Adaptadon (154) is an Intelligent Transport Systems (1T5) technology
developed to influence or control vehicle speeds. Intelligent Transport Systems are rapidly
beginning to form an inlegral part in moedern road and rraffic authotities suite of lools, as
they often offer more efficient and/or more cost-effective solations 1o evervday traffic

problems.
ITS systems can be catepotised into three gre !1]}'}.‘1-1:

e Intelhgent Traffic Management Systems measure and analyse waffic flow informanon
and rake |TS measures to reduce problems. They comsist of computetised traffic signal
controls, highway and teaffic flow management systems, clectronic lhicensing, inecident
management svstems, electronic oll and pricing, trafiic enforcement systems and

mtethpent speed adaptation.

s Intelligent Passenger Information Svstetns improve the knowledge base of Customer
and consist: of passenger information systems, invehicle route poudance systems,
parking availability gidance systems, digital map duabase and vanable messaging

BVRTLIIS,

o Intelligent Pullic Transporr Systems include TTS measures that sim to improve public
transport performance They are consisting of intellipent vehicles, Inteligent Speed
Adaptagon, rransit fleel management systens, transit passenger mformation systems,
clectronic paviment systems, electronic licensing, transporation demand management

systetns and public transport prionity.

ITS systems have in recent years parnered much attention from fransportation researchers
1 South Africa, and a number of pilot studies and rescarch papers have been published

that attempt to quantify the effects and }-mssible benefits of different TTS measures for

T CTHEF S COMTL
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south Afnca. Vanderschuren (2006) completed a thorough review of the avatlable
hterature on IS 1n South Afriea. Her findmgs are given halow.

I elhwkpren the effects of TES aw favhwaye was Smectipared -Mobility). Aw fugrated e,
TGN icedent manauemenl Proviaing incdent informtion dnd rowph wetering, war faivedced
(MEdisd and Thessar, 20005, The estimaiy thow o decvease in ipeed (4% 45%) ay aell ar a

deereate i travef e (27%-32%}).

Foux and Beiter (2002) investigated e HOV tune i 852 Cape Toww repion, The ivsplementative
wf an HOH fane does 1t Lok ar promising, Afborih o substantinl decrvare in fravel fiwge (76%)
awd an froredible incvage 1 averge sheeds (=379 were meaigred, the thmubpet (40%) of the
hiphaway decreated tubsfantially. Many sebichy apparenthy wwere nof able to enter the Babuway, T

wicel) Fir e menivoned Hat iy site 7y fuether savestpated i this Hhesil,

L fomph-Schrender (2e Jongh-Schrender and Venter, 2005) suvespiouted an Interchange Contraf
sptemy (Eind of vaw snteringt at the guvetion where the two natinnad rocds mest. The aise s 1y
ot e rafic flowr on the pynction. Creneralll, o decrectie dn Fratel tinee (100-10%5) and an wncvease
10 thruipa (%3 7%) were estimated. After sianud changes fo the rifings, the deivease in trwed
fizmre wiay betmein 1 7% and 46%0, while the sicrease Tn throyahpnt rose fu bepuven three pervent aud

e

A Prbibe Lransport Priosity systern soay invespipated for the Swoeto-Parkiown corridor (Beer, de of
all, 200058 A1 weds range st s0swily s forend AAn sepprade of iipnalved inferivations veneraily did
ok make the wervce fewed pood ewonzh o cope wuth fiture domand. Traed fimves for prevate cars
mcsderied by veptit pervent, wbile the 1S for pablic trantpor? increared by sp fo 20%. Prioriny jor
wbiee traniport Mowed o by Diipiied A decrease tn irad Hew jor private sars (20%), as wedl ar
Pabire framsport (29%:), wy eiftmaied, 1) pablic franspurt jeices e extended fo dv Somwiv-
Parkionm arca, the LOY for private cars, a5 avidl as peblic tnaniport. mowid e dmtlay ax in the
aarrent Hination. Obwonsly, e wwmber of wehicles wowld bave noreased. Av mntioned befirs, 0
Susth Alriva the snaorify of people are depenaent on public frawsport. An additional begefit of
iampuoning pabfic frauthor? ErvEes i purerty alferiation, s the (urbant peor will bave extendvd

AHLTES e COOROTE aiertaniti,
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The first puellisbed citineate of the bencfity of Ranp Metering in South Afvica (Cloete, 2002) alvo
indigate an Incveave dn Sheed (H13%) and a devewe i fraed e f28%) Tn Py sindy, Hhe
trapsferabiehly af developed nnrld mndels war nat investisated. Ay deiver bebaviaur in Hhe detelopang
aorld i1 uot mecessardy te Gawe an in depelghed congrien, e estimated effects might, Hhergire. ot

die coMpiERy drale.

A waatroned befory, 0 the demitrng world the dntranction of Tall Reads 75 seen as o wegni i
ety additienal nvenwe, South i bar already Iuplevsented toll plazas. The interedd in
slecfmgic foll calieation iy, fherfore, obwtens. Ty anthorr bave reporied on foll stwdies concliscted
Chlierbolzer (Qberboleer of al, 2001) frude thet the intvodiaition af iolf collection on bighways will
clieinge dviver befartosr, Some drzrpry wrll wre an alfernative toade, which el drorease Hhe fensitien
ol dphyi fdvoreases wp de 10 ). Lue fu thér .r.ﬁmz;gf fn Ledwtiony, travel e a5ll decrvase by
betwven 23% and 310 (Uberbolzer et of, 2000 ). V'enter (Vemter ot al, 2001 ), the ntber anthor,
b frawcdy 7 desvernd decreae i e foll road fup 2 85%),

Bused on the sewen stucdive prblithed with repurds fu Sowth Apeican (T3 nutens, the foliowing
cosciusions can by drgum, 1 peneral reduwition in travel B was fornd. 1 be only exception wal te
Feebiic transport priovily spidemes. Obwiansdy, o thovongh analyis veeds fo be wndentakien fo make
T that public transhort preasfy spstearnt mork ghimalln. Durtbermore. inferchange control and
Famify sHelErip Prodicls an Tncrease v Hhrvahite. ROV Lywes show a decreare in throwghput dae to
the redwiton in capacily vifered 1o the iqwe of toll vwads, u decrease in throwebipudd is weainred due fo

& rednction in the demmand. Soe Trapeliey decde t take the won-tolled, burf ionper mad.

Road manapey thowld e concorned atomi the findings with regardy fo foll yogels amd 110GV Junes,
The divervion of fraffic due tu tll roads affent hahpens romgh swvadf towny it cannat aipe witlh fie
additional trafe. Moreover, diversion of beary Baflic canves additional damage tv mwads (hat were

#ol desipred to decomimodare theie vebicier.

HOV lauer aine to gewmerate a sbifl in the desand from Stugle Ovogpaney Velides 5 13OV and
Juclilie fransport, 1) this cheft diev wit veowr, the reduition of capaaty i conpested wrear aupser
snvinted effects. Vebicles nill be trapped” in the swhucti, net bemy qble o enfer e bighigy,

CRRITNT it sminabls erpirvRmIeRl for restdenis,

Sonrce: Vanderschunen (20046)
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1.1.2. Intelligent Speed Adaptation

IS4 encompasses the use of in-vehicle mechanical and/or electronic devices o physically
control or it 2 vehicle’s speed, or to notfy the drver when he has crossed a cetlain
speed threshold, 18A can have varying levels of infloence on a wehicles speed, and

numlicr of spstems have been developed to mplement each of these different levels.

At the lowest level of influcnce, an in-vehide system warns or notifies the drver either via
auditory or visual simules in the form of a Aashing light enviting diodo or a liquid erystal
display pan¢] that he has crossed a cortain speed threshold. Addinonslly, tactile pedal
technaology, otherwise known as active accelerator fechnelowy, copsisting of a small motor
that causcs the aceclerator pedal to vibrate hghtly when activated, may be employed to
wirn the dover when the posted speed Hmit has been crossed. This system can be coupled
with controls on the dashboard or the steenng wheel so that the dover can acknowledge
the watniyer and deacovate the system, These types of systems are often termed advisory or

informative 15A sysems.

Figure 1: Advisory 15A system”

g/ Pwewea s se S movo Blehly ppd S ssanes uliteng, palH seare o 2522 Alepppe a0 2w dish 5 202 D ek nta b
w23
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At an intermediate level of influence, when the driver crosses the speed limit, a hydraulic
device ateached to the accelerator pedal can he emploved to apply a light counterforee to
the driver’s foot once the specd limit has been reached. The drivet then has to apply more
force to the accelerator pedal to push through this pressure barrier and deactivate the
system. This technology can be coupled with the tactile pedal technology and a

combination of auditory or visual warnings.

Systemlayout und Komponenten

System Layout and Cemponents

1 Abstandssensoren
Distance sensors

2 Force Feedback

1". *1 Pedal (’

fn cucpalation with

(T etectronics

AR ELEX TRAN (il

Fipure 2; Force feedback pedal as used in Continental Automotive Systems' ACDIS system”

At the highest level of mfluence, the vehicles fuel supply is regulated so that the vehicle is
physically not able to accelerate any faster than the speed linit. This technology, known as
dead pedal technology can be coupled with the Adaptive Cruise Contro] (ACC) systems
currently available on higher end huxury motorcars, These systems use low-level radar and
miclhgent software to determine the proximiry of other vehicles or objects and to regulate
the specd of the vehicle accordingly.
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This 15 how the Lint Advisor works
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Figare 3: Functionalify of the Limit Advisor systemn developed by Imita.se Active Car Safcty
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Figure 4: Funetionality of an Adaptive Cruisc Control System’

The weehnology used o inform ehe ISA system of the prevaihng speed liont has improved

rematkably over the years. Currently, there are three distinet earegonies of the technology.
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The simplest method is where the vehicle 15 simply progranumed to adhere to 3 masitmum
specd limit no matter where it 1s in the road network (sometimes referred 1o as stafc specd
control), The next more advanced method relies on Global Positioning Systems (G P.S} to
locate the vehicle within a pre-programmed grid of links, each with its own relevant speed
limit (somenmes refetred to as vamable specd control). These systems often rely on
mapping data provided by a scrvice provider on compact disk, similar to carrent day GPS
navigation systems. The most advanced systems available rely on external radio
transponders located on or within toad signage or street furniture, cach of which is
controlled from a central station that monitors traffic condifons, weather condidons and
other factors to determine the approptiate speed limits on that link. These radio
transpondets then signal the passing vehicle equipped with 1SA as to what the masimum
speed lindt may be on that particular sttetch of road at that particular fime. ‘These systems

are often referred to as dynamic speed contral.

As can be seen, there are many possible configurations for an 1SA system, cach with its
own set of advantages and disadvantages. The most advanced systems using networks of
pole mounted transponders signalling in-vehicle recetvers coupled to ACC type ISA
systemas can adjust specds on a road network based upon congestion levels, inclement
weather and the presence of accidents or 1oad works. These systems can be used to do a
lot mote than sitoply lower speed. They can be used to infotm the driver of conditions
ahead, they van suggest altemative routes and, by combining information dismbution with
specd al‘tenuaﬁ;:ﬂ, they can optiise flows along a hnk and nfluence the vsape patterns of

a road ootearls.

However, the more complex or advanced a system is, the more expensive it tends to be.
The mote advanced systems are also often perceived as highly invasive, and are subject to
great resistance from motorists. A lot of research has been done into user attitudes towards
ISA systems, and the results genenlly indicate that although acteptance does incresse with
cxposure, there are sull high levels of antagonism rowands concepts such as 1ISA. On the
other hand, research indicates that ISA effectivencss increases with market penetration.
This shows thar for an ISA system to be effective, a lot of work needs to be done to
educate and familianse the broader public about its functoning, aims and bencfits, so that

an adeguate level of matket penetration can be achicved.
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In its 2003 report on Transport Safety Performance in the ELL the European Transport
Safety Council states “Involvement in road accidents is one of the three leading causes of
death and hospital admission for EU. inhabitants (together with cancer and coronary heart
diseases), and it 15 the leading cause of death for H.1. atizens under 50 years old. Road
accdents cause a layger loss of expected life years than any kind of disease i the K1, due
to the low mean age (about 32) of road accident victims.™ In addition, the O.E.C.D. teport
on the impact of new technologies on toad safety (2003) states that “Most O.E.C.D,
countries suffer from similar safety problems. ln particular, run-off-the road, intersection
and head-on crashes are the main crash frpes of concern in O E.C.D. countries, which also
share a commen set of factors that contribute heavily to all crash types. Specifically,
alcohol, speed, fatigue and seatbelt usace patterns all play a role in crash scenartos, As a
result, there is a generally common expectation among the countres that four types of
technology (collision avoidance, dever status and performance, speed control, and
automated enforcement) offer the greatest potental for lessening the nurmber o severity of
road erashes.”™ In South Africa, the Arrive Alive campaign states, “Speed on its own plays

a contributore role in 75 %o of all the crashes on our roads™ .

There, therefore, secms 10 be consensus across the globe that any measute that succeeds in
reducing the inagdence of speeding will have a direct impact on the frequency of road

acgidents.

[SA was developed in Europe and is cutrently undetgoing trials to clanfy the following

1ssues:

* How efficient are the use of toad speed management methods based on informanon
technology (TSA) in comparison with traditional physical means?
s How will road users across Hurope react to such developments?

®  What are suitable strategies for implementaton and what obstacles have o he

overcome '

FELEC (Europsean L ranspaort Safety Coumedl) 2003, 'Trangport Safety Pedormans i the FoIT. A Smtistical Overdicw,

U Rt Safery: Ympact of New Tevhnolosres — 1ERN-92-64-10322-8 SO0 2003

W byt /e bransp ot tgoy, s S projects S arive S dosce biom]

H Motk Fffeets of huelligent Speed Adaptarion; MIWA Vanderschuren, TR CHungu-Umara, NT. Wilaon-Harrs; 2005
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There are 2 number of empirical studics being conducted across Burope to find answers to
the above guestions, These trals are also seeking to determine whether one
inmplementation strategy can be applied nniversally, or whether differing approsches are
needed from region to region.

In tandem o the European tnals, a South African initiative has been launched in
partnership with the University of Cape Town, in part to determine whether European
bndings correlate mn any way to South African conditions, but also to determine how the

particular arreumstances here affects the possibility of implementing 15A in South Africa.

The Project for Research On Speed adaptation Policies on European Roads (PROSPER)
and the earticr Managing Speeds of Traffic on Buropean Roads (MASTER) Project forms
the basis of investigation into the spphcability of 15A in Europe. South Africa played a
minor role in the PROSPER project. Research here was focussed on estimating the
possible safety and environmental benefits of ISA 1n the local sination. Rescarch wag,
however, constrained by a lack of existing data and funding: Tt was not possible to conduet
field trials with vehicles equipped with ISA systems, as was done in the Europesn sections
of the project Instead, the research approach was to use what existing data there was,
supplement it with infurmation obtained from mterviews, and then to infer conclusions

from this.

L. Pr:::-blm Cescription

Excessive speed is widely tecognised a5 a major congemn on all classes of roads in both
rural and uthan envitonmenss. Higher speeds require a greater distance for the driver to
perceive a danger, decide o 2 course of action and then react accordingly,

In wiban areas, the increased complexity of the envitonment places a greater strain on
motorsts, often requiring heightened driver awareness and performance. The presence of
vulnerable road users also mereases the likelihood of fatalities shovld accidents involving

these road users ocouor.

On rural roads, higher speeds requires greater driver concentration, and accidents often
occur when drivers make incorrect judgements with sight distances or sharp curves, often
coupled with uncxpected events or roadway hazards. Driver perceptions around what 15 an
acceptable speed on a patticular stretch of road are influenced by sight distances, road
alighment, traffic volumes and the width of the paved way. However, this may oot be an

i o 2
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apprf_lpﬁarc :-'.Pt:{:d foor that siretch of toad This taises the LlLH.‘S'['if_‘lT’I of enforcement, which

in South Africa is ofren inadu_]uan: in both wrban and rarad aveas.

In South Africa, we have the addimonal hazard of having relatively larpe vohunes of
pedestrians walking adongside or crossing our arierals and freeways. Livestock in the road
reserve 15 also problematic i certain aveas, and pootly muintamed roads present dangerous

hazards in the form of potholes and other pavement tailares,

Varipas physical or infrastructural rools have been developed to enforce approprate
specds or the speed lots in both raral and urban madway scenanos, Locally, teaffie-
caltning elements such as speed humps, specd rables and waffic circles have become
relatively widely vsed mn urbap emvironments as specd reducing teasures. Speed cameras

and traffic pulicf sarveillance are vsed on both urbun xd raral roads.

‘The effectiveness of these measures vanes depending upon how they are implemented, but
their effecis have been shown ro be localised unless an area wide approach 15 adopted
(Comte S 1, Varhelrl A, and Santos | (1997 This, however, could often be prohibatively

expenaive, especially heze in South Africa.

ISA offers an alternative o these methods n that 1t deals with excessive speed al the
spurce. 15 also pot Jocalised in its application an that it allows speed enforcement
wrrespectve of where in the network the vehicle s, These propertes make ISA a pronuesing

new technology that could significantly lower the cost of excessive speed,

Craantbing the benefits that I5A may have for South Afrce would allow decssion makers
i evaluate its poreotal and would provide the groundwork and motivagon for any furthes

rescarch inro this ares.

1.3.  Aim
The aim of this repotl was o Aod, list and gquantify all of the benefits that Ineclligent Speed
Adapuation (15:Y) might hold for South Aftica. An artempr was made 1o provide an il

estimate of the cost savings that 1SA could offer the country if 1 s implemented m full

= A G
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1.4. Scope and Limitations

The s of rescarch for thus repnrt 15 focussed on the Po[::nl'jal benefits  from
imp]ementing 184 o South Africa. The impl::munmri{_m mul'i'l{_ld:_ﬂn;_._ﬁ' ot irli.rn-du::irlg 54
to South Afnca has not been invesugated, unless where this may impact the potendal

benefits or where 16 could pmuminll}- Cause Ptobiurns..

I5A has only 1 recent years bepun o be mvestigated 1o any sentous extent abroad. and
almost no empirical research has been undertaken locally, Much of this repart, therefore,
draws upon the findings of miernatonal strdies and progects. It was not possible o
undertabe any sort of empirical rescarch 1o the effectivencss of 154 in this sredy due o

cost and fime consiraimnes,

All quanuues or savings calculated and vsed 1 thus reporr are to be understood as being
preliminary vstimates, because they are often derbved from miternauonal results. They are
therefore o cerfain mstances prEHE'11tfd a5 A rangy of Pt‘}?.h‘iblu values, A much more

thorough inwvesiigation is required to establish more accutate values {or the benefits of ISA.

Tt must also be noted  that some of the larger projects from which this report draws s
findings, have not been completed vet, and any hodings from these projects are, therefore,

salt under review.

1.5. Research Method

‘The tesearch method adopied for this report consists mainly of a review of the eostng
lterahare and docwmentation on IS4 and its implementanon nternaoonally. A thorough
review of work done on ISA for South Adrca was done i order fo avold the duplicaton
of ndings. ‘The local comesr was wlormed by a colliwon of rescarch done inms the
trafisport situaton 10 South Afrca. The porental benehts of the implementadon of IS4 in
South Afnca were wdenubed, quannficd and an atternpr was made o monetse these
benefits. ‘Lhe findings of the analysis mformed any conclusions that formed the basis of

the recommendanons thar were made.

1.6. Content of the Report

The hteratare review conducted for dus report sought to fd the prevatling views and

opinions, s well as any supporting data regarding the following questions:
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®  What ate the potential benefits of implementing ISAY

¢ What are the various forms of [SA and what are the relative benefits and
disadvantages of each system

+  What obstacles need to be overcome in order to implement an ISA system

successfullyr?

*  What are the quantitative benefits associated with 15A?

The questions posed above have been designed to inform a preliminary costing of the
benefits of ISA that will form the body of the following chapter. The review thus forms
the basis of the research and the analysis will examine what data or information was

uncoveted duting the Eterature review.

The literature review was conducted using predominantly internet sourced journal papers
and information from websites, primarily because there are practically no other forms of
literature teadilv available, or that could be sourced within the time penod set aside for the

completion of this repott.

PR,
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2. INTELLI(_EENT SPEED ADAPTATION

21. The Effectiveness of ISA Systems
A survey of the potential speed reductions offered by ISA as reparted i the available
literature: was done to deternune what the guanutative prospects of mplementing T5A

wiomild be.

In a paper produced produced for the External Vehicle Speed Control project (EVSC)
mitizted by the UK Deparrment of Vransport, Carsten and Fowkes (1998} identified two
possible effects of the large-scale mplementaton of an [SA systemn, These were defined as

translation and transforma o,

Translation 15 where the shape of the speed disttibunon cueve remaing essentdally constant,

but is transkited downwards with respect to speed. The figure below llustrates:

Translation

Figore 5: Translation of speed distribufion

Transformarion was defined as the siaton, expected to come abour with the
mnplementaicn of mandatory ISA systeims, where the speed distnbution is troncated at

the posted speed hmit, as 15 dlustrated in Figure 6:

2
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Figure &: Transformation of speed distribution

A paper by Rook, Hogema and van der Horst (2005) detailed the findings of 1wo
cxperiments designed o measure the cffective drop in miean speeds over 4 given enurse in
both urban and rural drving environments, The 1SA measures included in the vehicles

were as follows:
Hxperiment [a) was defined as:

¢ low-force 15A: The aciive gas pedal produced a clearly disunguishable, and easy o
averrule enunter foree, when exceeding the speed limmit, which was mainly
uformative in tature.

s  high-farce I8A! ISA cquipped with ag acove gas pedal with 4 more seongly
dimensioned counter force and therefore much more compulsony in nanare.

e  Control: No ISA {as a reference for comparison of driving behaviour and workload)

Expurimcnt {h) was defined as:

* ractile gas pedal 'LThe racule gas pedal produced a clearly distinguishable vibranon
modulated by o block-signal, when exceeding the speed bimit for approximately 1

percent, which was mainly intormative in nature.

e
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¢ dead throde: ISA equwpped with dead throttle, which restrained the drwver from
exceeding the speed limit. Additonally, a simelar vibration as vsed 1n the tactle gas
pedal 15 produced ar the pedal position on the speed lmit plus approximarely 10
percent of the pedal stroke.

s {Control: No [SA.

Within both experiments, the three conditions were all varied within subyjects. The order of

prresentation of these condinons were halanced over subjecrs (Figure 7).

110 T T T 110 r " -
{a) tb)
100 . tO0}
=} =3
E a0} E an}
B} ﬁ' BO ¢
: :
i 1 o
i Iy i En i i Fi
eoniro! rgh-forge 1S4, contro dead throtle
[owp-TOrce |S5A factile pedal

Figure 7: Mean free-driving speed as a function of read environment and 1SA condition.

The sesults show that in urhan epvironments, a drop m travelling speed was measured.

'1he results are examined futther in the Table 1.

Mean speeds (km/h) Absolute Percentage
Reduction Reduction {94}
Control ISA 1 ISA 2 1A 1 I ISA 2 IsA 1l 1SA 2
Exp. (&) 102 93.3 829.1 BT 12.9 8.5 12.6
Exp. {b} 823 84,3 BO 5 4.3 5.6 10.4

Table 1: Redoction of the mean free-driving speed: absolute (km/h) sand percentage reduction
(I53A1: low-force 1SA - tactile pedal; 15A2: high-ferce 15A - dead thretile).
It 15 important to note that the posted specd bmit for both experiments was 80kmi/h. ‘Lhe
mplication 15 that ISA (excluding the dead throttle altemative described above, which by

default enforces the posted speed limit) does not necessarily ensure that motonsts would

15
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comply with speed limits at all imes. 1SA does, however, have the potential to lower mean
driving speeds by between five and 13%.

Anothet study, undertaken by Hopema and van der Horst (20000, also concluded that a
mandatory [SA system velded the most positive results, Lhe study was undertaken nsing
the TNO Human Factors Research Inspte Driving Simulator, a detatled description is
given by Hoekstta, van der Horst and Kaptein (1997), The simulations were mn to
evaluate the effects of combining Adaptive Cruise Control (ACC) with an ISA system. The
ISA system was mun on two levels, being informative (the driver is notified of the prevailing
speed limits bar can act as he sees fit} and intervening (the driver is notified of the
prevailing speed limits and the ACC system reduces the speed to the appropriate level).

The interveping system 15 for all intents and pumposes very similar to a mandatory as
described elsewhere in this report, but the in these simulstions the driver was allowed to
disable the ACC system.

The study considered three scenarios, these being:

e g 100 km/h speed limit for no reason,
* an 80 km/h speed limit due to a relatively sharp curve,
® a3 50 km/h speed limit due to 2 sudden traffic quene

A simulation was also run’ for a standard free flowing motorway-style operating
envitonment with a speed timit of 120km/h. The simulation yielded the results provided in

Figure 8:

A
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Figure §: Mcan free-driving speed as & function of presence of ACC and scenarin

The resules show that, iIn gencral, infervening IS4 systoms vield betier resubls than
miormative systems. 1There was very hrtle to oo change o vehicle speed when the
mformative system was used, whereas rhere was a marked decrease in mean specd when
the inlervening svstem was used, Although the scurce from which this daty was obtained
provided no mefe detailed datu as to rhe cxact speed differeoces, i can be mfersed fiom

the chart that mé.t]ecrt:ﬂse was botween 5 and 10km /.

T'his result is very stmilar to what was obtamed fom the study done by Rook, Hogema and
van der Horst (2005), It could, thercfore, be assumed that ISA systets can ]‘m‘widx: a tange

of postdve results in improving adherence tw speed restrictions.

At the least intrusive level, such as that investigated by Hogema and van der Horst (2000)
in the form of their purely informative TSA/ACC system, the speed reductons are
negligible. A higher level or more intrusive form of ISA, such as the combination of the
loww: foorce tactile accelerator pedal 15A warning system, as discussed by Rook, Hogema and
van der Horst {2005), the results are uinproved. The average speed reduction measured
here was between 5 and 9km/h At the highest level, represented by the intervening
15A /ACC systems of Hogema and van der Horst (20003, and the high force-dead throtde
combinaztion of Rook. Hogema and van der Horst (2005), the resubs were found to be

betweent 1) and 13km/h in both stdics,

Hir4
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2.2. The Acceptance of ISA Systems

One of the pnmary concerns around the viahilig of 154 systemns i3 that of user or public
percepuions and aceepunce of the systerns. Negative connotations to ISA such as the “big

brother” analogy are commonly mised in the media™,

A number of studies have been conducted o user acceprance in Hurope. Rook,
[Hoegema and Van der Horst (2005) tan a series of tests with volunteer duvers in a driving
simulator. Volunteers were requested to fill m questionnaires about their driving styles and
athtudes towards speeding, as well as their experience of the IS4 systeivs tested before and

after the rest runs,

The study concluded that low-force ISA is more aceeprable than high-force ISA, and it was
suggested that the fachle gas pedal is more acceptable than the dead throtde. These
findings are in line with the hypothesis that the more intnasive the level of 1584, the greater

the resistanee w its inplementation will b

The PROSPIR project also looked at user accepraee, and the working report” (Lhe
project s s5till uaderway} found that the acceplanee of ISA was fairly high among maost test
drivers. The test users in all woals also siated that they drove move comfortably wich 1SA

and that they paid more attenrion in the traffic because of the presence of the system.

The study fougd that when asked how they vore in a teferendom on the introducton of
mundatory 184 for all road users, the general public was in favour of the concept. 66.1%

would vore in favour, 22%, said they would vote against 154 and 11.9%0 had no opinien.

Fatieler {2(005%) conducted a study into the acceptaice of mandatory 154 systems. He
defined a mandatory 154 svstem as one that does not allow the wehidle b breach the specd
limit ar any #me or anywhere on the road netwark, His study was conducted using
guestionnaires given tu volunteer users bofore, duting and after they were given 1S3
equipped vehicles 1o use for 4 period of apprsamately twvo months. To this manner, he was

able to track changes in user pereeptions throughout thetr exposure 1o the 154 system.

12 "|he back-reatr Tip Brother: Lara Bradley; Ioeh Independene 26 Juk 2004 COFYRIGITT 2004 Fooudal o
Infoiemation Tond.

B Cilszon, Transch: Leliverable 25, Tryect for Reseprch Do speed adaptation Polivees en Faropean Roads; Boovember
2
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He found that mote than 60% of the some 120 test drivers had a positve atatude to the
I8A system once they had had an initial practice rman with the vehicles equipped with it. ‘the

acceptance was still at that level a few months after the tests were conducted.

This result 15 surprisng o that it goes against the belief that acceptance of ISA decreases as
the leve] of intrusion of the [SA system mnto dever control increases. It could, however, be
argued that since the drivers were not exposed to other types of ISA svstems, they had
nathing to compare the test system to. The smdy also found that acceprance of mandatory
[SA systems increased the lower the order of the toad, with test drivers showing more
support for ISA on residential roads than on secondary and tertiary roads.

Attttudintal studies have been a major component of tesearch on I8A, A study by Persson
et al {1993} in Jamd, Sweden, found that drivers wete mose positive about the benefits of
mandatoty speed limiters after having driven in the ISA car. Subsequent studtes have
tended to confinm this increase in positive attitudes.

Almgvist and Nygard (1997) conducted trials in Eslév, Sweden They found that 73% of
participants rated themselves as more pusitive about 15A after usig it Their results
indicated a strong preference for the feedback from the active accelerator pedal over

auditory and viswd warmings.

Irials conducred by Comte {1994), found indications of more positive attimdes after using
ISA. Test subj:ac'ts tated the mandatosy system as more “useful” after they had used than
when they were questoned beforehand, They also rated it less negatively in terms of
“satisfaction”, although they were sdll quite negative about it @ this respect. It was also
found that the drvers who drove with the volontary system were much mote positive

about their experienices than the ooes who deove with the mandatory system.

Studies regarding ISA acceptunce appears, therefore, to be in apreement reparding the fact
that nser acceptance increases with exposure to ISA, and acceptance decteases with the
level of ntrusiveness inte drver control. However, it does appear that the Duropean public
15 at least tnarginally m favour of the concept. Further education and awareness
programmes may influence this situaion positively. No comment can, however, be given
on the levels of acceprance in South Africa and further research in this area would certainly
be tequired to futther the develop [SA locally,

19
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3. ESTIMATED EFFECTS OF 1SA IN SOUTH AFRICA

3.1.1. Speed, Speed Limits and Road Accidents
Intellipent speed adaptation has developed from the realisabon thar speed plays a crical
role in the severity and fiequency of ad accidents. The Arrive Alive website notes that
specd] is regarded as a factor in neatly one third of all fatal road accidents in South Afriea™”,
Tt also states that speed contributes to both the frequency and the severity of accidents,

because:

s  speed reduces the amount of available time needed ro avoid a crash/to stop the
vehicle;

+ speed extends the distanec a vehicle travels while the dnver reacts 1o a dangerous
sitpation; and

¢ speed reduces the ability of the driver ro steer safely around curves or objects on the

road.

Central to the complexities surrounding speeding on public roads is the setting of speed
limits, Specd ]irni-fs on public roads directly influence the mean specd on a link and dictaie
the operating speeds of the hink. The followmg figure illustrates the linear relationship
between an increasing speed limit {which influences the operating speed o the link) and
an increase m the number of fatalites experienced on the link.

v by Swwwaneealive couead pages-asprme= e pe cdingdnc=acndentesperd
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Figure 9: Mean Casualty Crash Rate and Speed Limie™

Figure 9 clearly flustrates that as the speed limit or operaung speeds increase on a link, the

percentape of casualties uccu‘rring i accidents oo that link micreases as well,

Speed limits are primartily detcemined by the geometnc alignment of the road, but a

number of othet factots play an imporiant tole when the posted limirs are set. These

inchude, but are not lmited o

the number of lanes;

whether it s a divided or undwided road;

the presence or absence of shoulders;

the quality and type of surfacing on the roadway and shouldets;

the road construcuon method (cg, hgh or low crown, thickness of undetbed),
how often the toad 1s rebalt or undergocs major repairs;

the drver visibility (e.g., line of sight for cars entering the road ac much lower
speeds);

the superelevarion in curves:

the rumber of and radius of curves;

the number of access poids;

the ptesence of drver distraclions {e.g., scenic route),

the normal range of weathet conditions (e.g., snow, ice, fog);

the expecied volume of rrafhc

t9 Tt S artitvcnlive oo, pages aprme=speeding &ene =Speedliactor
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¢  the aceident patterns of drivers on comparable roads;
o the location of the road (eg., urban in neighbourhood with children, limited access

without pedestrians or slow vehicles).

The seting of speed limits in urban environments can become 4 contendons issue, In
certain instances, the decision may be influenced by political concerns. Inappropnate speed
Lmis nun the risk of low dmver compliance and of Josing overall driver support.

Additionally rhe}r call create dangemu.ls ST tions z.riﬁing {reen dover [rustration.

The enforcement of what 15 percerved of a5 an vojusufiably low speed limit by speed
cameras has already created much controversy in the UK. A lnancial Times report from
2004 notes that “speed cameras have become hugely unpopular 1n Dritain where more than
T of the 5080 fixed cameras have been shot ar, blown vp or pulled down by irate
drivers. The cameras are widely thought to be hitde more than monev-making schemes for

the Pﬁ"““‘- cnmpanics that own thern ™"

A study done for the Federal Highway Admimstraton of the US department of 1'ranspott
(Staster et al, 1998) included the daw presented in Table 2 to Tlustrate the effects of rasing
the speed linut from 55mph to 65mph,

mi/h kim/h
Brown et al. {1980) Pis | 3.9
Freedman and Esteditz (19800 2.8 4.5
Mace and Heckard (1991) B 5.6
Ffefer, Stenzel and Lee (1991) 4-5 6-8
Parker (1997) 0.2-23 0.3-37

Table 2: Effects of raising the speed lmil from 55mph 1o 65mph

Sonrce: Stuster of al, 1998

The document cites Finch (Finch et 4l 1994) as having analysed the changes i speeds
from ratsing and lowenng speed linuts reported 17 4 number of mternational stodies and

teund that the change m mean tmffic speed 15 roughly one-fourth of the change in the

CAIPYRIGETT KM IYinanceal Times Infocmation Lnd; The back-sear Big Brother, Julr 26, 2004
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posted limit. It also cites Knowles et al. (1997) as having reported similar findings from
obsetvational before and after studies in Canada.

It, therefore, seem that a change in the speed limit leads to a similar change in operating
speeds on that link. It is also interesting to note then that the majority of studies
undertaken seem to indicate that where there is a change in speed, there is a corresponding
change in the frequency of road accidents.

Intensive research undertaken by the C.S.LR. in South Africa from the mid 1970s to the
mid 1980, it was found that the lowering of speed limits (resulting in lower operating
speeds on the rural road network) had an overwhelming effect on the occurrence of road
accidents. A reduction in the speed limit from 120 km/h to 80 km/h resulted in a decrease
in the casualty crash rate (number of casualty crashes per million vehicle kilometres travel)
from about 0,59 to about 0,44"". The tables (Stuster et al, 1998) given in appendix 1 cite
international case studies that indicate similar findings.

It can, therefore, be concluded based on international literature that speed is recognised as
a major contributing factor to road accidents. A 2003 report issued by the O.E.C.D.
(Organisation for Economic Development and Cooperation) on the impacts of new

technologies on foad safety notes that:

“Inappropriate -and excessive speed are primary causal factors of traffic crashes in
O.ECD. couzliﬁes (O.E.C.D. 2001, 1999). In addition, there is overwhelming evidence
that the risk of injuries and fatalities increases as a function of pre-crash speed, (Baruya,
1998; Finch et al., 1994; Transportation Research Board, 1998)".

ISA in its various forms directly addresses the issue of inapproptiate speeds or the
transgression of the local posted speed limits (based upon the assumption that these are
appropriate). Therefore, in order to determine what the advantages of ISA are, we would
first have to consider what the disadvantages of excessive speed are.

As was mentioned previously, the primary disadvantage of excessive speed most cited in
literature is that of road safety. However, a number of other advantages to the

17 http:/ /www.acrivealive.co.za/ pages.aspPmc=speeding&nc=SpeedFactor
18 O.E.C.D. 2003; Road Safety: Impact of New Technologies, pg 22
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implementation of ISA are also commonly mentioned in the literature. These are examined

further in the next section of this report.

3.1.2. The Cost of Road Acclidents

The high incidence of road accidents globally places a great strain on hospitals and
emetgency setvices. On average, 30-35 people die on South African roads each day,
another 20 are permanently disabled and 100 are seriously injured. In 2005 there were
11 616 fatal accidents, a 10.9 percent increase on the 2004 total. The C.S.LR. has estimated
that road accidents have an overall annual cost equivalent to R38 billion".

If one considers that excessive speed is said to account for neatrly one third of all road
accidents in South Africa”, applying the C.SIR.’s figure of R38 billion gives an estimated
cost of R11.4 billion annually, putely as a result of speeding motorists.

Reynolds (1956) composed a listing of the costs of road accidents that could be evaluated
quantitatively by an economist. He cited the following costs:

e Damage to propetty;

@ Medical costs associated with the treatment of casualties;

® Administtal_i,‘x:re insurance costs which can be ascribed to the occurrence of accidents;
® The net red;;:'ction in output of goods and setvice due to the loss of output from

people whé have been killed.

Damage to propetty was calculated considering only the cost of the vehicles involved in
the accidents. The administrative costs of insurance only considered the costs associated

with motor insurance, and did not include medical aid or life insurances.

Ye206.pd

The 2006 budget review issued by the

Natlonal Depanment of Fmanceof South Afnca, ch 6; 2006
2 hitp:/ /e artivealive.co.za/ pages.aspPmc=speeding&nc=accidentsspeed
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Item Cost (£) Percentage

Camage to property 18 +4 25

Cost of medical treatment b £2 8.3
Administrative cost of motor insurance 12 46 167
Met loss of autput due to deaths 1042 13.9
Loss af autput due to injury 26 £13 36.1
Total 18 +4 100

Tahle 3: Proportiomal relatienships of costs due to road accidents
Source: Reynolds {1952)

The cxact figures are 0o longer releyant since they date back 1o the 195005, | is alse
doubtful whether their proportional relationships w0 each other are still relevant and since
the data 15 from the United Kingdom, whether these proporonal rclationships are

applicable ta the South African sintaton.

It 15 of interest to note that according to Reynolds, approximately 5000 of the total cost ot
road accidents (Table 3) 15 due to the loss of potental output of goods angd services of
those killed ot injured in toad accidents. 'These costs can be considered longer-term costs,
since they accm:.tmlate over the petind that the deceased mndividual woudd have been
actively working, or that the injured person 35 not able to work By implication, the
inmediate costs of an acadent are, therefore, approxmmately 5004 of the total cost of rad

accidenss,

These costs are borne in part by society as a whole, and in part by the indmidual or the
deceased individuals surviving relations. As mentioned carlier, excessive speed not only
increases the likelihood of an accident, but also the severity of the accident when it does
accur, It, therefore, follows that the higher the inadence of speeding, the higher the overall

Cusls 1o society.

In addimion to the costs nofed by Revnolds (19523, road accidents very often lead to
medical insutance claims and in the case of fawadities, life insurance claims. In South Afnca,

there are also cluims made from the Road Accident Fund (RAT). In 2004/05 the Road

-5 .
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Accideni lund spend R3.5 hiilion in settling the claims of road acadent victims, and the

accumulated claims backlog rose to an estimared R24 Lillion™

Bevnolds (1952) also noted the tollowing further costs that he said could not be accurately

quantified either due o a fack of data or due o the nature of the costs:

s Administrative costs due o the oceurrence of accidents, neutred by the police, the
povernment and lawyers. These cannot be separated from the cost incuered durnng
the perfonmance of thew other duties.

o  The economic effects of a stnaller pupulation; with the exstence of mad acadents
the population of Greai Britain will be shightly smaller and of a slightly different
age/sex accupaton:l structure.

® ‘The effect of transfers of income within the community, With the occurtence of
accidents, income 15 rransferred from the resi of the communmigy 10 compensation to
those who suffer luss from the acedents, withour any necessary change in the

resaurces at the disposal of the community. Tois impossible 1o estimate this change.

Bevnolds {1952) notes the significance of the costs incurred be the authonties and the lepal
fraternity in dedding or processing road aceidents, bu fails to mention anything regarding
the opporunily costs that the pme lost in dealing with road accidents represents, Police,
tratfic officials, sovernment officials, hospital staff, emerpency assistance personnel and
road maintenance personmel, all plav a role when an accident occurs. As an Ulastration of
thus polig m all of the South AfHean Natonal Roads Agency Limited's (SANRAL) routine
road maintenance contracks there are bodocied amounts of approsdmately 3% of the
comtracts value sei aside for the provision of emergency persommel for acciden scene

managenent.

The costs represented by the tme all these partics spend in dealing with road accidents,
and more specificully, road accidents where excessive specd was the conubuting factor,
could equal ar even surpass the costs directly related to the accident itself. In a 2003 ardcle

listed on the Andve Alive campaign’s website™ a spokesperson fur the Automobile

M g Parpew diosnee o documeet s ood ged SRR (e view Cchagaie e, g e e 2000 Taidger rowioss issued By e

Maficaal Theparuocnt of Finange of Soarh Africe; ch 6 MH
2 It/ fwwew. amivealive.co.eafoldietter. asprp=letterBl=mediafid=15
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Association of South Africe, Mr Caty Ronald said that fatal accidents cost the government
approsimately R4 000 each (in 2003). Lhis amount mcluded the dead person's loss of
cariings, the emerpency services' tme at the accdent scente, medical costs and nsuratuce.
This figure, when combined with the toral road accident faahites i Souath Africa for 2005
of 11 616 cited by the CSLR* and asswning a 10% annual inflakon in the cost {giving

R484 000 for 20085, yiclds a total cost of RS 622 144 ()L

Barnelt, Clough and McWha (1999 presented a paper at the Road Saftey, Policing and
Fehueation Conference i Canberra, Australia o 1999 that owtlines the methods used o
qumltiﬁ,' the social cost of road accidenis, Thc:; roted that the costs of accidents could he

divided or categonsed i the followmg way:

*  Reul tesource costs, such as the damigee and consequent reprair 1o yehicles and
roadside structures; the opportunity cost of ambulance and traftuc parrol staff and
equipiment ateending to the scene of accidents; judicial costs incurted in prosecuting
and mmprsoning offenders; the costs of medical treatment and faneral services
brought foreard m ome;

s Output costs, such as the Prm‘]u;r:.l"wc work Tost from mdividuals Thrnugh accident-
induced tmury and mparment; accident-tnduced 1raffic delays; and wansidonal costs,
such as costs incurred m recratng and (raining replacement staff; and

*»  ['sychological and sociut costs, n_"["h_'f:.tirlg| most mdividoals” aversion to tsks o thedr

oiv, ar others’, safcty,

They noted that it 15 geoerally recopnised that road accidenrs often cause sigrificant
disruptions Lo wralfic flow. Howevet, the probability of an acadent and hence of accident
tduced delays on any particular stretch of road might be very low. On a patonal or
repaonnal seale, the cumuplative impact of accidenr-induced delays tmight be symificant

enough to warranl its nclusion m the calculagon of accident costs to society as 2 whole.

According o Bamett ot at {1999, there were 22 785 reported njury accudents in New

Ziealand during 1995 and 199%. The wtal socal costs of these aceidents were estimated m

2t b/ S wwwe finance poy za S dooumenes  badger / 2006, coviews/ chaprer s, pd; e 2006 budger review issucd by the
Puatiomal Depurtment of Financs of Sooch Afnea b o; 2006
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1994 to be i the region of NZ$5 581 million. These acadents were categorised into fatal,

setious and minor according to the severity of the accident. The findings are grven below:

Fatal Seripus Minor Total
Total cost by accident type NZ4 2573 2079 939 o |
Total cost by injury bype NZ§ 2479 2106 96 Loh1

Table 4: Total social cost of voad accidents in 1998 prices (1000 N 25}

Average cost per accident NZS Fatal Sarious Minor
Hospital/medical 5100 7800 100
Emergency/ pre-hospital 3100 12400 600
Follow-on 1500 3800 100
Sub-tetal Medical 10700 12800 800
Lost output from incapacitation 300 600 200
Loss of lifefpemmanent impaimment 2655400 215400 12000
Property damage 6700 4300 3500
Legal and court costs 6300 1000 300
Total 268350 237200 15900

Table 5: Averape social cost of road accidents per accident in 1998 prices (NZ8)

Average cost per Injury NZS Fatal Serious Minor
Hospital/medical 2600 6500 100
Ermergency/ pre-hospital 2100 800 500
Follow-con 3200 100
Sub-total Medicl 4700 10500 700
Lost autput from incapacitation 400 200
Loss of life/permanent impairment 2248000 179900 D00
Froperty damage 3500 2400 260
Legal and court costs 5100 B0 200
Total 2262300 194100 12600

Table fi: Average social cost of road aceldents per injury in 1998 prices (NZ$P™

The data was used to calenlate the average cost per tatal acadent, per serious acaident and

per minot accident. tThe averape social costs of road accidents were estmated to be

L
i carimates haws hoon snunded en the nearese 3100 and may oo sum proceely




An Evaluation of the Benefits of Intellinent Speed Adaptation for South Africa Aligust 2006

NZ$2.684 million per fatal acddent, NZ$237 200 per serous accdent and NZF16,900 per
minor accident (June 1998 WZ$ torms). The comesponding Hourcs per inmure ate
NZ32.262 million per fatal injury, NZS194. 100 per serioas injury and NZF12,600 per

ITUNOT INjuty.

It is unportant to note that the cost per aceldent will always be greater than the cost per
mjusr, since a fatal accident will involve at leasr one fatality and may inchide 2 number of

noa-faral mjures.

In June 1998, NZ§1 cost R2.66%, 8o a quick eonvemsion yields the estimates provided in

Tahble 7:

Fatal Seripus  Minor
Accident R7 139 440 R630 952 R44 954
Injury RE D16 520 R516 306 R33 516

‘Table T: Average cast of accidents converted inte June 1998 ZAR

1The figures in Table 7 are quite startling, assuming a consumer price inflaion mdex of on

average 4% since 1998, the fisures for 2006 would have increased as follows:

Fatal Sarious Minor
Accident RS9 770 816.62 R863 501.37RE1 572 .65
Imjury BB 234 570.4% R706 600.41 R45 B68.96

Table 8: Average cost of accidents adjusted o 2006 terms

Tt miust be noted that these costs do not account for the cost of moad acddent induced

rraffic dr.]a}-'ﬂ.

25 i ;
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3.2 Cperating Costs

3.21. Incident-Induced Congestion Delay

2251 Introduction

In the event of an acadent on any particular lnk, sigmficant disruption is caused o the
flow of traffic along thai link. This leads directly to costs asscaated with an increase in the

travel ame of mototisis and an ncrease m the romung coses of the vehicles using that Ik,

The extent of the delay may vary significantly dependng on the class of the road and the
traffic volunie 1t carries, the day and the tune of day the acddent occurred and the severity

of the acadent.

Incident induced delay has been calculated using 2 variety of methods, Morales (1956)
deseribed the delay by combining two cumulattive volume curves, one for aroval at the
incident site and one for departure from the wncident site, The area between the carves

represented the delay because of the maident.

Cumulative Volume

Time

Fignre 10: Representation of Incident Indveed Delay
Soaree: Morales {1956)
In Fipure 10, A {0 represems the curmlatve volime for vehicles arrival and 13 (1)
tepresents the cumulative volume for vehicles departing. The shaded area represents che

delay experienced due to the madent,

- 3k
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2 i Quantifying incident Induced Delay

Skabardomnis, Varaiya and Peuy (2002) smdied recurrent and non-recurrent congeston in
California. They found that non. recurrent conpestion delay, or nadent induced congesfion
delay, accounts for between 13 and 3% of the total congestion deluy. They noted thar the
portion of non recurrent congestion <delay depends on the srudy section characrenistics,
frequency and tvpe of incidents, and the presence of recurrent congestion. Most
importantly, the percentage of non-recurrent delav depends on the extent of recurrent
delav, Cleary, if thete is no tecurrent delay, non-recarrent delay will account for 100 Yo of
total delay.

Kwon, Mauch and Vararpa (2005) investigated the components of congestion in a sindy
conducted along the western seaboard of the USA, ‘they found that on the hnks they
stied, incident nduced delay accounted for 18% of the totsl congeston delay,
Frutrthermore, a regression analvsis of total daily delay vs. number of acaidents for all of Los

_-inge]ﬁs yields a slope of 560} vehicle-hours per accident.

Accotding to statisies released by the South Afrcan Natonal Department of Tran.lspotty’,
i 1998 in South Africa there were 511 605 recorded accidents of varying severity across
the country. Applying Kwon, Mauch and Varaiva's {2005) value of 560 vehicle hours per
accident yields the startling fipure of 286 498 800 vehicle bours attrbured to accident

induced delay per vear. 'That equates to approximatelv 32682.95 velucle years per year.

MNaturally, these values cannot simply be applied indiscninunarely, becanse conditions vary
from place to place. However. this can give oue an indicanon of the magnitade of the

problem, and the potennal savings if iF can e resolved

Interestingly, none of the studies mentioned consider the effects of madent-mduced delay
on the opposing lane’s raffic. Theoretcally, there should be no delay, as the meident
accurred in the nther lane, but practical knowledge wdicares that an incident can and ofren
does affect traffic on both cartingeways, irrespective of whether the ncdent occorred
across both lanes, This phenomenon is colloguially referred to as “rubbernecking”. A study
by Masmick and Leng (2004) found thar rubbetneckmg nocutred at approximatels 10% of

all acadents scenes causing an average of 127% reducton in capaaty of the lane

T/ s bensportaov s Hbean f docs St 2001 stateties hrenl#2 4
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question. The average delay due ro rubbernecking was found o be arcund 107veh hours

pet incident.

The study (Masinick and Teng, 2004) found that the likelihood of rubbemecking occurring
t: relared to 2 number of factors. These included the timing of peak penods, the weather,
the presence of hartiers and the volume of weekday travel The extent of the delay is
influenced by the duradon of the incident, the presence of barners and the volume-capacity
ratios of tmffic before the occarrence of the mcident ‘Lhe capaary reduction ratio is
mnfluenced by the peak pertods, the duraton of the ineident, and the tme of day or mght

thar the incident occurred

As it 15, the study shows that the incidence of rubbernecking can be significant in its
contnbution to overal] medent nduced traffie congestion, and should, therefore, be
included when calculating the costs of nadent mduced rafhe congestion. "This is especially
relevant when trying fo estimate the potential impact an [54 system mught have on travel

[patierns on the road network.

If an 1SA system is capable of reducing the mcidence of speeding op the road petwork, and
consequently reduding the mneidence of speed related acadenss, 1t will have an impact on
the incdence of inadent induced waffic congesdon. This influence can be quannfied,

because all of the mputs are gquantfiable,

Using Masinick and Tengs (2004) valucs of 1014 occurrence of rubbernecking, and 107veh
hours per incident of vubbemecking, one can then begin to form a more accurate estimare
of what the total annual delsy bBgures mught be for South Africa, The assumpton s

naturally that these values are relevant in South Africa

Using Kwon, Mauch and Varaiya's (2005) value of 560 vehicle hours per accident we
caloulated catlier that the total acaident mduced deluy was approxmately 286 498 800
vehicle hoors annually, This was if ope used the 1998 accident rate of 511 605 accidents.
Now, 10% of 511 605 is approximatcly 51 160 sccidenes. Masimck and beng (2004)
contend that each incident adds an additional 107 vehicle hours. This would correspond to
a value of 5 474 120 vehicle hours annually. Amending the value dertved earher wath the
value for rubbernecking pives 291 972 920 vehicle bours annually. This equates to
approsunately 3330743 vehicle vears apnually. This would mdicate that robbemecking

might account for approsdmately 2% of all inadent-induced delay,

32
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In ordet to detesmine the monctary value of ingdent induced delay, a number of factors,
such as fuel conswmption, vehicdle maintenance costs, the cost of dme delays and the
additional environmental costs have to be taken into account. The quannty of ome delay
caused by mncident induced congestion delay has now been established, and the value of

that 1ime will be derrved per factor durmyp the secuons that follow.

3.2.2. Fuel consumption

Fuel consumpoon is directly related to vehicle speed and to engine loading, Instiner leads
odle to assume that as vehicle speed mcreases, fuel comsumption increases as well The

reality, however, 15 a litde more complex.

Fgure 11 shows the relationship between msrantaneous speed and fuel consumption for

a typical internal combustion cngine usmyg the Orro oycle.
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The figure indicates that the optimum crising speed for lowest fuel consumpton is
approximatcly 7ikm /h. "The obvious imphcation s that over a fixeed distance, a vehicle
rravelling at speeds of between 50km/h and 70km /T will use the least amount of fuel.

‘Lhis is important as it imples thar the benefirs that [54 offers must be viewed 1 the
comttext of what the desired outcome from its implementarion 5. If ISA 15 inplemented
il 2 mandatory level 1 a residendal arca, with the am of it'npn‘n-iﬂg the road safely in the
area, und the imposed speed limit s Tower than approximately 50kmyh, then i cannot
asily be argued due ISA has any fuel consumpton benefits for that particular
application. In fact, the additonal fuel costs incurred due to the introducton of T8A

should be weighed agamst the benefits associated with an increase m safety.

However, should 184 be implemented on a freeway with the aim betng to ncrease capacity
and avoid congestion by lowering speeds from 120km/h 10 G0km/h, then, depending on
the speed seduction m queston and the assodated ingrease n tzavel tme, it could be

argued that there would be fuel savngs.

I3A works by hnuting a vehicle o the posied speed list, Assuming that all vehicles are
firred with a speed regulating 1SA deviee, all vehicles would be restucted to the posted
speed limit, ‘There would, therefore, be a potential fuel saving in proportdon to the
frequency of speedmg, Quantifying the potential sasings m foel consumpnon due to ISA
would require ascertaining what proporiion of the total kilometres travelled is travelled at
above the speed limit. Although informution regarding speed transgressions is commonly
available, this data is fot necessarlly represenianve of the actual proportons of speeding.
This 15, bocause i 1s rehant on data from either fnes (enforcement may nol be punruh'ivu
enough o form a realistic picture of the sinutdon on the roads), or traffic nomrorng
stations, (often simply counring stations, which are coly able to estmate speeds, and not

widely distributed enough o draw any reliable conclusions for the whaole network).

Furthermore, on an average trp, a vehicle might transgress a senes of differing speed
limits. Tt is not possible o derermine how frequently different speed limits are
tzanspressed. Addidonally, a speed limit is not ncecessanly avershot for the lenpth of the
Link, A vehicle might only penodically overshoot the speed lima (whilse overtaking for

instance}.
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These compheanions make it exceedingly difficalt to guantfy what effect ISA would have
on fuel consumption. Hewever, a UK National Statistics publication produced by
Transport Satstics for the UK Department for Traasport (2005) included the daia

presented -n Figure 12 and Figure 13 on the incidence of speeding in the LIK:
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Figure 12; Percentage vehicles exceeding the speed limit on rural roads
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Flzure 13: Percentage vehicles exceeding the speed imit on urban roads
In the UK at least, it would seem that a large percemiage of motonsts exceed the speed

litnits, ‘The fignres are especially high on motorways, dual carnageways and roads with a

30mph (48km/h) hmir

T
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I"urther anaf}rsis of the dala [SL'L' ﬁ.ppeﬂduq 4 for the Tull Jala t-;e’r) {eor the different road

and traffic classes was carned out {sec Figure 14 and Figure 15
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Figure 14: Relationship between average speed and the speed Hmit on UK moterways
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Figure 15: Relationship between average speed and the speed limit on UK dual earriageways

The fgures for matorways and cual carnageways show that I general, the average speeds
travelled by all classes of vehucle on these roads dosely follows the speed lirmit. This
indicates that, althouph large numbers of motorsts are speeding, most of the
transgressions ocout at speeds very near (o the speed lmit. On single carriageways, the

pit_'mru s somew hat different
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Fignre 16: Relationship hetween average speed and the speed limit an DK single carriageways

Average speeds on these roads are substantally lower than the speed it (Figure 16) for

all classes of vehicles except heavy vehicks. Without an understanding of the traffic

patterns or the geomenry and environment of these roads, it is
conclusive opinion as to the reason, other than to speculate that perh

Lrmit imposed on heavy vehicles 1s too low.
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Figure 17: Incidence of speeding = 10mph abave the speed limit on differeot classes of UK roads

Fipure 17 wves an indicaton of the inadence of vehicles cicceding 10mph above the

speed limit by vehicle type and road dassification. It can be seen that in general,

motorcycles have the highest proportions of sertous transgressors, and cars and LDV's are

s
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frequent serjous transgressors on motorways and dual carnageways. INotably, a large
petcentage of heavy vehicles (on average 20%) are speeding in excess of 10mph above the

speed limit.

A second study, conducted in Perth, Austealia, was done ro determine the bascline driver
behaviour on toads with a 60km/h speed bmit poor to the tmplementation of a blanker
SUkm/h speed lmir (Radalj ‘I, 2000). The smdy uncovered some inreresting results

regarding the incidence and sevenry of speeding on metropolitan roads 1o Perth,
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Figure 18: Vehicles execeding limit by 10 kov'h or more by road type vn 64 kow'h lecal taads

Svurce: Badalj, 240

Figure 18 shows that the higher the toad carcgoty, the lugher the modence of excessive

speeding.

ligure 19 shows the distribotion of speeds by road type. It can be seen that oo the higher
order distticr distibutors, similsr percentages of vehwicles were found ro be speedimg us
were found in the study done by the UK Departmenr of Trnsport. On lower order roads,
berween 20 and 40% of vehicles were speeding, and of these, only betweent 5 and 8% were
speeding in excess of 10km/h above the speed it of 60km/h, Similar to the findings n
the UK study, the vast majoniry of vehicles speeding, were travelling at less than 10km/h

above the speed lmi
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Figure 19: Distribution of speeds by road type

The conclusions that can be deawn froin these stndies are as follows:

¢ l'he incidence of speeding increases the higher the category of the road.

®  (Inaverage, between 20 and 50% of vehicles travel ar less than 1lem / h above the
speed limit, and less than 10% of velacles travel at speeds preater than 1km/h above
the speed lumt.

It is understood that the incidence of speeding tluctuates with the tme of day as well as the
day of the week. it 1s also understiod that weather and afhc conditions affects the
incidence of speeding. However, using the conclusions drawn from these two studies
above, it is possible to derive an esomate of what impact 15A could have on fuel

consumption, assuming that speed-regulating 1SA was made mandatory,

Returning to the disgram in Figure 11, it can be seen that the poteotial savings or increases
in fuel consumed 10km/h on etther side of the 60km/h mark, are very margmal. So much

sa, that it is not possible to estimate the change from the graph alone,

Nawrn and Partners et al {1994) investigated the potential effects of stratepies to reduce
speeds to reduce fuel consumption and ermissions in Melbeurne, Austraba, They found that
should the stratemes successfully manage to lower all velhucle speeds to below the 6lkm/h
limit, the average fuel consumption rate would lower from 8.2 L/100km to 81 L/ tOkm.

)
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The potental saving of L] 1./100km i frvial for a single auomobile, but potentally

substantial 1f 1t 15 expanded across the entire countries fleet.

A paper done by Ahn, Rakha, Trani, and Yan Acrde (2000) to develop mathematical
models that predice vehicle fuel consumpton and emissinns using mstantaneons speed and
acceleration as explanatory vanables produced Fignre 200 to explan the relationship

between fuel conswmption, acceleranon and mstantanecus speed.
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Figure 2ik: Fuel Consumption as a function of acceleration and instantanenos speed

Lowrce: Ahn, Rakha, Trand. and Yan Aerde (2HHHH)

The chart 15 useful as it highlights that fuel consumpnon at crmsimg speeds as shown n
Figure 11 s different o fuel ennsumption when acceleratng, In the local or residennal
road network, vehicles are often forced 1o accelerate and decelerate ar regular mtervals.

This increases the amount of fuel consumed. O freeways, vehicles are mostly operatng at

cruising speeds, unless traffic is congested,

Laud and Tate (20000 explain that the microsinmlatdon of an wrban road network yielded
decreasing total fuel consumpton with inereasing 1SA penerration rates. The study found

that ar 106%s 1SA penetration, a saving of 8% in fuel consumed could be achieved.
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Figure 21; Fuel consomption ax a function of [SA penetration rate

Sonrce: Lui and Tate (2000}

Lw and Tate (2000) explain that the saving achieved 1 due to the speed control system

lmiting  maximun speeds to tho spced limit and alio reducing the acceleration and

deceleranon cvcles, thereby keeping the vehicles eruising at slower and more constant

speeds.

I'c determine what the potential saviags for Sooth Afre may be, one has to know what

the total mileape travelled is. Two sets of stanstics were used, torat travel and travel on

natonal roads. The a,;na,]}'siﬁ would be able to show what irn]‘::-in::t 154 m.ight have on fuel

consumpton were it only 0 be implemented on matonal roads, and if it was implemented

o all South Afrcun roads.

The Seuth African Natonal Roads Agency released statistics for travel on South African

nations] roads, The stanstics were divided ot toll and non-toll soads,

41



An Evaluation of the Benefits of Tntelligent Speed Adaptabion for South Afrca ALgust 2006

NON-TOLL ROADS
Total Length  Vehicle kmyfday Heawvy Vehicles Percentage Light Vehicles Parcentage
546454 4409701846 4,931,799.27  9.10%  39,165,219.15 72.30%

TOLL ROADS

Taotal Length Vehicle km/day Heavy Vehicies Percentage  Light Vehides  Percentage
1,267.82 10,088,570.46  1,547,151.78 2.90%0 E.541418.68 15.80%

COMBINED

Total Length Vehide km/day Heavy Vehicles Percentage Light Vehicles Percentage
6,732.36 54,185, 58892 6,478,951.05 1200%  47,706,637.87 38.00%

Table ®: Vehicle travel oo pational roads

The data indicates that slpprrcrz{in'latﬁljr,r 54 185 (MN] Kilometres is teavelled on South Afncan

national roads each day, "Lhis converts to 19 777 million kilometres per vear.

Stadstics South Afnca refeased data for travel o all Somth Afncan roads as presenred in

Table 1k

Year 1960 1591 1992 1993 1994 1885 1996 1997 15883 2005
km travelled 96,067 96,513 97,798 102,280 111,476 119,189 126,042 126,897 130,137 160,567

Table 10: Total Travel on Sauth African roads (ndllions of kilometres)

Lhge 1o the kack of updated informaton, an estinate was made of the growth from 1998 to

2005 by simply adding the growth from 1990 1o 1997 o the total for 1995,

Assuming the value of 0,1 lirres per 1(0kin saving found by Nairm and Partner et al’s holds
for South Africa, the potental saving in fuel 1s 160 967 000 hitres per vear for 2005, Using a
price per lie of R5.90 for fuel, this equates 1o R94Y 705 300) per vear for 2(N)5. Assuming
the values are similar for 2006, and using the most recent petrol price of R6,50, this sum

increases to K1 0% 575 600,

An eight percent reduction as was found by Tai and Tate (20000 cquates 1o approximately
656ml of fuel per 1(Hkm using an average consumption of B2 hires per 100km. This
would yield a value 6,56 tmes preater than what was denved from the figures given by
Mairn and Partner et al. 'Lhe value would be on the order of RT 180 415 (X} for 2006,
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3.2.3. Additional Fuel Consumption due to Incident-Induced

Congestion

Fuel consumption 1= not cnly determined by mnnmg time bur is governed by

mstantaneous speed and acceleratnon as well as general engine loadings.

In a study pubbshed mn the Journal of the Air & Waste Management Association, Tong,
Hung, and Cheung (2000} measured el consumpiron and the level of enussions at varying

imstaittaneons vehicle speeds. A mange of vehicle ypes was used.

The figures presented in Appendix 2 outline the findings from two perspectives, that of
fuel consumpnon factors relatwe to instantanecus vehicle speeds and that of fuel
consumpion rares relative o mstantneous vehicle speeds. The results obtained display

different trends and reveals different aspects of the daca.

Fuel copsumption factors are quoted in p/lem whereas fuel consumption rates are quoted
i g/sec, The results for fuel consumption factors show that in peneral the consumption
factors decrease with an increase in vehicle speed, whereas fuel consumption rates increase

with speed.

This 15 to be Expécted because at low speeds, the disrance travelled durng any time would
e short, so the runnmg ume for the vehicle would be longer. Put sunply, less fuel would
he used travelling Tkm at 100km/hr than would be traveilng at Skm/hy, Conversely,
rravelling at higher speeds means that the engine consumes more fuel and as a resul, it can

be seen dhat fuel consumpoon eates tncreases with speed.

These results allow for some conclusions regarding fuel consumpton duting congested
conditons as opposed to free flow conditions to he drawn. Tn Table 11 the average speeds
and distances travelled for the vehicles used mn the ficld tmals conducted by Tong, Hung,
and Cheung (2000) are hsted.

Durafion (sec) Average Speed (km/hr) Total distance {km)

Fassenger Car 2613 19.47 14.13
Petrol Van 6500 23.85 43.06
Diesel Van 3133 24.91 2168
Digsel Bus 1690 15.32 ;.15

Tahle 11: Characteristics of test runs from Tong, Hung, and Cheung

=45 -
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The average speed for all the vehicles was approximately 20.8%m/hr. ‘The vehicles in this
particitlar study all travelled different routes and, in addinon, due to the different vehicle
types, thetr acceleraton and deceleraton charactenstics would be different. There were also
different drivers used for the different vehicles. The result is that none of the mdividual
test tuns has similanites other than that the arcas in which the routes were taken were both
areas well known for their congested condidons. This s beneficial in that it allows for a

gmcra]iﬁcd picrur:: of travel in n;:r_m.gfﬁ[ed ATERS.

Patiol Car Petrol Van Diesel Van Bus
Consumption Factor 65 105 100 15
Consumption Rate 0.4 0.55 0.6 0,12

Takle 12: Summary of resules at 20 - 25 km/'hr

The results show a relaovely large spread of values at 20 — 25 km/he. Other than for petrol
and diesel vans, there does not appear to be much consistency across the different velucle
types. This is, however, to be expected, since the vehicles have substangally different

characterisdes.

This paises another consideration that must be taken 1o account when attempting to
quantity and monctise fuel consomption. The vohwular split om any particular bnk could
symificantly influence the overall cost of delay, 1f hypothetically only heavier vehicles, such
as trucks or busses, were affected by congestion, the outcomes would differ significantly, of

only passenger cars were affected by congestion.

1he solition to this problem cannot immediately be resolved without mote derailed
informaton regarding the congestion levels on roads, and the corresponding wchicular
split. However, if 1t is assamed that the vehicnlar split on links that expetience siygnificant
levels of congestion is relatively uniform, natdonal stabistcs can be used for the vehicle
population to determine the average vehicular split on those links. The figures i Table 12
can then he applied in order to determine a reasonable estimute of the contibution of fucl

consumption 1o the cost of modent-mdoced delays.
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‘The National Department of Transporr™ lists on irs website the statistics for the national
vehicle population during 1498, 1994 and 2000 as given in Tahle 13:

31-Dec-98 31-Deg-99
o of total

31-Dec-00

%o af total % of total
Vehicle Class Tatal

self Total self- Total
RSA propelled RSA propelled RSA

self

propelled
Motorcars & statinnwagons 3 784 289 G4.68 3 B47 552 £4.62 3913 470 64.69
Minibuses 248 698 4.25 252 577 4.25 248 B37 4.11
Buses, bus-trains & midibuses 25133 .43 25 M1 0.43 25 943 0.43
Motor- [ Tri- [ Quadrocycles 158 895 2.72 156 B48 2.63 158 606 2.52
Ldv's & panelvans {«<3,5) 1219 471 20.84 1 251 B15 21.19 1 297 383 21.44
Trucks (heavy Inad draw =3,5t) 227 123 3.88 227 468 3,82 226 937 375
Cther self-propelled wehicles 186 957 32 182 148 3.06 178 788 2.596

Total self-propelled vehicles 3 B50 566 100 5954 545 100 6 049 964 100

Caravans 120 508 1724 117 595 1663 113 965 15.91
Light load trailers {<3,5t) 479 283 G8.58 491 262 69.46 o2 322 70.15
Heavy load trailers {=3,51) g9 107 1418 o8 410 13.91 08 BOS 13.54
Total caravans & trailers 698 898 104 707 267 716 093 100
All other and unknown vehicles 54 114 52 568 48 474
Total number of live" vehides " 6 603 578 G715 184 & 614531
Number of heavy trailers per truck 0.44 0.43 0.44

Tahble 13: "Live" Vehicle Fopulatien for 1998, 1999, 2440
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Figure 22:Live Vehicle Population: Provincial Percentages for 31 December 20007

As can be seent from Table 13, on 31 December 2000 there were 6 (49 964 self-propelled
vehicles on South Africa’s roads. In order o update this walue 1o 2005 ferms, an
Investiganon o new vehicle sales was done, the results of which are presented in Table

14"

¥ehicle population Vehicle population

adjusted for scrappage

31/12/2000 . & (45 954

31/12/2001 6 045 964 5 B68 465 382 529
31/12/2002 6231 699 6 044 700 363 184
31/12/2003 6413 170 6 220 775 368 470
31/12/2004 6 670 378 6 470 266 449 603
31/12/2005 7 0BG 294 6 B75 645 618 028

Table 14: South African vehicle population adusted for serappage™

I'he total vehicle popalation for South Africa is in the order of 7 088 (00 vehicles. The
vehicle split for South Africa is shown m Lable 15,

# g o teunsport o, 22, dibery  decs; stans 2000/ smanntis heml#2 4

M See Appends 3 for tunther desdl onbow these esals wes arived ar.

- 446 -
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Vehicle Type 1998 (%) 1999 (%) 2000 (%) Average (%o}

Motorcars &
64.68 64.62 54,69 54.66
stationwagons
Minibuses 4.25 4.25 4.11 4.20
Buses, bus-tralns &
.43 0.43 .43 0.43
midibuses
Motor-/ Trl- f
272 263 2.62 2.66
Quadrocycles
Ldv's & panelvans
20.84 21.19 21.44 21.16
(<3,5t)
Trucks ¢ heavy load
3.88 3.82 ] 3.82
draw =3,5t)
Other self-propelled
e 32 206 2.96 3.07

veh|cles

Table 15: Vehicular split in South African flect

The value dertved earher on for total delay due to congestion was 291 972 %20 vehicle
hours anowally. Tt would be impossible fo determine accurarely how this ume 15 split
amongst the different categories of vehicle. As a resulr, the assumpton was made that the
time is split along the percentape split for the vehicular fleet as given in Table 15
Additionally, the fuel conswmption rates are not available for all of the categonies of vehicle
histed 10 Table 15 As a result, the vanons categories were grouped into represcatative
caregomies similar fo swhat was used by l'ong, Hung, and Cheung (2000, 'Table 16 lustrates
how the rotal conpestion induced delay was split amongst the categodes and how the
varving vehicle categones were amalgamated mto the four categories used by Tong, Hung,

and Cheung {2000,

iy
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Vehicle Type Average Consumphtion Vehicle Fuel Fuel Fuel
(") Ratea hours Consumption Consumgption Consumption
(kg/year) (Dieset} (Petroleum)
{I/year) {l/year)
Motorcars &
B4.66 0.4 188799423 271871168.40 307195.06 368778.58
stationwagens
Minibuses 4.20 0.55 12272585.1 24299738.24 27457.33 32961.31
Buses, bus-
trains & 0.43 0.12 1255483.56 542368.90 612.85 735.69
midibuses
Motor- f Tri- /
2.66 0.4 775674724 11169716.03 12621.15 15151.13
Quadracycies
Ldv's &
panelvans 21.16 0.55 617717374 122308040.13 138201.18 165304.40
(<3,5%)
Trucks (heavy
Inad draw 282 0.12 111436331  9814099.50 5439.60 6530.00
>3,5t)
Other self-
propelled 3.07 0.4 897330107 12921553.55 14600.62 1752741
vehicles

Tauhle 16; Estiniated additional fuel consumptiva as a result of incident induced deluy

Table 16 conrains estimates for the amount of sddidonal fuel consumed by vehicles due 1o
ncident induced congestion. Table 17 gives some clarification of the figures presented in

Table 16

4K
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Vehicle Type Fuel Consumption Fuel Consumpkion Fual Consumption

{ Petreleum) (I /year) {Petroleum) at 20 — 25 {Petioleam) at D — 5

ket /hr {1/ 100km) km /hr {1/ 100%m)
Maotorcars &
3687 78.88 B.B2 54,26
stationwagans
Minibuses 32961.31 14.24 12.89
Buses, bus-trains &
735.69 2.03 1356
midibuses
Motor- / Tri- /
15151.13 B.82 54,26
Quadrocydes
Ldv's & panelvans
16590440 14.24 12.89
{=3,5t)
Trudks {heavy load
( §530.00 2.03 1356
draw =3,51)
Cther self-propelled
ipet 1752741 8.82 5426
vehicles

Tabile 17; Fuel consumption rates for different types of vehicles at different speed regimes

The values for fuel consumption presented in Table 17 have been calculated using Tong,
Flung, and Chenng’s (2000} fuel consumpon factors as given in Appendix 2. Converting
the fuel consunmption factors from grams per kilometre to litres per 100 lkalomerres

provides a useful comparison to average driving conditions.

Under averape free drving conditions, the average vehicle uses approximately 9 litres per
1EH) km. This 15 demonstrated by the fuel consumption values given in Table 17 for speeds
between 20 and 25 kilometres per hour. However, when aceclerating from standstill, as is
repeatedly  done during penods of heavy congestion, fuel consumption mercases
dramatically. This can be secn in Table 17, Motorcars are shown to consume up to 50 litres

per 100 kilometres when accelerating from standsnll.

Lsmg the values for fuel consumption per vear as caleulated in Table 16, we are able to
dertve the actual monetary costs thar can be attributed to the addidonal fuel consumed

because of incdents on roads m South Afrdca

4.
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Vehicle Type Fuel Consumption Cost of Yearly Fuel
{Petroleum) (I /year) Consumption (Petroleum) (R)
{Fuel Price = R5,20/1)

Motorears & stationwagons 368778.86 R2 175 795 40

Minibuses 3296131 R194 471.74
Buses, bus-rains & midibuses 735.69 R4 340.50

Motor- ¢ Tri- / Quadrocycles s s T R89 391.67
Lov's & panelvans {«3,5t) 165904.40 R975 B835.95
Truacks (heavy Ipad draw =3 5t} £530.00 R3f8 527.02
tither self-propelled vehicles 17527 .41 R103 411.69

‘Table 18: Monctary cosis of vearly [uel cansumption.

The values in Table 18 sum to 4 total of B3 584 004 'This can be said o be an initial
approximation for the cost of the addinonal fuel consumed due to modent-induced delay,

where specd was the pomary causal factor in the acadent.

3.2.4. Maintenance Costs

‘the operatng cost for vehicles not ealy includes fuel consumpton, but also the addinonal
wear nn the vehicles consumable components. These melade tyres, brake linings and shock

absorhers, as well as the periodic servicing of the vehicle,

The South Afcan National Department of Transport presents the data in Table 19 an

their website™, as an estimate of the aperating costs of vehicles 0 South Africa n 2001

Engine Service & Op of fuel Tyre “ooffuel  Fuel Total

Capacity Repair Cost cost Cost cost Cost Cost
cfkm Yo cfkm % cfkm cfkm

= 1849 209 B1.32 3] 31513 FAT 5.6
1850 - 2049 231 80.49 11.8 41.11 287 636
2050 - 2545 R Tt 53.47 10.8 22.74 47.5 837
2550 - 3045 30.9 63.32 12 24.59 43.8 91.7
3050 - 4049 345 65.71 13.3 2533 52.5 1003

M by Swrwens trnsport o ibmary A docs/ stare! 2001/ seatisics hem#2 4 (avemge valoes were caleolated from the
origringl data)

T
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>4049 354 £9.86 134 23.76 56.4 109.2
Average 29.03 69.03 11.55 2811 43,27 B3.85
PETROL

<1350 13.9 36.48 5.4 14.17 38.1 57.4

1350 - 1549 15.2 38.78 5.B 14.80 39.2 0.2
1550 - 1849 18.2 43.86 8 19.28 41.5 &67.7
1850 - 2049 20.1 43.70 8.9 21.52 46 76

2050 - 2549 22.1 43.76 119 23.56 50.5 84.5
2550 - 3049 25.9 40.18 126 23.03 54.7 DA
3050 - 4049 30 48.23 13 20.90 62.2 105.2

=4049 34.2 51.B2 16 24.24 66 116.2
Average 22.58 44.47 10.33 20.19 49.78 BL.68

Table 19: April 2001 Yehicle Operating Costs in BS5A

Vable 19 shows that, on average, the senice costs {which include the consumnable spares
mentioned previously) can be estunated at 69.03% of the fuel costs for diesel vehicles and
at 44.47% of the fuel costs for petrol deven vehicles. 'Lhe tvre costs can be averaged as
ZB11% of the fue cost for diesel vehicles and at 20.19% of the fuel cost for petrol

viehicles.

‘These amounts sipnify that, 10 order to provide a more holistc estimate of the acrual
lncrease In operating costs for vehieles i South Africa due to excessive speed, an increase
of the estimates for fuel consumption as caleulated in section 3.2.2 and 323 by at least a

factor of 1.5 15 needed.

' 'he addiional fuel costs calculated for excessive speed In secton 322 was RT 180 415 ()
for 2006, Applying the estimare that the muntenance costs for vehicles 15 between 45 and
TlFe of the fucl cost depending on the vehicle as derived previcusly vields that the
additonal maintenance cost 13 between B3 231 187 (K0 and E5 (26 291 KL "Lhe
additional tyre costs ure calewdated as being between R1 449 725 (00 and B2 018 414 000,

This increases the value for the addiional operating ecosts due w speeding, and
consequenily the porennal savings ISA holds for South Africa to be hetween
R11 861 329 000 and R14 225 122 00,

Similar incteases can bhe expected when considering the increased costs due to incident

indueed C{}ﬂgt:stj{}ﬂ dclay. The additional fuel costs were calewlsted in Table 18 and
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sunmed to g total of B3 584 000, The walues in lable 18 have been amended with the

factors for maintenance costs as per Lable 19, The amended totals are given in ‘L'able 20:

Vehicle Type Cost of Yeoarly Additional Additional Tyre  Totel Costs
Fuel Service Costs costs

Cansumption

(Petreleum)

Matorcars & stafonwagons R2 175 79540 R367 576.21 R439 293.09 R3 582 664.71
Minibuses R194 471.75 RB6 481.58 R39 263.84 R320 217.17
Buses, bus-trains & midibuses R4 340.59 R1 930.26 RE76.37 R7 147.22
Motar- [ Tri- / Quadrecycles RBE9 291 .67 R3% 752.48 K18 048.13 R147 192.32
Ldv's & panelvans (<3,5t) R97E 835,95 R425 288.35 R197 626.98 R1611 751.28
Trucks (heavy load draw > 3,5t} R38 527.02 R17 132.97 R7? 778.61 P63 438,58
Other self-propelled vehicles R103 411.69 R45 987.18 R20 B78.82 R170 277.69
Total R3 584 774.06 Rl 594 149.03 R 723 765.89 R5 902 638.98

Table 20; Amended Tutal Costs

Summitg the totaf casts in "Vable 200 pives a grand total of R5 902 (0. This amended value
1s 64.7%% greater than the onginal fuel cost of R3 584 OO0, which would definitely indicate
that these addinonal costs arc significant and should be included m any calculaton of
operatiug costs. The new amended value provides a more accurare figure of the mereased
vehicle Dperaﬂqg costs for vehicles i South Africa because of incident-mduced deday

caused by meidents whose primary causal factor is speed.

3.3. The Cost of Time Delays

In additon to the more direct costs associated with conpesuon, there are also costs

associated with the time delay caused o the travellers caught in the congestion,

A study undertaken in Canada by Transport Canada a department of the Canadian
department for Environmental Affairs in 2006, ro determine the cost of congestion for
Canadian urban centres found that the cost due 1o delay accounted for by far the majordty

of the total casts of congeston.

Table: 21 lists the total costs of conpestion found by the Canadian study. The study
calenlated costs at three different “threshold™ Jevels. These thresholds form the watcrsheds

between what is taken as an acceptable and an wnacceptable level of congestion. ‘Lhis

52.-
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methodology was chosen i responze to attacks on the assumption that the free-flow
comhriont 15 the standard or ideal benchimark from which to judge congestion levels. The
petcentage value in this case refers to the percentage of the posted speed limit maintained

duning comgested perods.

Urban Area at 50% at 60%n at 709,

Threshald Thresheold Fhreshold

Yancouver 2003 $402.8 $516.8 $628.7
Edmornton 2000 5424 £h2.1 $74.1
Calgary 2001 $94.6 $112.4 $121.4
Wwinnipeg 19492 $48.4 $77.2 $104.0
Hamilton (all} 2001 $6.6 £11.3 $16.9
Toronto 2001 $689.6 $1,267.3 $1,631.7
Citawa-Gatneau {all) 1995 £39.6 $61.5 $88.6
Montréal 15588 $701.9 $854.0 $986.9
Queébec City 2001 $37.5 $52.3 $68.4
Total, ali urban areas $2,270.2 $2,015.0 £3,720.6

Table 21: Total cost of cungestion us Teund hy Transport Canada™

Table 21 shows that the costs associated with congestion in Canada range between $2.27
tnllon and $3,72 illion for the vears shown Lable 22 shows the percentage of each vears

cost that can be directly attributed o delay.

1

Urban Area at 50% at 80%p at 70%q

Threshold Threshold Thrashold

Yancouver 2003 93.40% 91.90% g2 70%

Edmanton & Caigary 200072001 - - -
Winnipeg 1292 BB.10% B8.00% 90.20%
Hamilton {all} 2001 79.40% B5.40% 90.10%
Toronio 2001 B7 40% 90.40% 92.40%
Otawa-Gatineau (alil 13995 B4 40% 270004 90.40%
Montreal 1998 92 .30% 93.10% 93.90%
Québec City 2001 87 40% 87.00% 88.50%
Total, all urban areas 90.60% 91.80% O3.00%,

Table 21: Percentage of costs artributable to delay

5 ost i nndllious of Canadian dollars

e i
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The totals i this case are actually averages. It can be said, however, that, on averape, the
delay compenent of the costs of congestion accounts for on average of at least W of the
total cost of congeston. These costs are, hawever, for recurrent congestion, and do oot
include costs of non-recurrent congeston, such as those of incident nduced congestion.
Hewever, 1t 15 imparkant to note the overall propartons of the varous cost factors cited in
the smidy. The smudy considered time delay, fuel wasted and addiional emissions as being

primaty cost factors. The study goted that the costs are approximately spread as follaws:

s Time delay Y¥n
o |fuc! wastage s and
s  Emissions 30

An approximation for the addigonal operaing and mamtenagee costs due 1o incident-
incduced congestion caused by madents, where speed was the mamn conmibutory factor, can

be extrapolated for the time delay usimg the percentages betore. Table 25 illustrates:

Operating costs Congestion delay casts

{=50/7>0perating costs)
R75 8§51 715

RS 90 689

Tuble 23: Calealution of Congestion delay costs

In Tabie 23, using the proportons obtained in the Canadhan study, we dettved a value for
the annual tme delay as a result of incident-induced congestion canged by road acadents
where speed was the ptimary causal factor. 1t must be nored that the assumptons made
hete are, that the values used to derive the operanng costs awe accurate and that sunilar

praportions of costs are applicable here in South A frica.

In companson, the 2005 Mobility Report undertaken by Sheank and Lomax of the Texas
Transport Institute of the Texas A&M University provides costs of congestion as (able

24);
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Population Average Cost {$) Average Delay Averaae Fuel

Group {hours) (gallans)
Very Large areas 1,038 61 36
Large areas 620 37 23
Medium areas 418 25 15
Small areas 222 13 8
85 area average 7594 47 28

85 area total £3.1 billian 3.7 billion 2.3 billion

Table 24: Congestion Effects on the Average Traveler in the UISA - 2003

'The dara was categomscd by urban arca size. This was done as it was found that in larger
urban areas, such as large cities, overall congestion tends to be more severe. In this way,
the full effect of congestion is not diluted by the presence of smaller, less congested urban

arcas in the data sample,

It must be noted that the US data presented in “Lable 24 has very hittle bearing on the South
African situation. As the US popubanon is sigmificantly larger, the vehicle popolatdon s
orders of magmtade greater and the mobility patterns o the US are different 1o the South

Aftiea omes,

What can be donie, is 1o compare the cost ratio’s they've applied 0 what was apphied 10 the
Canadian mtr}ﬁlc. 1o 2003, gaschne prices varied dramatically in the LSA, but the average
was $1.895 per gallon™, Applving this value to Table 24 will give the cost of excess gasoline
used as a result of congestion as per the valucs in Table 24, The costs apphicd to the time
delay can then be derved and the relevunt proporiions in the case of the US study can then

b calculated (Table 25).

B btpe S energy o g S gasaling statistics S gasobing_epd_adingted bl

B s
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Population Average Average Average Average Average Costper Fuelasa Time

Group Fuel: Costof  Cosk {5} Time Time hour {(5) %o of cost delay asa
gallons  Fuel (%) delay Lost  delay Yo of cost
(%) {hours)
Very Large
36 58.22 1,038 G0 61 15.90 6.57 9343
dreas
Large areas 23 43.585 520 576 3 15.58 7.03 9297
Medium areas 15 28.425 418 380 25 15.58 6.80 93.20
Small areas 8 15.16 222 207 13 15.91 6.683 93,17
85 ares
28 53.06 794 741 47 15.76 5.68 8332
average
85 area total 23 4.3585 631 59 =i 15.88 6.91 93.09
Averages 15.77 £.80 93,20

Table 25; Further Anglysis of US resolts

The US study did nest consider the cost of enussions, and focussed mainly on the effects of
congestion on the Individusl traveller, As can be scen from the analysis of the data
presented m Table 25, the puereentages found 1n the Canadian study very closely resemble
the percentages of the US smdy, Also, if one considers that the Canadian smody made
explicit mention of crmssions as a cost commmbutor, and thar this cost amounted o
approsimately three percent of the total cost of congestion, then subtracring three percent
from the cost due 10 tine delay in the US study would bring the two data sets even closer

together,

It cannot be said with certainty whether the proportions uncovered in the data are
representative globally or whether it is a geographic phenomenon, congidering that the US
andd Canada are so doscly related geographically, bar the trend does scem very strong and
the values can be aceepted with reladve confidence. 'This being the case, it can concluded
that 2 reasonably robust estimate of the cost of the tme delay due o incdent nduced

congestion where specd is the primary causal facror, is R75.8Y million per year.

- B -
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34. Environmental Costs

Much has been written about the environmental costs of congestion, and many forms of
pollurion from automaobiles have been mentioned in the literature. In this section all major
podlutants cited in the varions papers read will e identiticd, and the extents to which these
contribute to the cost of excessive speeding and the cost of congestion as a result of

accidents caused by cxcessive speed will be explored.

A study (Wicking-PBaird, De Villiers and Datkiewicz; 1997) into the so-called “brown haze”
phenomenon encountered in Cape Town duting temperature inversion condifions made
some nteresting findings as to the sources of alr pollubon m Cape T'own. It found that the

primeary sources of air polluton in Cape T'own are motonsed vehicles. Fipure 23 fllustrates:

Woog Mol
1% %

Industry

2%

Fignre 23: Apportionment of Visibility Impairine Particle Sources

Iigure 23 is an aggregation of a more detaled diagram. ‘The vanous sectors show dhat
motor vehides acaount for neatly two thirds of all visibility impaiting partidle emissions.
O the 63% atributed to motor vehicies, the study found that nearly half of all visibiling-
inpairing particles in the air above Cape Town come from dicsel burning vehicles. Petrol
burning vehicles only account for 17%, which 15 less than the 22% attributed to industry.
The industry scctor 1s an amalamation of bodlers, refinetics and power s1ation eiissions.
e must be noted that the figure relates only 10 visibility impainng pollotams, These were
debned in the study as particles of dianmeter smaller than 2.5 microns, In addigon, the smdy
made a lisdag of the vatious sources of emissions contribubing to ar pollution in peneral

(Tahle 26).

"
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EMISSION RATES {tons/year}

502 NOx VOCs PM10 PM2.5

Coal 185 i5 44 40 i6
Paraffin 344 61 4 B 8
LPG L] 3l 11 2 2
Wood 1 c42 2387 1877 1314
Transport
Petrol vehides 1591 16848 33596 L62 472
Diesel vehicles 2716 1781 460 k2 R 1773
Brake and tyre wear 86 0
Paved roads 2129 213
Linpaved roads 1391 139
Aviation fual 46 576 470 33 30
Ship diesel 69 739 3 5he 47
Ship bunker oil 1145 582 109 57 60
Industry and commerce
Coal 4750 1875 & 975 320
HFD 7686 695 ot 451 406
FF5 fuels 146 154 1 100 a0
Diesel B4 900 38 &4 59
Povver paraffin T, 7 0 i 1
Caltex 10880 1643 1700 432 302
( Kynoch 888 135 122
Athlone power station 2261 893 3 64 186
Other
Tyre burnirsg 241 i3 107 335 168
Medlcal Indneration 1 2 0 3 3
Wildfires 40 107 5 ¥ a0 322
Other VOCs 15618
Total 32225 28352 55341 11594 6123

Table 26: Summary of primary atmespheric cmissions in Cape Town {tons/vcar)

Of mterest to this report 15 the contnbunons made by the tansport sector and
partcular, by diesel and pewrol driven motor vebicles. A graph flusoratng the data for the

tansport sector 1s given in Figure 24,
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Emission rates by tramsport category and pallutant type

tonsyear

i 3 3
EEEEEEEE
dd s f gl

g = 2
tranaport catagory

Figure 24: Emission rates by transport category and pallucant type

Figure 24 clearly indicates the petrol vehicles account for by far the majonty of Nirrogen
oxides (NOx) and Volatile Organie Compounds (VOC's). The study bad the following to
say regarding these polluranis:

“Of the avcider of witroger (NUe), mifropen diwade (INO2) Is nked with beatth effects. INO) s
exitted frome bigh tepperatire combustion, and Jater parfially converted fo INC2 by plotochomical
reagtions. Sourver of INO fuelide meolor vebicles and Jossil fued bursting poaer plants. Nitroges
onctdles are fosr solwlle fn water then wihbuy ducide and are therefore associated narh decp lbeng
Prenetration ar serabbing of the gas in the nasal passages I not efiient. Animal experimpnty bave
o that NOZ cauves alteration & lanp metabolsm, wructire and finciion, and an nereare in
ihe sunshlbiliy fo primonary tnfections, Niwddies on bagnans fawe thowsn that, with avthmatics in
partaar, NO2 bar a bronc-consiricting efed.”

Sowrer: Wicking-Baird et al, 1907

Regarding Volatle Orpanic Compounds (VOC's) the study held thar:

bt
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“Valatile vrganic componndy (VOCS) are desoribed by the United Nattons Economic Comnnirsion
Jor Enrope av “ail organic componnds of andhropagenic nalwre other than methane thal are capabi
of producng phofochemical mcidanis By reactions with axgdes of wittogen in e peeresce of oenfeht”
Mart VOCY do wot scenr in appreciabie enanb concenirations in the abmoiphere o coustitute o
Bealth rvk, bl the ones thal do are bepgine, alfebydes, 13-bufadene, u-booane, and some
chlorinated Iydrocarbens. Vhe sowrces of Hhee VO are which exhansts, petrofeam i
eraporation from wefivemes and vebicks, and sudusires that wee selveatt such ar the paint ar
plasizeimer indwitey. Heatth effects of VOO differ from composnd fo compornd, bat in general,
Hrey baw one of the fallowing effects: carcinagenicity, pexrobehavivwral or aplwolosze. Bengene 5 o
well Enown carcrogn and bar been buked fo sngdaer of Rwkesia ar bas ¥, 3-butadienr.
Albdebydes sech as formmaldebyde bave been Enked with drvitation of lie oyel, wose, throat and spper
respiratory drars, n-Hesatte offects rerpiratory and cardiovaseiar fenclion.”

Somree: Wicking-Baird et al, 1997

The graph in Figure 24 indicates that of all the soutces of pollution, particulate pollutants
consttute 7 very small fracnon overall. However, these may form the must hazardous type

of pollutant for human health as the following quotation taken from the study shows:

“Partienlate ar pollution and wfv bealth vffate wre aisociated wth complaints af the respimtory
systerm. Mare specifically reseascherr bave shonw that partteslafer arv fnked o increased wrortakify
anid an mmirvese i the bastiial admistions for rerpiratory and tandie vascilay e tivs.

Frthamore pertioiater are agtacdated with malagenie aclivity ahich in fem indicaloy their canser
canising polentiol. Tn many countries the priprary bealth staard for paticelaies iv PMI6, which
regers fo pariicls of avvodyname diamieler lew foant 1iham.

P hiy standard was chosen oF rehreseriing ihe parkionlate sive (hat bas the patentiul ta pengtrate the
apper airways of Hie reshiralory syvicni

PM I can be maeboeliviced info thrve caleporses, baved on e petbuds of formation of partich:.

® INuckation Mode Particler (10) - 200 panametres) swhich are farmed by the condensation of hot
gaser. The raffa af the nwmwber of pariicles fo e fofal mavr of particlr i this made & bigh, and
harse a short Gietime in the atmosphere.

® (i} Accmudation Mode Particks (0.2 - 2 mivronr) which are formed by the coamelation and
aowth of Nuckation Made Particles. Thete bave a long atmoipherze jijetime and make a) fhe
btk of the wimoipherc airborne pastices. These are alta primanily asvecialed with comissions from
CORR DI STIBH SONFER,

® i) Coarre Mode Parfichs (2-10 wicrons) which are mechanivally gevereted cnd bave o un?
atmgihberie leiime due o their biph deposition rate. Relatioe fa the Naclealion Made, the vatia
of the warnter af partcls fo the fotal wiavs of the coarie mode 15 low.

"Uhiese three caicgories ary, bowewer, yererally simpiified (o a marse fracion (2.5 2 W microns) and
a fine fraction (kss the 2.5 microns). Couree particls ave associated with parbodate depasifon in
the bronchial reston winle fine mede particies are depostied frrther wtip he respuratory systens
resaiting & fheir slower clearanice fioan the fatp,
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This had lead to reparats rercarch into the bealth effeas of the fime mode and cwarse mode of
particitlates. Rescarchers have thown that PM2.5 bar a mudh tronger corvelaiton fo bealth sffects
ihan LM, f1 i postutated ihat thiv v dae Lo the greaer penelration inio the lang: the fad thet fine
particer radily snfiltrare baildings cawie indovr and vuidour ferels (o be stmilar and this expossre
timres domger; amd the larger mamber af pavticks wr the fome swode wray effect the abalily of fhe
trspiratary syiéem fo dear onf We particles efficienthy.”’

Seource: Wicking-Baicd et pl, 1997

Figure 23 showed that the study found that motor vehicles account for at least 63% of all
particulate pollutanis. In Fipure 24 1t appeared that petrol vehicles contrnbute by far the
sreatest volames of Nitrous pollutants and Volaole Chganic Compounds. Crverall then, it
can be said with some confidence that motor vehicles i general are the largest polluters

the transpost seetor i Cape Town.

During congested conditons, vehicles tend to burn more fucl and emissions teod to
increase. This, is due to the constant acceletation and deceleration of stop-go traffic, When
the vehicle s aceelcrating, it uses motre fuel due to the additional strain placed oo the

cngin:.'.

De Vheger, De Keukeleere and Kretzschmar (2000) conducted an investigaton into the
ervironmental cffects of didver behaviour and congeston related to passenger cars. Figure

25 highlights sme of their findings,
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Figure 25: Average measured CO2 values for calnt to normal driving behaviour umder various

traffle conditions in Brussels aod at S0kmfh.
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ligure 25 clearly demonstrates that dunng mush hour, when the preatest levels of
congestion  prevail, the levels of CO2 piven off by each test velucle are highest
Furthermare, duting congested conditions, the levels of all typed of pollutants given off
during the jourmney meareases, Figure 26 illustrates the findings of rwo test runs, one done
dusing congested and the other uncongesred conditions, by the same vehicle, in this case «

Renault Megane, for two different route options.

Ligure 26 shows thar during congested conditions, emissions tended to be more severe.
Fipute 26 was compiled ustmyg e Yheger, e Keoukeleere and Kretzschimar's (2000) vahpes,
and lusteates this Anding.

Analyais of vehicle smivwions for woe moutes during diferent traffic conditians

8 b Hewma
(W35 by Songasrd
!H 10 ks Hnnal
"W A0 I Congested

QranTs aver rowte kngth

O m HT (A} K2 !
EmissHin type

Figure 26: Analysis of vehicle emissions for two routes during differens oraffic conditions

'Lhe toute characteristics clearly influences the emissions produced by the vehicle, In die
example, the shorter route (30 km - blue) resulted in higher emissions in both congested
and uncemgested condinons. This once apain dlustrates that different levels of engme
loadings result in different emissions profiles,

Figure 27 and Figure 28 were taken from 2 study conducted by Kean, Harlev, and Kendall
(2003). 'The study shows CO and NO= emissions as 2 functon of the specific power being

put out by the engine.

=
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Figure 27: CO emission factors plotied versus specific power.
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Fipure 28: N emission faciors plotred vs specific power.

August 2006

The fisures show that as the enpine cutpul increases, so the mte of emission Increascs.

This indicates that duning congested penods, when vehicles are repeatedly acceleranny and

decelerating, the overall level of vehicular emmissions increases.

The primaty quustion that needs w0 be answeted i3 of cousse, by how much. Tf these

creases can be mscertained, an atrempt to guantify and monetise the values we dedve can

be made,

Previously, 1t was shown by mampulanng the data from the smdy done by Lransport

Canada {2006) that etnissions accounted for approximately three percent of the total cost

of incident-induced congestion caused by toad accidents where speed was the primary

- 63 -
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causal factor (see page 54). This was corroborated to a certain extent by an analysis of data
produced in a0 American stady done by Shrank and Tomax of Texas A&M University
(2005). The Amencan study did not explicitly comsider emissions, but the correlation
between the data sets was very strong and it was inferred that the three percent value for

ermisgions was included in the value for tme delay.

According to this estimation, sl using the same basis for caleulaton 2s was used t©
estimate the cost of the addinonal time delay due to accdent induced congestion, where
the accident was as a tesull of excesstve speed, the emissions cost age between
R5 083 426 (00 and Rb (96 480 000 for speeding and approximately R2 529 000 for
incident induced congestion due to incidents where the main conttibuting factor was
excessve speedl.

) Emissions costs
Operating costs

{=3/7*0perating costs)

Low estimate for
costs due to £11 861 329 000 R& 083 426 000

speeding
High estirmate for
costs due to Rl4 225 122 000 R & O%6 480 000

speading
Costs due to
incident-induced RS 902 000 R2 529 000

cangestion

Tahie 27; Cost of yvehicular emissions

Estimanng the cost of emissions is a very complex task primanly because the emissions
themselves have & very wide range of influence on nature, health and human activities. It
would seem that, exhinstive though the lteramire on this sabject may be, some of the
negattve unpacts of emissions in geteral becomes trivial even on the larpest scale, and thus
including them unless in the most thorough of reviews would oot be very meaningful. At
the puired down level under consuderation here, that of additional vehicular only emissions
Lecause of inadent indaced congeston where the inadents (road aceidents) were as 2
direct resulr of excessive speed, many of the effects vehicular of emissions becomes very

insignificant,

-



An Evalyation of the Banefits of Intaligent Speed Adaptation for South Afrlca August 2006

Congderng that the previously examined smudies in this report have yielded the resule that
pollution due to congestion accounts for only 3% of the total costs of congesnom, an
extensive review of this aspect of congesnon was considered vnnecessary within the scope

of this rcpm-r.

Hnweve]:, Pmdenc.e dictates that ndL‘LILI.ﬂTE. consideration i ;._l;i\-'::n i owder to x-'ul‘if}-' these
previous tesults. To this cad. a very comprehensive study undereaken by Delucch (1998),
from the Insttute of Transporiaon Stmudies ar the Lniversity of Califormia i Davis,

Califorma, was reviewed and analysed.

Delnechi (1998) evaluated the effects of vehicular emmssions 10 their entirery, consideging
both the direct and the indirect emissions cansed by motor vehicles. The indirect or
“opstream” emissions inchude emissions, such as those frot petroleum refinenes, road
dust, cmissions from the servicing of motor vehidles, emissions from roed construchion
and the like. Since the study was evaluating the effeers of motor vehicke vsce in general, it
included costs such as those generated by ot spills from tankers on route to deliver crude

ol 0 be used 10 the manufacture of fucl for motor vehicles,

As indieated previously, the scope of this investigation does not necessarily warant the
melnsion of such an exhauvstive analysis, simply becanse T5A rmay not be able to notipate
these effects m_:in}-' significant degree It is, therefore, necessary to discern which of these
negative effecis of vehicular amissions 15A might have any sipnificant effect on, These will
then be guantfied and monetised and the results compared o what was denved
previousty. Delucchi's (1998) fndings are oudined in Appendix 5, 15 summansed in Table
28, 'I'he most burning yuesiion i how do these values apply to the South African sitgation.
The conversion of these values is not necessarily as simplistic as doing a quick conversion
from 1991 LS dollars 1o 2005 South Afrean Rands. However, Table 28 provides an

mdicatdon of what that calculation would yield.
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) Low {ZAR High {ZAR
Lows High

2005)  2005)

Air pollution: human mortality and morbidity due o

- particulate emissions from vehicles 16.7 256.4 83.66 1334.5%

” Air pollution: human mortality and morbidity due to
all other pollutants from vehicles 2.3 7 LR 11.52 B5 67

o Air pollution: human mortality and morbidity, due to
all pollutants from upstream processes Wi 13 11.52 65.13

1 Air pollution: human mortality and morbidity from
road dust 3 153.5 15.03 769,00
Alr pollution: loss of visibility, due to all pollutants

2 attributable to motor vehices 3.6 274 158.04 127.27
Air pollutlon: damage to agricultural crops, due to

3 czone attrbutable to motor vehicles 2.3 5.7 16.53 2856
Air pollution: damages to materials, due to all

4 pollutants atiributable o motor vehicles 1 8 5.01 40.08
Air pollution; damage to forests, due to all pollutants

= attrlbutable to motor vehicles 0.2 2 1.00 10.02
Climate change due to lifecycle emissions of
greenhouse gases (U, 5, damages only) 0 3.5 0.00 17.53
Noise from metor vehicles 0.5 I 2.50 75.15
Water pollution: health and environmental effects of

& leaking maotor-fuel storage anks 0.1 0.5 0.50 2.50
Water pollution: environmental and economic

& impacts of large oil spllls 0.2 4] L.00 2.50
Water pollution: urban runcff polluted by oll from

10 miotor vehicles 0.1 0.5 0.50 2.50

Total 33.3 513.1 166.82 2570.50

Table 28: Deluechi's cost summary converted inte billions of 2006 ZAR

The A5 SUMPHONS made i Table 28 are that m 191 the Rand Dallar exchange rate was
R2.8% to the dollar and that the average consumer prir_‘c ttflaten index from 19971 o 2008

was four ]‘JE!'{:E‘.I’IL
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in vrder to make the values slightly more tealistic or relevant 1o the South African conrext,
we can apply a factor to them chat relates to the differences between the L'SA and South

Afrca.

Iz lable 30, a series of factors have been apphed to the onginal values in Table 29, The
first 15 the current South African GIOP as a fuction of the LIS GII1. The second is the
current estmared vehicle populaton in South Aften as a fracoon of the vehicle population
in the US. 'L'he third is the total estmated annval fuel comsumpton i South Africa as a
fraction of the fuel consumed in the US, and the fourth is the estimated populaton of
South Africa as a fraction of the populanion of the 'S, ‘Lhe respective values used mn each
scetrrio and the resultant factors applied are given below.

_ Vehicle _ Fuel
GDR (5) Population

Population consumption {1}

2.8087E+10

us 1.175E413%  248984865.8™ 205734,139°'  1.78E+11™
RSA/MIS  0.041821277  0.027614711  0.14994555 0.1577836

Table 29: Conversion Factors

In Tahle 30 the factors denived m Tuble 29 are applicd to the Lotals Ysted ' Table 28

i bt Swrwewr i gro b publicaions ¢ factboob /s keaede 2000 ranbobrol

5 see Table 14

¥ hrpe/ Py oo cia/ pebili catigans factbook rankerder /211 9rank wml

¥ e wrwes celfonumuseg Sratnca b assunpiion: one Tarrel bolds 42 08 pallons Tstandand emde ol Lazzed)

* hiyped Fmerae i hchnancions.comy peme (s 2 himl - values adjusted gy 2005 by applying an sesamed 2% growth rate
e wewns mfoplease comy ipa AOG4T27 him]

&
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Augusk 000G

ariginal Val's GDP Veh Pop Pop Fucl Cans

iow High fow High Low High Low High Low High
la B3.56 1334.59 3.5 55.81 2.31 3685 1254 200.17 13.2 210,59
ib 11,52 85670 0as 358 032 203 1375 1285 182 1352
1c FiE  5hIF 0048 22 mER 18 13 ai? bal JiER
1d 15.03 769 063 3216 042 2129 225 115.3F 237 12134
2 ig.0¢ 13727 05 574 0.5 379 27 2058 285 2166
3 ie.52 2856 069 118 046 079 248 428 261 451
4 5.0 4008 0.21 ifef 044 111 075 601 ©.79 632
5 i 1002 004 042 002 028 015 1.5 Die  1.5E
3] 1] 1?52 0 073 © 048 O 2.63 0 ST
7 45 RS Gkl 304 DE c0E S0SE PRGNS 11EE
g 15 25 002 01 001 047 D08 038 008 04
2 1 25 004 01 003 007 015 038 ol 04
10 .5 25 02 01 0.01 097 008 038 008 04

le6.B2 2570.5 6.98 107.5 4.61 70.98 25.01 385.44 26.22 405.61

Table 30; Adjusted totals for pollotion costs (hillinns of 2006 ZAR,

Chartng the resalts yields the followmmgs:

Estimates of Pollutlon Coste In South Africa Adjusted par Faclor

Billlors o Rande

Vuh Fap |
Factar Appled

Figure M: Estimates of Pollution Costs in South Africa Adjusicd per Faetor

G -



A Evaluation of the Benefits of Intzligent Spesd Adaptalion for South Aftica Algust 2006

Figure 29 indicates that there arc relabvely seeonp relationships between G and Vehicle
Populanon and between Population and Fuel Consampnon respectively. Howeser, no
further conclusive relatonships can be drawn beyond this. The only result that can be said
to have been found is that the environmenral costs of pollunion duc o the use of ranges

herween 461 bilhon and B405 hilion,

These figures are for the emvieonmental costs of the totul specttum of use of motor
vehicles 1n South Africa. However, we are primarily concemed with two facets of motor
vehicles use in this report. ‘These are speeding and the additonal congestion resultng from
accidents caused by speeding vehicles. The premuse is that, should ISA be implemented n
South Africa, then it holds the porennal to eliminute these sources of pollution This

guantity is of ntcrest here,

It was previousty derermined that on UK and Auvstralian roads, between 20 and 56 of
vehicles iravel above the speed limit, and the Austaban study showed that of these,
berwveen four and 11% exceeded the speed hout by more than 10km/h. ‘the UK smdy
found that an average of 15% of cars and hght delvery vehicles mravelled above 10mph
over the speed limut. [t was concluded by both smdies thar the icidence of speeding varied
with the category of road, and both studies found that the prevalence of speeding mcreused
the higher order L

It was also found that 15A had the potental to deercase speeds by berween four and 13%,
and Adaptive Crinise Control (ACCY tvpe [SA could lower all specds o below the speed
linit, as s shown in Figures 30 and 31 taken from o thal conducted in Titburyg {Besscling

and can Boxrel ZIK3),

W S section 2 2.2 Fucl consam prion

st =
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Figure 30: Speeds prior to the implementation of ISA
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Figore 31: Speeds after the implementation of 154

The ﬁgures cle.ar]:; Wlastrate the dratmatc pt:tunﬁal 15A has for hm-'etiﬂg Spe&ds ol fosad

A study completed by E.H. Pechan & Assocates, Inc, (1997) investigated the effect on
emissions of increasing the speed linit on oads in the USA from S5mph to 65mph. 'the
study found that increasing the specd lioit by 10mph would lead to an merease of six
pereent n NOx crmissions, two porcent in VOO emissions and  seven percent i (0
emissions, For the averape vehicle, CO accounts for 35 o % of the enussions bulk,

VOUC's make up berween five and seven percent and N(Ys betwoeon three and five percent,

ST
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So for every 100 grams of ctmissions at S5mph, these increases correspond 1o a five gram
for five pevcent) merease n emissions bulk. It stands to reason therefore, that a 10mph

speed decrease would result in a five percent suving in epissions.

Cousdering that the maority of road users speeding, are mravellng ar under 10mph
(t16km/h) over the specd hiit, it would be reasonable 1o assume that should all road
users speeding be forced to mavel ar or below the speed limie, there weould also be a five

pervent emissions saving for that proportion of road uscrs.

Using the range of speedors discussed previously of between 20 and 50%, “Lable 31 can be

reterated:

Percentage motorists  potential emissions saving

speading {0}
20 1.04
50 2.56

Tahle 31: Peleniial eniissions savings assuming u five pereent decrease in bulk emissions per vehicle

Applving these petcentages to the resulrs obramed from Delucchi’s (1998) stady yviglds the

following fimdings:
Yometorists potential %o Celucchi  Delucchi
speeding emissions saving min max
20 1.04 0.048021  4.21875
50 2.56 0.118205 10.38462

Tahle 32: Potential emissions savings applied to Delucchi's (1998) results In billloans of ZAR

Table 32 shows that the range of possible savings from lowered emissions as a result of
lowered avetage spreds could be between R48 million and R10.4 billion annually. This is
still a large range of values, buat ic reflects the large vanety of inputs and faciors that goyvemn

ermissions and pollodon cansod by automobiles.

-
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R Infrastructure Costs
3.5.1. The Cost of Speed Enforcement

The cost of enforcing the speed lmits can be broken dows inte a number of catepories.

‘These are:

¢ Infrastructural costs such as traffic calming projects and devices, speed cameras,
stgnage atd the mamtenance and operational costs of these.

s lhe deployment costs of the law officuls who carry owt the duties reluted the
enforcement of speed restizctions, and the admimstative costs of that portion of the
traffic service devoted 1o spred restriction enforcement.

¢ The administrative costs assoctated with the processing and 1sswing of fines as well as
the costs of any outsourced service providers involved in the administration of this
sefvice.

¢ The costs associated with the legal and junstic systems put in place 1o deal with non-
payments of fines, the issuing of subpoenas, and the court and related criminal

}&mcf:dun:s rs,q:.d.r&d o convict offenders

Quantifying these costs 15 complicated by the diversity of the various National, Prosicial
and Mumcipai lje]mtu:m:n!:s involved in the delivery and funding of the vanous aspects of
traffic enforcement. Furthermore, these costs often form patt of latper hudpetary
allocatons am':l informaton fegarding their precise amounts is thetefore not readily

avaitable,

However, the average provinaal budgetary allocation tor road tratfic management is on the
order of R250 milblon annually (therefore, the fipure nationally would be approximmarely
R2,25 billion}. Of the 525 000 nobices issued during phase 2 of the Arrive Alive Campaign
held Fehruary 1998 to April 1998, approamatdy 299 000 (57%) were for speeding’.

[Data issued hy the Read maffic Management Corporanen (RTMC) in their 2005 Road

Trathie Report yielded the mformation presented in “Lable 3%

4 htrpef Swwewrran sperrt gy S poojects / ardve S oloser homl

" 5
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Number of GA K2 W EC MP
Roadblocks 0 1,314 148 100
Vehicles stopped 18,830 187,468 1,678 0 12,199
Alcohol prosecutions 156 B35 53 173 56
Vehicle defects 235,000 8784 615 i 1,334
Wehicles suspended 0 649 s 271 119
Documentation (8] 5313 25 4] 0
Overloading 0 1,065 S98 9] 131
Generdl apergtions 0 6,991 0 g ]
Speed 260,223 32,70b 2,141 4,008 3,560
Moving violations 9} 2,745 443 0 EEC
Other offences 4] 2,396 183 a 12,002

Table 33: RTMC traffic offences for 2005

August 2006

W NC

RSA

102 62 1,727
23521 10,830 246,524
34 i 1,007
2,088 155 251,976
140 14 1,232

o 226 5,564

") 2,236

0 6,591 13582
652 304,298 608596

0 26 3,773
116,617 1,727 132,925

Although the Free State and Limpopo provinces did not forward any data in nme for

publicarion of the report, the informarion stlt provides some vseful insights i the

proportions of raffic Anes issued nationally. The chart below is based on the data

ptesemuj in Table 33

1 Wowmg vlolElans
: 0257 %

Cner afences

1047 0% Rzl

[ 1 34%.

I
Grneia opevelions_ s ( \_ _ Walidas mapended
1.101% |I-'I|l LY 0.097%
Cwerloading_ [ Y DCerrnenalion
T17E% 0. 436%:

Frovincial law enforcement cperaticns: Dacember2005

il Cvernacing

O Gameral openaliens
W Sprad

B Mzving vialetans
O Crinar Hffencas

‘wahdas Sopped
19.418%

Akzohe| prosecufons
0-O7TE%

Figure 32: Provincial law enforcement operations: Decomber 2005

Figure 32 clearly shows that nearly 50% of the violations recorded during December 2005
were for speeding. This value 1s similar to that reported by Arrive Alive. The implicarion is

gl
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that as the majority of fines issued is for speeding, the majority of time and money spent in
enforcing and administering road traffic goes towards monitoring speed. Although it is a
crade assessment of the expenses towards law enforcement, without any further
information, the best estimate that can be made based upon the information at hand is that
by eliminating speeding, ISA could potentially save R1.125 hillion of public funds devoted

to traffic law enforcement annually.

This figure would account for time spent by all personnel and all moneys spent on the
administration, equipment and plant used in enforcing the speed limits.

3.5.2. The Cost of Infrastructure

The cost of infrastructure not included in the cost of speed enforcement discussed
previously in section 3.5.1, but still employed in the enforcement of speed, includes

physical infrastructure such as speed camera’s and traffic calming measures.

These improvements have been kept apart from the other costs of enforcement discussed
in section 3.5.1 because they constitute permanent road fixtures and upgrades as opposed
to ongoing expenses to deliver the service.

A cost benefit analys:s undertaken on behalf of the UK Home Office Police Research
Group by Andrew Hooke, Jim Knox and David Portas in 1996 found that speed camera’s

cost £12,500 per site and that there was an recutrent annual cost of £8,500 per site.

In June 1996, a British Pound cost approximately R6,71, and so the conversion indicates
that these devices cost approximately R83 875 per site with an annual cost of R57 035 per
site. Using An average inflation of 11% over the period 1996 to 2006, these values would
have increases to approximately R265 000 for installation and R180 000 for ongoing
maintenance. Although these values seem very large, a quick calculation shows that any
patticular site only has to generate one fine a day to cover its recutrent costs (assuming that
the average speeding ticket costs R500).

It was not possible to source reliable data as to the number of speed camera’s cutrently
operating in South Africa, and so it is not possible to determine what potential savings ISA
could offer the authorities in terms of the installation and continual maintenance of these

sites.
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Similarly, the cost of traffic calming vaties from country to country, from city to city, and
even from project to project. Traffic calming devices such as speed humps can range in
cost from R5000 to R15 000, and a traffic citcle or a roundabout can cost in excess of
R200 000 (even up to R1 000 000). Another factor is that traffic calming is often
implemented as a package of measures, designed to lower speed and address excessive
traffic volumes. This affects the price of the individual devices as the package cost is often
lower than the individual device.

It was also not possible to ascertain the scope of traffic calming projects cutrently
underway in South Africa, and so it is difficult to speculate as to annual expenditure on

traffic calming.

However, full implementation of ACC type ISA would eliminate the need for traffic
calming measures. It has also been noted in much of the literature, that traffic calming
devices incorporating vertical deflections increase wear on vehicles, they increase ambient
noise due to the repeated acceleration and deceleration cycles they introduce, they increase
emissions levels due to the repeated acceleration they introduce and they create difficulties
for larger vehicles such as busses and trucks.

This last point has seen traffic calming devices mostly excluded from higher order roads
such as collectors and distributors. The irony is that the majority of accidents occur on
these roads, whlch often fall within a 5 to 10 minute radius from the journey origin. This is
often cited as being the most dangerous time for a motorist, as this is when accidents are

most likely to occur.

The major benefit of ISA is that it will not be constrained in this manner, and the severity
of the speed restriction can easily be lessened further up the road hierarchy to suit
conditions. This is in contrast to physical alterations to the road, which are very difficult to
engineer for a certain speed, and even if installed correctly, does not guarantee that it will
be used optimally by the passing motorist.

Traffic calming measures also increase the cost of maintenance on roads due to the
complexity they add to construction techniques. Resurfacing a road with speed bumps or
speed tables is more expensive and to make matters worse, these pavements suffer

increased loads due to the increased acceleration and deceleration cycles they experience.
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Fortunately, on the majority of roads where calming measures have been introduced this is
not problematic as they mostly carry light passenger vehicles.

36 Resume

In the literature review, we considered the effects of speed in relation to safety, operating
costs and the environment. It was accepted that ISA is a speed reduction measure, and so
any of its benefits could be quantified by determining firstly to what extent ISA would
affect vehicle speeds, and secondly what the effects of speed are. A simple calculation
would then yield reasonable estimates for the effects of ISA.

Some of the findings are listed below:

e Thete is a direct link between speed and the incidence of road accidents.
® There is a direct link between speed and the severity of road accidents.

® Speed limits are effective in increasing or decreasing the travelled speeds on a road.

It can be concluded from the above three points that speed limits play an important role in
regulating the incidence and severity of road accidents. Moteovet, improving the adherence
to speed limits would greatly improve the efficacy of speed limits.

ISA by its very nature is aimed at improving adherence to posted speed limits, and so it can
be said with séme degree of confidence that ISA would have a direct influence on the

incidence and the severity of road accidents.

An attempt was made to estimate the value of this benefit to South Africa. It was found
that, when a road accident occurs, the costs created are borne by a range of parties, and
that in general, the costs borne by society as a whole outweighs the costs borne by the
individual.

An initial estimate for the total annual cost of road accidents as a result of speed was
calculated by using the N.D.o.T. (National Department of Transpott) assertion that speed
is the primary causal factor of 30% of road accidents, and applying it to the C.SILR’s
estimation that road accidents cost the country approximately R38 billion per year. This
calculation yielded a result of R11.4 billion. It is a crude estimate, but useful in that it gives
us some sense of the magnitude of the problem.
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A further estimate was derived by considering the findings of a study conducted by
Reynolds (1956) in the United Kingdom during the early 1950’s. It was accepted from the
outset that the actual values derived by Reynolds would be of little relevance today, but
that the method he used to arrive at those figures might be of value.

Reynolds considered the following as contributing to the costs of road accidents:

e Damage to propetty;

e Medical costs associated with the treatment of casualties;

o Administrative insurance costs which can be ascribed to the occutrence of accidents;
and

® The net reduction in output of goods and service due to the loss of output from

people who have been killed

In addition, Reynolds mentions a set of costs that he claims cannot be measured or
estimated accurately, but that does contribute to the overall costs of road accidents:

e Administrative costs due to the occurrence of accidents, incurred by the police, the
government and lawyers. These cannot be separated from the cost incurred during
the performance of their other duties.

® The economic effects of a smaller population: With the existence of road accidents
the popula‘ti"on of Great Britain will be slightly smaller and of a shightly different
age/sex occupational structure.

e The effect of transfers of income within the community: With the occurrence of
accidents, income is transferred from the rest of the community in compensation to
those who suffer loss from the accidents, without any necessary change in the
resources at the disposal of the community. It is impossible to estimate this change.

The proportions of the values derived by Reynolds was considered and it was found that
the immediate costs of road accidents (those costs that cannot be attributed to a loss of
output of injured or deceased peoples) accounts for approximately 50% of the total costs

of road accidents.
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It was also noted that the RAF (Road Accadent Fund), set up by the South Afmcan
government and funded by levies ncorporated mro the {uel price. settled approxmately
B35 hillion worth of daims during the 2004/2005 finandal vear,

A further estimate was made by combimnng the assertion made by the spokesperson for the
Automobile Assodation of South Africa. Mr Gary Ronald, that fatal accidents costs the
country apptoximately R4 000 each with the number of fatalities om Sourh Afncan
Roads as given by the CSIR of 11 616, This yielded a0 annual value of R3 622 144 000

after accounting for infladonary effects.

Anothet estimate, the costs per accident and per mjury, derived from values for New

Zealand given in a paper by Barnett ot al {1998) is given below:

Fatal Serious Minor
Accident R9 770 B16.62 EBE3 501.37 R&1 522.65
Injury RE 234 570.49 R706 cid.41 R4S 868.96

1lhese values have been converted to Rands and ncorporutes mflationary effeers and
currency fuctuations, When further combined with N30T accident stutistics the values for

1998 are as followrs:

Killed Seriously injured  Slightly injured

Mumber of cases aNes 362496 B4358
Cost per injury R 6,016,920 R 516,306 R 33,516
Totals R 54,561,430,560.00 R 18,714.027,276.00 R 2,827,342, 728.00

Swnming the totals gives a figure of ® 76, 1028000564 000 Applying the NDaoT's estimare
that specd accounts for aspproximately 30% af road scordents welds a valve of K
23,367,600, 188.00. "1 his value diffets sigmficantly from the initial estimate as denved from
the CSIR and the NDo'l"s statstics of R 11,400,000,000.00. This vy be due to the the
scope of factors included 1into the assessment, bot it is impossible to verify without further

information as to the scope of the N12oT s study.
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It was noted that aone of the estimates mcluded costs inourred because of incident-
mduced congcsric‘m. This was covered m a later section. The cost of acadent-induced

congestion was found t be dependent upon a number of faciors. Amongst these are:

¢  The costs associated with ome delay due to congestion
e The additional fuet consumed due to congestion
¢ ‘the addinonal operanng costs due fo congestion

¢ The additional environmental costs dae to the coagestion

An Investganon was dene b these costs,

The first exercise was to detenmine the extent of incident induced congeston delav, Two
types of delay were considered. These were congestnon near the incddent in the same lane
or camtageway and congesdon in the opposing lane or carmageway because of

“rubhumcddng“.

Results from two American studics were combined with South Afdean acddent statsaces
o estimaie the extent of delay locally. A result of 241 Y72 920 vchicle hours anmally was

amived at. A further finding was thar “rubbernceking” accounted for 2% of the total delay.

A further calculation, an extrapolation of Canadian and American data, showed that the
total costs of ame delay could ameunt to avound R75 841 715 annually. If this value 1s
combined with the total number of vehicle hours, this would equate to approximartely

RiL26 per velurle hour

Two values for the possible fuel comsumption savines resulting from an cradication of
speeding on roads due o the mplanmoon of ISA were found, The Arst was caleulared
based wpon a 11/ 100km reduchon in consumption resulting in an annual saving of 164
UG7 (06 litres of fucl per vear. 1his translates ©o a value of B1 094 575 600 at a fuel price of
B6.80 per lire. A second walve was caleculated based upon an 8% reduction in

consumption. The resultant saving was R7 180 415 936 per vear.

The cost of the additonal fuel comsumed as a result of madent induced congestion
because of acadents caused by excessive speed was calealared at RS 584 77400 per year.
This was for a petroleum price of R5, Y} per litre as of the 2005,

TG
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The additional maintenance costs of vehicles becavse of incident-induced delay was
derved from National Department of Transport figures and calenlated as a perecentage of
the fuel costs. The Andings are shown in the table below:

Servicing and repair  Tyre Costs (%o of Total cost {c/km)

costs (9% of fuel fuel costs)
costs)
Petrol Vehicles 44,47 20.19 B2.68
Diesel Yehicles 69.03 28.11 g3.85

These oosts wete found to nerease the fuel costs by 64.7% banging the total operating
costs ter RS 902 65897,

A simitar caleulation was applied o the fuel savings dedved from the eradieation of
Rpucd.iﬂg vehicles: The n]-:erational cOsts savings were found o be benveen R11 861 324
084 and R14 225 122 014,

An in-depth look mto the reluionship between vehicle speed and the effects on the
envircment was undertaken. This was done so ag to determmine to whar extent 154 would

either benefit ar worsen the effect of autumohiles on the emvironmoenr.

The question that needed to be answered was, accepung that ISA, even 1n its most severe
application. cobld not chminate vehicular emissions and palluiion entirely, how would the

clinunation of speeding translate into a decrease in overall vehionlar emissions?

An nitigl estimation, based upon the cost ratio’s derived from studies done by Fransport
Canada and Shrank and Lomax of Texas A&M University, yiclded a cost of R2 529 724 for
thi environmental costs of incdent ndoced congestion, where the primary canse of the
incident was cxcessive speed A further findimg was that the possible savings from the
implementation of ISA due to reduction n average travelling speed was between RS 083
426 75 and R6 096 450) Bo1.

A very compreheosive study by Dolucchi o al (see Appendix &) was also considercd. The
study addresses a very wide range of the generalised mpacts of antomaobile usage in the
USA on the environment, and attempts to present iis fimlings in US dollars. The results are
presented as a tange of values from fow o high. An atempt was made to apply these

finddings 1o the Soprh Africen context. After the applieaon of vanous factors specifically
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derved for this report, the findmg was that the cost of automebile usage in South Africa

on the environment tanged hetween R4AG1 billion and R405 hithion.

The potental savings resulong from the mtroducton of I54 was presented for owo cascs.
The first case assumed that 20% of motonsts travelled in excess of the speed limit and the
second case assumed that 504 of motonists travelled in excess of the speed limit. For cach
cast, the calculations were done for the low and hgh range of the fndings from Delucch’s

study, The results are presonted Lycbow:

eomotorists Delucchi  Delucchi

potential o

2missipns saving min max

speeding

20 1.04 0.048021  4.21875
50 2.56 0118205 10.38462

The potential savings was caleulated to be between R48 milkon and R1044 billion annually.

The cost of nfrastructure was considered from bwo perspectives. Firstly, the cost of the
admimistrative, manpowetr and institutional infrastucrure devoted w0 enforang adherence
ta the speed linuts, and secondly, the cost of the physical infrastricture nstalled 1o entorce

the speed limats,

It was found 13]1_;1'r neatly 50% of resources devoted to mraffic management went towards
enforcing the speed limits. This fndmg was made based upon the proportion of fines
issued for rraffic offences. 1us Anding transhted into a cost of R1,125 hillion annually

spent on enforcing the posted speed limits.

The scope of the physical infrastructure pur in place 10 enforce speed limits was limited to
speed cameras and traffic caliming measures. It was not possihle to determine the extent of
the infrastrucrure that has been dnstalled or is currently being installed. However, it was
cstimated that a speed camera costs approximately R265 000 to install and RI180 00U

annually to operate and maintain.

Table 34 surmmanses the findings of the hterature reporr:

A
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Category

Road Accidents

Time Delay

Oiperating costs

Environmental
Costs

Infrastructural
Costs

Total Patential

Savings

Cost Etem

Cost of mad acddents caused by excessive speed

Coste of time delay as a result of acddents caused
by excessive speed

The additional vehicke operating costs because of
inddent-induced delay caused by incidents resulting
from excessive speed

The additional vehide operating costs as a result of
speeding

The cost of damages to the environment because of
incident-induced delay caused by incidents resulting

from excessive speed

The cost of damages to the environment because of
the additional pollutants resulting from excessive
speed

The cost of the enforcement of spead limits
The cost of infrastructure installed to enforce the
speed limit

Maximium

Mintmum

August 2006

Value Range

R11 400 000 00D
R5 622 144 000

R25 367 600 000

R75 891 000

RS 902 000

R11 861 329 000
K14 225 122 000

R2 52% 000

F.5 083 426 000
R6 096 480 (00
R4s 000 000
R13 400 000 000
R1 125 000 000

unknown

R51 202 046 00U
R13 740 797 000

Table 34 Summary of potential aumual cost savings offered by [SA

It was nol pussible to determine values for the cost of mfrasoructare mstalled o enfores

the speed limit.

As can be seen, there is a range of possible totals presented for certain of the cost sectors.

The charts below present the masimum and muinimum combinations of savings as per the

mble above. The maximum savings that can be achieved by implemennng [SA m South
Afrca was caloulated as R51 202 046 00t and the mintmum savings as R18 740 797 000,

The charts show that under both scenano’s, the addinonal cost operating costs as a resule

of speeding and the cost of road accidents are the greatest contributors to the total

p::h_'mial s;lvings I5A comdd offer. Tt :gi_'l'_h.l_'r tht_‘}' conttibute 93.3% of the ol ﬁzvings ity

the maximum savings scenario and 77.3% in the minimum savings scenarto.
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It can be concluded from this that by far the larpest cost to the country because of
speeding is duc to the increased operatng costs of vehicles and due to accidents caused by

speeding motorsts.

I olgi Savings = R51 202 346 200

BoE T e acoenis r'.a-:wﬂ‘n'-,'m:w'simnpmd
| R

D0.312% | B oms of time dolay o a el o aociderts caused
TY GNCEEE Vi Hoe
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w10 Bpesing

W Thi 2Bl 0 GAFB0AE 1) MG @varmnTert boomse |
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Figmre 33: Maximmwm saving scenario

Tocal Saviras = K18 A0 2467 000
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4. CONCLUSIONS

The stated aim of this dissertation was to find, list, quantify, and where possible, provide
monetaty estimates of all of the benefits that Intelligent Speed Adaptation (ISA) might
hold for South Africa. The conclusions listed hete are, therefore, a distillation of the
findings and a summation of the monetary values of those benefits that were identified.

1. Various forms of ISA can be implemented, each with its own set of advantages and
disadvantages. Since ISA can only affect the vehicles speed, the maximum benefit
that ISA can achieve is to lower speeds to the posted speed limit. Inappropriate
speeds below the speed limit cannot be regulated, and in these cases, amending the
limits to mote appropriate levels is the only solution.

2. The different types or levels of ISA have been found to have differing levels of
influence on vehicle speeds. Additionally, the efficacy of ISA has been shown to
vary with the rate of ISA penetration into the vehicle fleet. The maximum benefit
that could possibly be detived from ISA would therefore be achieved on a network
with 100% penetration of the most intrusive form of ISA, this being fuel regulating
or ACC type ISA systems.

3. User acceptance of ISA increases with exposure to the system. Acceptance,
howev:;x, decreases with the level of intrusiveness into driver control. Thete is also
evidence to suggest that the public is at least open to the concepts driving the
technology, and that through education and awareness programmes negative

opinions may be swayed regarding ISA.

4. ISA has the potential to provide savings in the direct costs of road accidents, in the
costs atttibuted to the time delay resulting from road accidents and in the
associated additional operating and environmental costs resulting from this time
delay. Further savings could be expected from the general lowering of travel speeds
to below the speed limits. These savings are ptimarily from lowered operating costs
and lowered envitonmental damages. Additionally, ISA can provide savings from
the release of resources dedicated to the enforcement of speed limits and the costs
of infrastructure directly aimed at controlling vehicle speeds.
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5. The direct costs of road accidents caused by speeding in South Africa is as much as
R26,4 billion annually. In addition, nearly 292 million vehicle hours annually are
spent in traffic congestion caused by road accidents resulting from excessive speed.
The cost of this time delay amounts to neatly R76 million annually. The additional
vehicle operating costs because of this time delay amounts nearly R6 million
annually, and the additional cost of damages to the environment is estimated to be
approximately R2.5 million annually.

In total, therefore, speeding costs South Africa neatly R26.5 billion per yeat.

6. ISA has the potential to offer South Africa substantial annual savings. The
maximum savings that can be achieved by implementing ISA in South Africa was
calculated as R51.2 billion and the minimum savings as R18.7 billion annually.

The maximum value is made up of the R26.5 billion cost attributed to road
accidents, an additional R24.6 billion in savings from lowered vehicle operating
costs and environmental damages, and a saving of at least R1.1 million annually

(conservatively) in infrastructural and enforcement costs.

7. The largest savings in both the maximum and minimum savings scenario’s are due
to the addmonal operating costs as a result of speeding and the direct cost of road
acmdents Together, these contribute between 77% and 93% of the savings
1dent1ﬁed

8. Very little research has been done to establish the potential ISA has in South
Africa. There is no data on user perceptions, or how well ISA systems would
petform in terms of actual speed reduction in South Africa. No concerted effort
has been made to establish a feasible implementation strategy fot this country.
Furthermore, the question of how ISA would fit into the policy, legal and
regulatory framework governing transportation in South Africa must still be
investigated.

The conclusions drawn in this repott have confirmed that speeding costs South Africa very
large sums of money every year. But beyond the monetary costs are those costs that cannot

be measured or costed. The wounds that speeding leaves on our society and on our
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countty go well beyond fuel consumption and enforcement costs, extending into the lives
of those disabled by speeding motorists and those who have lost loved ones.

This report confirms that ISA has the potential to eliminate much of the damage caused by
speeding. The full ramifications of the elimination of speeding cannot be fully undesstood

prior to its implementation.

_86 -



An Evaluation of the Benefits of Inteliigent Speed Adaptation for South Africa August 2006

5. RECOMMENDATIONS

The following recommendations are made in relation to the findings and conclusions that
wete drawn in this report:

1. It is recommended that ISA be implemented in South Aftica. South Africa has
excessive problems due to speeding and road accidents, as is shown by the very large
annual cost of road accidents caused by speed. Road accidents have been shown to be

one of the largest contributors to the cost of speeding in South Africa.

2. Other countries, most notably in Europe, have made great strides in developing and
understanding ISA technologies, and with the current interest in the application of
intelligent transport systems in South Africa, it is recommended that the possibilities
that ISA type technologies hold for the country are actively promoted, so that interest
in and awareness of the technology is stimulated.

3. Much still needs to be done in terms of researching the effects of this technology in
South Africa, its advantages and disadvantages and developing a sound strategy for
implementation. This scope of this report did not allow for a more thorough analysis
of the benefits of implementing ISA in South Africa, and did not include an evaluation
of the costs”of ISA. It is therefore recommended that actual field-testing of ISA
systems be; é;ne. These tests could yield data on system performances as well as user

petceptions and attitudes towards the technology.

4. It is recommended that research be done into the implications South Africa’s legal,
policy and regulatory frameworks may hold for bringing ISA to South Africa. This will
provide results that will inform any implementation strategies that may be developed.

5. 'The tesults from this study could be further refined and then form the basis of an in-
depth cost benefit analysis, that would then further be used to develop an appropriate
implementation strategy for South Africa.
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Appendix 1:

. Stuster, Z. Coffan, and 12, Warren, Yyuthoss of Safety Rosearch Related fo Speed and Speed
Masagenent, Prblication No. FHW AR 98- 134, Federal 1 lighway Admintsteion, Waningon,
DI, Jauly 1998,
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Appendix 3

6.1.1. Determination of South African Vehicle Population

The National Association of Automobile Manufacturers of South Affica (NAAMSA) provides
statistics for new vehicle sales. The following quotation was taken from their website” “During
2005, South Africa was probably the best petforming market internationally. Calendar 2005
represented another outstanding and record year for the South African new vehicle
manufacturing industry with both domestic sales and production rising to all time highs. Initial
indications are that the magnitude of 2005 sales is in the order of 565 018 - some 25,7% up on
2004. For the year 2004, NAAMSA reported sales improved by a remarkable 22,0% to reach 449
603 vehicles compated to the 368 470 units sold during 2003.” However, final vehicle sales for
2005 reached 618028

Table 1 lists the data outlined in the National Association of Automobile Manufacturers of South
Africa’s (NAAMSA) 4th quarterly report for 2002%. The values show that for 2001 the total
number of new vehicles sold was 382529. For 2002 the number of vehicles sold was 363184".

The figures quoted aﬁg')vc assert that from 2001 through 2005, the national vehicle population
increased by 2128804.new vehicles. Combining this vale with the National Department of
Transpotts value for' the national vehicle population in 2000 of 6 049 964 would bring the total
number of vehicles on South Africa’s roads at the end of 2005 to 8178768. This value, however,

does not take into account vehicle retirements or scrapping.

In the absence of reliable data for scrappage rates for South Africa, a figure of 4% per annum
was assumed to apply locally. A 2006 report* investigating the state of the US vehicle fleet
released by R. L. Polk & Co, a US based research organisation, found that during 2005 scrappage
rates had declined across vehicle types to around 3% and that the median age of the vehicle
population vatied between 9 years for cars and 6.5 years for light trucks (see figures 1 and 2).

42 http:/ /www.naamsa.co.za/
43 hitp./ [www.naamsa co.za/papers /2002 4

1L'I‘hesevalucsaremlx:ulaﬁedbytheadditionofthcrclcvanttomls for the local market, which do not include exports.

Buae ! . (D

4 http:/ /www.greencarcongress.com/2006/02/us_vehicle_flee.html
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INDUSTRY VEHICLE SALES, EXPORT AND IMPORT DATA : 1995 - 2005
1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2008
ACTUAL | ACTUAL | ACTUAL | ACTUAL | ACTUAL | ACTUAL | ACTUAL | ACTUAL | PRO] | PRO] | PROJ |
_ PASSENGER CARS
Local Sales 233512 231616 215784 174870 159944 172373 172052 163474 | 165000 170000 175000
Exports (CBU) 8976 3743 10458 18342 52347 58204 97599 1130258 126000 138000 150000
Sub-Total 242488 | 235359 | 226242 193212 12291 230577 | 269651 276499 | 291000 | 308000 | 325000 |
 CBU Imports
NAAMSA T246 18268 23978 28951 29426 51749 67008 68128 TO000 75000 85000
Non-NAAMSA 15059 23500 28000 31000 25000 10000 12500 10000 11000 12000 13000
Sub-Total 22305 41768 197 59951 54426 61749 79508 78128 81000 87000 98000
TOTAL LOCAL
MARKET 255817 | 273384 | 267762 | 234821 | 214370 | 234122 | 251560 | 241602 | 246000 | 257000 | 273000
LIGHT COMMERCIAL
VEHICLES
Domestically Produced
Local Sales 128397 129575 113992 99778 96169 105235 113111 101956 104000 108000 112000
Exports 6356 7125 8000 6806 6581 9148 10229 11699 12000 14000 20000
Sub-Total 134753 136700 121992 106584 102750 114383 123340 113655 116000 122000 132000
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INDUSTRY VEHICLE SALES, EXPORT AND IMPORT DATA ; 1995 - 2005
Countinued
1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005
ACTUAL | ACTUAL | ACTUAL | ACTUAL | ACTUAL | ACTUAL | ACTUAL | ACTUAL | PROJ EROJ EROJ |

| CBU linports

NAAMSA 2035 2791 2800 2900 3000

Non-NAAMSA 3000 3500 3762 4100 3500 3000 2500 2500 2500 2600 2700

Sub-Total 3000 3500 3762 4100 3500 3000 4535 5291 2300 5500 5700

LOCAL MARKET 131397 133075 117754 103878 99669 108235 117646 107247 109300 113500 117700

HEAVY LE

' Domestically Produced 11803 13567 12759 11511 10236 11725 12693 13705 14500 15000 16000
 Exports 432 685 1111 748 788 679 465 582 600 700 800
| Imports 950 1050 1000 1300 1500 550 630 630 630 3000 3300

MCV/HCV MARKET 12753 14617 13759 12811 11736 12275 13323 14335 15130 18000 19300

Table 1: Industry vehicle sales, export and import data: 1995 - 2005

5 hitp:/ /www.naamsa.co.za/ papers/2002_4thquarter/schedule.hitm
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Median Age of Vehidles in US Fleat
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Figure 1: Median age of vehicles in US fleet
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Vehicle Sorappage Rates
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Figore 2 : Vehicke Scrappage Rates in the USA

August 2006

If it is consideted that the average age of the fleet in South Afnica 1s generally higher than in

the 118, as can be scen in the table and figure® below, then it is fair to assume that the

scrappage tates will be lower here than there.

4 it/ fwewew transpoct oo e by A dows  staes /2008 /slatistics b rend# 24
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=) Commercial
Cars Minibuses

August 2006

vehicles
1985 7.4 6.5 Rt T k2
1936 7.8 £.9 7.8 8.9 = |
1987 8.1 Fi 8.1 9 6.8
1988 8.4 o | 8.4 9.1 7.5
1989 8.7 T 8.6 9.6 8
19490 g 3 8.9 10 8.7
15941 9.2 7.6 2 A 10.1 g5
19492 9.6 8 2.6 10.7 10.2
Table 2 Average age of vehicles in South Africa
Average Age of vehhcles in South Africa
L e = == =0 Fli—. S
104
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14965 BB 1587 19688 1369 1E30 1581 15952
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Figure 3: Averuge Age of Vehleles in South Afriea

Applnng the assumed scrappage rate of 3y per annum 1o the values obmed {from the

NAAMSA stadstics gives the following set of results:
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_ Vehicle population
Vahicle Antual
adjusted for

population vohicla salas
scrappage

317122000 £ 049 564

3122001 6 049 95 h 868 465 382 529
317122002 6231 g49 £ 044 700 363 184
31/12/2005 6413 170 6220 775 368 470
31122004 b G0 378 8 470 266 449 603
31/12/2005 7088 294 5 875 695 618 028

Table 3: BA Yeticle population adjusted for scrappage
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Appendix 4:

The UK Dapariment jor Trangport, 20005, Trangport Statistey Bufletin: | ohicle speeds in Great

Bratagn 2005

Table 1 Vehicle speeds on nen-buill-up Te20s by read type and vehicle type: Great Britain: 2085

{a) Molgrw aye’

mizs per hourfper cem mumber of vehic g

Heavy 000048 vehses®

. Higid A riculied

% BUBeL/

:F:::: Caig 1:'::1; ;I:;Ect:* l'.nil;l:hr 21 axet davie 4 arle dackes S+ arias
Under §0 mph k] ] 13 4 ] & 1 e & £
5D-60 mph ] 13 a5 14 L] 48 (-3} ar ae ar
€0-B5 mph 9 i2 14 fa 42 18 b f 1 i
E5-70 mph 13 17 ] 1é 5 1é 1 a { i
70-7% maph 16 a0 4 18 2 g ] a & g
74-A0 mph 18 7 T 18 o g o o & o
20-50 mph ip i€ g 14 ¢ 3 ] o & G
§0 mph ang gver T 3 o 3 (1] 1 - 1] G b
Spewd Emp 70 n BD 70 " nta &0 17 &9 80
% morm than 1C »

el can s g A 27 LE -1 17 o nia d [} ¢ 7}
AYBrEQE 3pEed T2 T 57 70 £ £ 54 B3 b4 b
Numbar ebserved

(‘D0de| 2536 455404 3482 LB S04 2463 27,558 2,869 1,747 & BOE 42 384
(b} Dual carniagew ays?

under 30 mph o 4] 1 & o ] ¢ o ! g
30-4C muh 1 ] 1 ] i ] P 1 i 0
40-50 mph § 3 14 3 11 1o b4 et 16 13
$0-€0 mph 15 15 51 17 a0 T3 T4 rr 7 i3
B0-£5 ewph 10 - 15 17 -] 23 t5 2 L) Z !
85-TC mph 13 i ] t8 N 1 [+ ] ' s
13-8¢ mpn 30 34 5 32 1 12 G (] o G
80 mph gnd ove 23 k| g 14 [+ 3 [ '] o o
Spoad Imk it iu B 70 80 nta 50 &0 B 50
% more than 10 : ¥

meh ovel the limit & L : ] r i % ! % !
Auprage spped T &9 65 £ 5T 50 52 6i 63 £3
Humber obeerved

{'00bs) 12 43 454 a3 4818 200 2. 141 252 &8 L1k 24594
i) Bingle caragew svws® | 2

Undar 20 mpk 2 /] 2 1] ] ' f L] i 0
20 30 mon 5 2 § 2 3 ki 5 £ g 2
30-40 mph i3 id I 14 2 108 24 25 21 13
40-50 mph 28 41 50 i1 50 47 51 ag 50 50
50-80 mph 25 CF 13 ki 23 24 18 0 21 I8
60-8% mph B i 2 B i 2 il o a ¥
85-70 mph 5 2 i 1 i [ o [} 6 o
T0 mph and over ] H i3 2 o i [ 4] 7] [t}
Speed lmi B0 f0 50 ED 60 nia 40 [} 40 40
% meore than 10 W

mih oy 1he dimi ¢ ‘ 3 2 k] a Y 20 22 25
Aversge soesd 51 4% 4d 48 48 46 42 43 44 45
Number ohserved

('0k0s ) 514 45,588 568 5.004 Fif] 2,142 33p 185 44E 2,227

VAvarage vehmle speeds fom 27 molkaraly s see

1 Awadags vah oe cpaanc rem T oual ane@gesdy e

1 hwerage 12 speeds fram 78 oo carageway altes

i JEadd vERDaE urderd P DN nEr greas weght

B Usewn verliloy ovwrd Sromees greds we ghl

® Spwec | idepends on = atiog whish e 8 n31 Ba dete s ned

i3




An Evaluation of the Benefits of Intellinent Speed Adaptation for South: Africa

August 2006

Table 4 Vehicle speeds on non-built-up roads: Great Britain, 2000 - 2005

oumber! males per bouspar cenr

2000 3001 2002 2003 a4 2005
Mororways  Sitec 28 36 7 o > T
Observatons (thousands) 54686 104,119 J34 B0 46394 361 368 605 465
MAverage car speed L 0 fit| | 7l Tl
%2 cxcoeding hmat b 34 a4 a7 Ja 56
%; exceediag limit by more tha 10 mph 17 18 18 20 6 i9
Avcrage motorcicle speed 70 0 11 2 72 72
%o excesding linut a4 34 57 ig b4 g
%% excesding limat by more than 10 mph 5 is 27 25 N a7
Average artic speed 55 54 54 34 54 54
Percety exceeding limik ] 5 2 2 E i
%7 exceeding limit by more than 10 mph & o i i /) f
Average bus'coach speed 60 &0 &b 59 59 39
Percent exceeding limit 4 g & 4 2 J
%a exceeding limit by more than 10 mph 1 F 2 [/ 0 i
sl Sites 4 4 . 7 7 )
carpageway: Mbhservanens (thovsands} 6,913 167 iz913 48,035 55,889 54908
Average car specd 0 0 69 69 £9 69
Percent excocding limit ¥ k¥ ET 30 48 48
Yq exceeding linur by more than 10 mph 12 fi) 14 15 ig I3
Average morercycle speed &7 6F 70 6% 68 1
Pereent exceeding bt i8 3s i3 0 48 A
% exceeding linvit by more than 10 mph I3 i 28 24 21 25
Avemge nrtill:_l spoed 34 54 33 53 53 33
Percenr excee.diug limut bo 48 a8 &7 &0 &d
%1 exceedpg liir by moce than 10 mph 4 4 | 2 2 ]
Avempe bus/coach speed 59 39 37 53 38 57
Percent exreeding limit 48 44 ag g 1] 3g
o excecdmp limar by more than 10 mph 2 T I 4 3 2
Single Sites 24 24 28 28 28 28
carntageway: Observatipos (thousands) §.304 14.043 46133 54.084 59719 58.502
Average car speed 45 45 47 48 48 45
Percent exceeding Jumir g L4 & o io I
%% excepding limit by more than 10 mph & 2 { 4 2 2
Averape motorcycle speed 54 55 48 an 51 il
Percent excesding lamar 27 28 23 33 25 i
% excocduip hmit by more thas 10 mph Is i4 i i) io 2
Average artic’ speed 45 4 43 45 46 45
Perceni exceeding limit 78 Ta &5 74 Eil 78
%o exceeding it by more than 10 mph 27 23 I3 23 28 25
Average bus'coach speed 41 41 43 435 45 45
Pamenr cxcecding lumit a2 23 I 33 23 2
%% excceding lmir by more than 10 maph i 2 ) 2 2 £

* mmc = articulated heavy poods vehicles
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6.1.2. A summary and analysis of:

Doliechi, M; 1998 Report 82 in the series: The Annualized Socal Cost of Motor-1ehicle Ulse
i the Ulndted States, based on 1290-199Y Data: Swmweary OF The Nown-mnnetary Foernaiilies
Of Mator Tebice Use

1. The cost of the healith effects of air pollution from motor
vehicles

‘The health effecis due to air pellunen are naturally of pivotal concern when esimating the
costs of vehicle emissions. Delucchi esomated the effects of a specific, “marginal™ change
in pollution. The methodology entailed analysing the actual polluion, and what pollution
there would have been had dhore been a 10% or a 1000 mduction i moter vehicle related
crmissions. This is cspedally relevant to this repott, singe motor vehide enussions are
directly related to vehiele speed (sec Appendix 2} Delucchi’s findings are summansed in

tho tables below

particulate smissions from vehicles  16.7  266.4
all other pollutants from vehicles 23 171

alt poilutants from upstream processes 2.3 12
road dust 3 153.5

Table 1: Summary of the cost of the health effects of air pollution from motor vehicles

Emission Ambient United States  All urban areas Los Angeles

pollutant low high b high low high

o G 0.01 009 0.01 0.1 0.03 0.18
MNCx nitrate PM10 Q.96 15.53 121 2117 6.02 7511

NO2 0.14 0.66 0.18 091 0.52 2.62

Total for NOx 1.1 16.21 b 22,08 6.54 7773
PM2.5 PM2.5 3.22 45,22 £.53 B8.79 4193 405.2%
PMZ.5-10 FM2.5-10 0.27 2.95 0.63 §.2 4.69 29.77
Total for PM10D 0.6 15.13 1.45 31,69 12.35 155058
S0x sulfate PMI10 28 226 4.4 3b.28 3353 205.88

VO organic PM10 Q.1 0.5% 0.13 1.25 Q.52 4,29
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VOCHNOx orone 0.01 0.1 0,02 0.1z 0.05 0.39

Table 2: The Health Cost Per Kg Of Motor-Yehicle And Relaied Upstream And Road-Dust
Emissinos, Based Oun A 10%: Beduetion In Dvirect Motor-Vehicle Fmissions, Related Upsiream

Emissions, Paved-Road-Dusi Emissions, And Unpaved-Road-Dust Emissions

2. The cost of reduced visibility due to particulate air
poliution from motor vehicles

Particles and gases in the atmosphere absorb and scatter light, thercby reducing visiblity.,
Delucchi mentions a number of Willingness to Pay (W17} studies” condueted throughout
the USA that attempts to ascertam what value people place on aire gqualiy and the reasons
for this. The costs of reduced visibality are estimated based upon empinical data collected
for residencal property values. These values are then correlated with values for relared total
suspended particulate data for those homes. It i beliewed that motor vebicles play a
sipntficant role m contributng to the levels of suspended particulate matter. This s because
those particles primarily responsible for scattering light have approximately the same
diatneter as the wavelength of hight 0.5m and most particles produced by the combustion
of fuel, as well as particles of suspended road dust are between (L1 and 1um in diamerer.
Since fuel consumption is directly related to engine load (see Appendix 2), and since it was
also shown carlier that congeston increases fuel consumption, 1t can be said with some
confidence that 18A or similar speed miluencing measures would have an effect on the

lesels of suspendi:d paﬂ'icuhlt{: ettt

'I'able 3 provides an outline of Delucchi’s finchings:

TR Lochuuan, 5. Pach, aond 13 Boldt, “®illogoess te Pay fir Gang and Tosses in Visibility and Healeh Tand
Eeonomies 743 478-408, Movember (10941 G MoClellund, W Schulee, o Waldiman, [ Towiy 13, Scheodk 1
Seewarr, T Ticck, and 5. Thayer, Valuing Eastem Visibilite: A Fielel Test of the Coubingene Yaleetou Metlusl, 15 E,
PoA Cooperative Apreement #0R-2315183-01-2, prepared for the UL 5 Fovienomened Protection Ageney, (ffce of
Pokicy, Manning, and Fvaluatuen, Washington, 0. €, [one (1991): L. G Chestu and H, L Howe, Presenvation Values
for Wigihility Prowotion gt the Natonal Parks, prepared for the UL 5. Eovimoooenta] Posectdon Apency, {1foe of Air
leiq,- ’F‘Iam]jug and Sandards, Fommomic Amalysis Branch, Boscarch Taangle Pack, Moah Carehing, Febrpmey 16
L= L)

11098 Erussions, 1991%/ Kg-Frutted

% Each §/kg wabue 15 equoal to the total caloalabed bealth damages atnbotable 1o e polluesot wod scerce, dieded by
ermisson: of the pollotant from che soonee.
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$/kg-
Emissions source PM10(a)} &/kg-NOx(b) $/kg-SOx{c) %/Kkg-VOCsid)

Low High Low High Low High Low High

Mbs 0.4 39 01% 111 089 397 00D 0.05

Mys + U 037 347 017 104 036 135 001 0.04

Mvs + U + RDP 032 207 017 104 036 135 001 D.04
Mys + U + RDPF +RDU 0.1 081 017 104 038 135 001 0.04

Table 3: The Visibility Cost Per Kg Of Motor-Vehicle And Related Emissions, Based On A 10%,
Reduction In Emissions {199 Emissions, 19915/ Keg-Emitied)
MVs = motor vehicles; U = npstoream emussions related to motor-vehicle vse (e.g., from
pettoleun refinenesy; R1DP = road dust from paved mads; RDIU = road dust from
unpaved roads; PM10 = parnculate matter of aerodynamee diameter of 10 microns or less;

NOx = nitrogen oxides; $0x = sulfur oxides; VOCs = volatile organic compounds,

Bote that i all cases, the vear of the analvsis 15 1990 (e, 1Y) data for cossions, air

qualiry, and meome), but the year of the dollars is 1991

(ar Equal to the dollar cost of light exmtienon caused by 1090 of the pnmary ambient
PM1( attributable to motor vehicles, divided by 10F% of PM10 emussions attritmtable 1o
motor vehicles, .i’l:imar}' of dircer PM is PM thar is enmurted as such, as distinguished from

"M that is formed in the atrnosphere.

(b): NOx emissions can become ambient NO2 or form particulate pirrate acrosols. The
$/kg estmate here i5 cqual 10 the dollar cost of light extinction caused by 10% of the
atnbient NO2 and 109 of the ambient particulate mittate attributable to motor veleles,

disided by 10% of NOx emissions attributable to motor vehicles,

{c): SOx emissions can form particulate sulfate aeroscls, which seatter light and reduee
visibiliy. The $/kg estimate here 5 equal to the dollar cost of light extinetion caused hy
L of the ambient particulate sulfate atmbutable to motor vehicles, dnded by 10% of

S0 emissions attnbutable to momor vehicles

(d): VOU emissions can form secondary otganic aerosols, which scatter light and reduce

visibiahity. The $/kg estimate here s cqual o the dollar cost of light cxtdnetion caused by
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0% of the ambient crpanic aerosol atinbuted ta motor vebicles, divided by 100 of VOO

EITURS100S

3. The cost of crop losses caused by ozone air pollution
from motor vehicles

Ozone is formed in the troposphere when sunlight reacts with the oxides of nitrogen
(NOx) and volatde organic compounds (VOUC) released into the atmosphere hy the
hurning of fossil fuels in internal combustion engines. Ozone enters feaves through the
stomata (one of the minute pores m the epidermus of a leaf or stem through which gases
and water vapour pass®) during normal gaseous exchange. Ozone is a swrong oxidant, and
amongst the many sympioms it causes are chlorosis {the yellowing or whitening of
normally green plant tissuc because of a deercased amounnt of chlorophyll) and necrosis
(the unprogrammed dearh of cells and living tssue). Other symptoms include flecking,
sipphing, bronzing and reddeningw. Ozone is by far the greatest cause of crop losses
caused by air pollunon. Delucchi estimates that the costs of crop losses due to the effects
of nzone amounts to berween $3 billion and $6 billion per year. The mble beliw outhines

Drelucchi's findings:

$/1000-VMT $/kg-[VOCs+NOx]a

Direct Direct + Direct Direct +

EMmisgions upsireant 2MIs5|0ns” Lpstreant

Case IIA: 10%

reduction’ Low High Low High Low High Low High
LDGAS 0.99 177 1.13 1.51 041% 0292 017 026
LDGETs 1.67 257 et R o 0.2 Ess ] IR 0 B 4
HDGYs 392 A58 457 FI1B 014 023 043 021

Al gasoline vehicles  1.16 208 1.33 224 0.1% 025 017 .26
LDDAs 0.37 0.57 0.4 744 D21 033 0419 3.47
OGS S 0.22 0.2 028 021 G633 014 [
HDDYs 3.4 574 369 B2 DA 032 D47 ZE

All diesel vehicles 262 48R3 293 47 019 032 DA7 .28
All gasoline, diesal el 2.28 1.46 2.45 0.19 0.3 017 0.26

Bt R RS R O

A hivpe ! Swwwarsasdagoy  aing docs hrmedoead =845
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vehicles
Case IIB: 100%
reduction® 137 251 153 268 0.2 033 018 0.29

Tahle 4: The Change In Welfare In Fhe Crop Market Due To A 10% Or 100%, Redyction In
Muotor-¥ehicle Reladed Emisslons (19 Emissions, 19915/ 1000- Yt And 19915/K g-]Nox+Voues])
1.DGA = hphi-duty gasohne auvto; LDGT = hight-duty gasoline wruck; HDGV = heavy-
duty gasoline vehicle, 1. DDA = light-duty diesel anty; LDDT = light-doty diesel truck;

HDDY — heavy-duty diesel vehicle; VML = vehiele-miles of travel.

'I'hese results include the effect of ozone on all crops, and the cffects of pollotants other

than oeone.

a: Includes a mmot amount of damage (5-10%) attributable to pollutants other than ozone,

the pollutant formed from NOx and VO ermissions.
i Direet emissions are talpipe and evaporabyve emussions from motor vehicles.

¢: Upstream ermssions include emissions from the production of motor fuels, the servicing
of motor vehicles, the production of crude oif used to make motor fued, the production of

motor vehicles, and so on. See Report #10 far derails.
d: Case ILA 15 3 10% reducton in enmssions of YO8 and Nk
e Case 1B 15 a 100%: reduction in emuissions of VOCs and NOx.

4. The cost of material damage caused by air pollution from

motor vehicles

()zidant, particulate and add air pollution 15 able to soil and damage many man made
materials and structures. This may leave surfaces ar matenals blemished or unsightly and in

sOMe cases may leave matenals strucirally vulnerable.

Delucchi reviewed a mumber of studies and found that damage from all sources of
pollution ranged in the order to $5 billion to $30 billion in 1991 -dollar prices for the USA.
He estimated that ernissions from motor vehicles contributed berween 20%% and H1%% of

these values. He therefore concluded that the cost of matenial damage cavsed by air
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pelludon from molor vehicle emissions amounted to between §1 llion and $8 billion in

1991 -dollar pHces for the UsA ai the thine of the release of the report.

5. The cost of forest damage caused by air pollution from

motor vehicles

Ozone and acid polluton can damage forests in similar ways as reported for crop damages
above. From an anthropogenic pemspective, forests provide wood and are impottant
tecteational areas. In addinon, forests are vety impottant for their aesthetic qualities 1 and
around urban centres, However, forests are also very impoctant natural habitats for many

animals, and play an important role i sustamng & larpe vardery of ecosystems.

In South Africa, we do not have very many naturzlly densely forested areas, 'This 15 in
contrast o the USA where coniferous, softwood and hardwood forests are common, As 2
tesudt, the vast majonty of wood products used in Sounth Africa are sourced from

commetcially ron forestry.

It is impottant 1o disungaish between namural foresis and forestry, in that the losses
incurted by out natural foresis, which are primanly m more remote areas as opposed to
neat urban ceneres would be considetably lower than in the USA, where many cities are

located near natu.mll‘r. heavily wooded tegions.

Delucehi, using an approximation that motor vehicles conmbuate 300 to 40% of the toral
etnissions damage to forests, concluded that forescry damages doe to emissions from

motor vehicles amouanied o berween 0.2 billion and $2 bilion in 1991,

Heowever, for the teasons outlined above these fgures may be of no vahe in the South
African context. At the Wotkshop (n Impacts OfF Air Pollution 1n Southemn Africa held in
Lusaka 2 20012, van "lienhoven™ presented an overview of the impacts of air pollution m
South Africa, His presentation fucussed on a numbet of affecied sectors, amongst which

were commercial foresory and namieal ecosysiems.

Hopan Tierthoven, M; 302 Impacts of aic pullunon in Soeuth Afoes; Presentation Lo the Workshop Co Dajace: ©F Air
Pullution In Southern Afoica, Lusaka: Preveediogs of tie Sodeshop Cn Lingaces O Adr Pollurion 10 Southerne 4 Frica
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With reference 10 commercial forestry, he cired two studies, the first by Olbrich in 1993%
and another by Cardson n 1994, both of which could not find a direct causal link between

pollutane exposure und tree damage,

‘the fgure below shows the maximum modelled one-hour sutface ozone aver Southern
Africa for the period 10 to 14 November 20007, The figure clearly demonstrates thar at
thar time the presence of surface ozone was very Hmited across most of the South Africa,
with the majority of surface ozone being found in the far northem reaches of the Limpaopo

provinee, Mpumaking: und Kwaaulu-Natal,

Figure 1: Maxinium modelled one-hour surface ozone over Southern Africa for the period 10 w 14
November 2HHN

In conteast however, Van Lienhoven {1999 asserts thar “At a regional scale, czone is

emerging as the polluant of major concern. Although high ozone Jevels may be a namiral

feature of the region, anthropogenic contributions thtough land wse change and industrigl

and vehide emissions could ralse ozone concentrations to levels that may affeal crop

SCMbdeh, KA. 1993 Patterns of shoal jmowth, needle prosth and foliir spopdom developaoent oy fertdlsed and
wenfertilized 1 patuls, Bepon e e Department of Water Affiies aud Froestoy, Reporl ™o (03,

¥ Cadson, oA 1099 An assessment of the dsk posed by the paseoos poliotant geome o commendal forests in the
Tastern Trangvaal Roperr to the Depactment of Water Affaies and Foreirry: Repom TOR-ZEA 7540 CSTR, Pronm,

BoAPNA Ade Pollviicn Iofrvmsation MNetwork Afeies; A pollutton impacte on crops and coosystems i southem
Afmca; b/ Sweanszelse AFIN Aorg

* Van Twnhowen, A B 199% Srans of A Pollution o Soulh Afrcay Peoceedings of the 11th Whold Clean Air and
- odronment (Comgress

WL



An Evaluation of the Benefits of Intelligent Speed Adaptation for South Africa August 2006

production”™ He presents the following datu regarding the toral pollutant concenrations

and sources m Soah Aftea:

Source co2 CH4 NZD CO MOx NMVYOC sS02
Energy (electricity, industrial,
domestic, mining & refineries} 238 554 751 7 ieed 1221 88 1 695

Transport 51 340 39 5 2707 995 569 37
Industrial processes {excludes
energy) 23461 4 2 28 13 194 28
Agriculture, land use change &
forestry-: - 20 614 1064 B1 1286 39
Waste (landfifls, effluent and
sewaie treatment) 380 3

Table %: Main sources and amounts of air pollutants emitted in Sonth Afriea in 199 in kilotons
(199 g) (from South Africa NSOLR, 199%)

The table below gives an ndication of pollutant concentrations detected in the Highveld:

Maximum hourly mean Maximum daily mean Maximum monthly

concentrations concentrations mean cancentrations
502 NOx 03 S02 MNOx 03 502 NOx 03
(pp)  (ppb) (ppb) (ppk) (ppb) (ppb) (ppb) (ppb) (ppb)
Bedworth Park 105 370 951 220 1309 318 14.6 73.5 22.3
Elandsfontein  * 125 157 110 291 28.7 48.8 iz 12,5 333
Makalu 134 150 90.2 25.5 56.4 40 i2.5h 253 28.7
Palmer 277 228 853 5i.2 384 63.6 125 8.2 40.9
Werkykkop 63.8 B7.7 76.8 a7 i53 562 0.B £.3 38.8
South African
guideling 300 B80G 120 100 400 ¢ 50 300 E

Table 6: Maximum mean concentrations of pollntants e the Highveld in 1994

It 15 useful to compare the dara to examples of foreign ciues 0 order o get some

petspective of the problems we face in South Africa:

The tollowing image is a representation of ozone concentrations m parts per billion over

the (aliforia basin in 1997:

e tugractec 202 value For ggoculiun, bod wee and forestry mibeales the cacbou theae 13 taken of Ly woodlands and
fopcst and so eepaesonls a vl uptake of carbion ralber than release of curlon
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¥ mac = 178 PP
¢ min = 44 PPB

Figure 2: An cxample of CAMx outpot as an isopleth map showing ozone concenirvations over Laos

56
Angeles

From the image it 15 apparent that peak hourdy concentrationy are m excess of 151 ppb.
This value is far greater than the maxunum given for the Highveld stagons noted m Lable
6, Bedforview, at 95.1 pph. ‘Lhe example would seem to indicate that the problem is not as

severe i South Afdca as it s elsewhere inthe world.

However, it may be that the growth i the vehide population in South Africa from
approsimately 5 million vehicles 119947 t 8,2 miflion vehices at the cnd of 2005 would
have in the interim significantly ncreased the levels of pround lovel ozone and other

pollutants, although 1o recently collected daea could e sourced bo verify dus.

# Yamwoow] ©, (A2, [otreducion o CAME, CANM= Jraining Couse for CAPTA, 15-19 Aol 2002, Durban, Soulh
Adrica,

W7 The valoe for vehicle popalagon in 1994 sas rouphly estinared by scaliigs the prowth obraine] belween: 1998 and 20005
e gtven 101 Secoon 250301 dowan to TR leveds,
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6. CHmate change damage costs due to fifecycte CO2-
equivalent emissions of greenhouse gases from motor

vehicles

Dreluechi ¢stimates thar emissions from mortor vehicles attributes approximarcly 30 of all
(L2 equivalent grecnhouse passes m the USA. Fle presents the followmng data for the

global costs of greenhouse gasses with nespect 1o global warming:

Bamage with respect 19901%/ton- 1991%/ton-

Yo to C co2
Cline (1992} {2.50C short-term warming) 1.0-20 world GDP 4-40 1.1-11
Cline (1992} (100C long-term warming) 6.0 -12.0 world GGP 2207 607
Nordhaus (1993) 1.33 world output S 1.4 -E.8
Nordhays (1991} 0.25-20 word output 0.3-71 Bl =10
Ayres & Walters (1991) 21-24 Gwl 40 - 45 11-13
Fankhauser { 1984} me. m.e. f— 66 1.7 18
40 - 530
Titus {1992) n.e. n.e. {165} 11 - 143 (45)
Fearce et al. (1992} 1=3 GWwP 9-28 2.8 =77
Hohmeyer (1396) n.e n.e 800 220
CEC {1992) n.e. n.e. Els} 8.2
Montgomery (1991} 0.5 GNP n.e. ne.
Tol (1995) 1.9 world GDF n.e. n.e.
Tol (1999} n.e. n.e. 9 - 180 3-50
Goodland & Ei Serafy {1998) n.e n.e. 23 6.2
Tol (2003a) n.e. n.e. 1-20 0.3-5
Tol (2003h) -2,3-27  World GDP ~4 — 40 w1—10
Pearce (2003} n.e. Mn.e, 3=-32 1-9

Table 7: Summary O Estimates (O Global Damage Cost Of Global Warnidng
(W = gross world income; GWTP = gross world product; GNP = gross national product;
GDP = pross domestic product; nee. = not estimated; £ = carbon; 02 = catbon dioside;

CEC = California Nnerpy Commission.

To estimate the US contribunion to the valies in the wmble, Delucchi uses the following

tornula:
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Dy GDPys GDP

DIy« =DIp =8 = Dfp —5 52 ~—82

¥ - _Dr  Gopy
GIXPr

Whes:

DT = dollar damages from climate change, in the U. 5. or in the world, per ton of carbon
equivalent emitted

I3 — dollar damages form climate chunge, m the L 5. or the world
GDP = gross domestic (or world) product

subscript US = Unmited States

subsctipt W = world

This formula however, cannot readily be adapted to calculate the South Afncan
conttibution withowt knowing what the dollar damages from climate change in South
Africa {DSA) ate. As an estimate, we can calenlate DSA as follows:

_p. .GDF,
54 s GDP,,

The resultan: formula, including the substinion mentoned above would now take the

follwing form:
J GDP,,
[ GDP,, “ GDB,
»eh .
DY, =DT,+ Iy =DT, - GDEy GDE,
. D, Dy GDP,
GDF,
Where:

D1 = dollar damages from chimare change, w1 the U7 5., south Afriea or in the world, per

ton of carbon equivalent crmitted
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D = dollar damages form climate change, in the U. S., South Africa or the wotld
GDP = gross domestic product for the U. S., South Africa or the world
subscript US = United States

subsctipt SA = South Africa

subscript W = world

7. The external cost of noise from motor vehicles

Noise can be extremely disruptive in its influence on surrounding areas. Noise affects
sleep, it disrupts activities, it can hinder wortk, it can impede leaming, and it has been
known to cause stress. The model used to calculate the costs assumes that the dollar cost
of noise is equal to the fraction of annualised housing value lost per excess decibel. This
fraction is multiplied by: the annualised value of housing units exposed to motor-vehicle
noise above a threshold (P), the density of housing units exposed to motor-vehicle noise
above a threshold (M); the amount of motor-vehicle noise over a threshold (AN); and a

scaling factor to account for costs in non-residential areas ((To+T1)/T1).

The estimates féx; the costs of noise produced by Delucchi are distributed between a high

value and a low’ 'x:,'alue, and are based upon the costs per 1000 vehicle miles travelled and
£

distributed between the vatying types of vehicles and classes of roads, as is shown below:
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Interstate | Other | Principal | Minor |Collectors| Local
freeways | arterials | arterials roads
Base case
LDAs 2.96 4.25 1.18 0.57 0.07 0.00
MDTs 8.50 13.20 7.02 5.37 1.05 0.00
HDTs 16.69 30.80 20.07 2993 4.93 0.00
Buses 6.36 9.77 7.18 642 1.22 0.00
Motorcycles 17.15 27.03 8.71 4.67 0.56 0.00
Low-cost case
LDAs 0.11 0.18 0.04 0.01 0.00 0.00
MDTs 0.40 0.66 0.32 0.18 0.01 0.00
HDTs 0.81 1.62 1.22 1.77 0.06 0.00
Buses 0.35 0.58 0.38 0.22 0.00 0.00
Motorcycles 0.66 1.13 0.27 0.09 0.00 0.00
High-cost case
LDAs 40.11 56.02 16.20 9.35 6.04 0.44
MDTs 114.76 173.38 96.05 84.93 78.84 12,13
HDTs 225.61 404.82 269.27 414.17 319.22 92.04
Buses 86.15 128.60 98.66 105.33 108.00 12.84
Motorcycles: | 23247 | 35573 | 11964 | 7665 50.08 2.73

Figure 3: Vehicle noise costs per 1000 vehicle miles travelled by vehicle type and road category

Using the values given above, Delucchi obtains total costs ranging between $0.4 billion and
$50 billion. Delucchi however asserts that the highest figure is to be regarded with a fair
amount of scepticism, and estimates the actual costs to be between $10 billion and $20
billion. Delucchi notes that this correlates well with findings from a number of studies
conducted in Europe and the USA from 1975 to 1991 as reviewed by Vethoef (1994) and

Rothengatter (1990).

8. Health and environmental impacts of leaking motor-fuel

storage tanks

Motor fuel, and the oils and chemicals used in the production of motor fuels, are very
often stored in large underground or aboveground tanks before being shipped by truck or
pipeline to their final destinations.
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These tanks, in certain instances may leak. Leaked fuels, oils or chemicals pollute
groundwater, cause health problems and damage property. Modelling the effects of leaked
fuels would involve a number of steps. One would have to know the tank population of
the countty and be able to reliably estimate the quantities of leaked fuels emanating from
them. The location and the quantity of the leaks could then be matched to that of areas
with significant populations of people and properties, and important natural habitats and
groundwater deposits (where these are accurately known). Assumptions can then be made
regarding the most likely fate of the leaking fuels and what the damages due to their

presence may amount to.

However, quantifying the value of these damages is very difficult because of the large
number of unknown variables and their respective uncertainties, the cumulative effects of

which may render any derived totals wholly unrealistic.

Consequently, Delucchi has resorted to supposition to estimate what the costs may be. He
notes that a study undertaken in 1987 by DeLuchi et al*® estimated the costs to be between
$0.3 billion and $1 billion for propetty damages and between $0.3 billion and $2 billion for
damages due to health problems and excess mortality. This figure, he notes, was detived
based upon an estimate that at least 100 000 fuel tanks were leaking across the USA during
the early to mid eighties.

Delucchi, however, notes that stricter legislation enacted after this study and the more
refined monitoring procedures implemented as a result may have dramatically reduced the
number of leaking fuel tanks in the interim. In addition, a number of cleanup programmes
have been put in place and this may have reduced any damages even further. Delucchi
estimates 1997-dollar value damages to be less than §1 billion per year.

In order to have any use of the above value for the South African scenario, it becomes
necessary to know what the ratio of fuel tanks in South Africa to the USA might be.
However, in the absence of this data, a crude estimation could be made by accepting that
all of Delucchi’s assumptions regarding legislation and monitoring of these facilities are
applicable in South Aftrica, and then by multiplying the his estimated costs by the tatio of

58 M. A. DeLuchi, D. Speding, and R. A. Johnston, A Comparative Analysis of Futuse Transportation Fuels,
UCB/ITS/RR-87-13, Institute of Transportation Studies, University of California, Berkeley, California, October (1987).
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vehicles operating in the USA to that operating in South Africa. This ratio can be taken as a
crude estimate of the ratio of US demand for fuel (and hence demand for storage) versus
the corresponding South African demand. However, the assumption that is made here is
that the storage policies and volumes (something that is of national interest and may differ
quite dramatically depending on the economic and political situation of the country) may
be significantly different for the USA as opposed to South Africa.

9. Environmental and economic impacts of large oil spills

Delucchi estimates the costs of oil spills in terms of dollar costs per batrel of oil produced.
He uses a value of $0.10 per barrel of oil produced. This value was obtained from estimates
made in previous studies, most notably by Stevens and Peterson (1993)” and by Behrens et
al. (1992)%.

Using an estimate based on the number of batrels of oil produced is problematic for the
South African case. This is because South Africa has virtually no crude oil production
facilities (notwithstanding Sasol’s coal to oil technologies and the natural gas to oil industry
at Mosgas) and so the vast majority of oil used in South Africa is imported. As a result, the
majotity of the tisk related to any potential marine oil-spill disasters would come from
tankers ca::rymg roil of origin elsewhere than South Africa. Additionally, many of the
tankers passing our coastline are carrying oil not destined for our matkets. The risk of an
oil spill, however is still carried by South Africa.

Another approach would be to quantify the risk of an oil spill on South African shotes in
terms of the volumes of ctude oil being shipped to South Africa. These volumes can then
be related to the costs of the measures in place to prevent a spill (where these are borne by
South African motorists or companies), the costs of any continual cleanup operations, the
costs of any rehabilitation programmes due to oil spills and the damages to the

environment due to previous oil spills.

5% B. Stevens and T. Peterson, Fstimating the Net Social Benefits of Reduced Odl Spills, Appendix H of A Cost-Benefit
Analysis of Selected Transportation Policies, Transportation Policy Impacts Hearing, 1993 California Transportation
Energy Analysis Report, California Energy Commission, Sacramento, California, October 12 (1993).

% C. E. Behrens, J. E. Blodgett, M. R Lee, J. L. Moore, L. Parker, External Costs of Ol Used in Transportation, 92-574
ENR, Congressional Research Service, Environment and Natural Resources Policy Division, Washington, D. C,, June
(1992).
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The eritical question would be of course whether 18A would have uny sipmificant impact
on these costs. This can be otherwise phrased as: would 15A diminish the risk of an oil spll
on South African shores to any meaningtul exrents 1 one considers that the vast majordie
of tankers travelting along our coastling are not necessarily bound for our harbours, then i
is reasonuble to assume that mmplementing 1SA in Sowh Africs may not have any
Higniﬁcanr irnpact on the dsk of any of these tankets ﬁpi"ing ol and Mmi]ing our coast, The
fgure below ghves an overview of oil tanker shipping routes globally and highlights whete

sorne of the largest oils spills have ocaurred 1n the past.

Figarc 4; 0l tanker shipping coutes and historically major oil spills61
1 ragicaliy, qujl; Africu has suffered large ol spills in the past, and our entire coastline 1s
contnuously unider threat from very large and wltra large tankers en rout: to and from
primarly American markers. It would therefore be reasonable to ussume that since the
shipping of cl to other parts of the wotld cannot be affected by implemennng 15A locally,
that 15A would not significantly diminish the sk (and consequently the costs) of larpe ol
spills in Sowth Africa,

A hape /S Faoali naenacac) Thomear/ images, erv-
peodogry fenv s POTTUTTON2ATNS T HE 200 ARTHT 200N Y TRONMENT brm
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10. Other water poliution related to motor-vehicle use: urban
runoff poliuted by oil from motor vehicles, and nitrogen

deposition

Delucchi’s study considered the costs of motor vehicle vse in general. This weport 15
considerng the possible impacts an 15A system might have in South Africa. So whereas
Delucchr’s study hsted impacts in general, this study must linnit itselt essentally to impacts
because of a reduction in speed, simply because ISA is a broad-spectrum speed reduction

IMEASTITE.

With regards to other forms or sources of water pollution as a esult of the use of motor
vehicles, ISA can only be shown to impact if it can be shown that cither speed atfects ol
pollution and mitrogen depositon in urban ruapoff, or that ISA would lower the overall use
of motor vehicles, thereby loweting the inddence of vil pollutton and nitropen depositon

11 urhan oL

Because ISA%s overatching intentions are not to lower the overall use of motor vehicles,
but instead to ensure the tesponsible use of motor vebicles, one cannot say that [SA would
lower the incidence of cil pollution and pitrogen depositon i urban runoff. It is also
unlikely that speed plays any significant role in polluting urban runoft. As a result, it can be
said that 15A would not have any effect oa the levels of pollution 1n utban runoff because

of the use of motor vehicles,

11. Non-monetary costs due to net crimes related to using or

having motor-vehicle goods, services, or infrastructure

Similar to section 10 abeve, [SA would not have any impact on the incidence crime, and
therefore cannot be said to have any effect whatsoever on any of the non-monctary costs
related to criminal activity associated with the use or possession of motor-vehick: poods,

services of uifrastracmre.

12.Pain, suffering, and other non-monetary costs due to fires
related to using or having motor-vehicle goods, services,

or infrastructure

The same argument put forward in secnon 1] holds for this section as well. ISA cannot bo

said to have any unpact on the ocourence of fres whether due to mechanical problems or
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other (road accidents have already been accounted for) The nexr step is 1o apply
Delucchi’s findings to the South Afncan context The followmyg table 15 a disallatton of a

table Delucchy provides as a summary, Only the sections covered above are included.

Section Cost Item Low High @b ¢

Air pollution: human mortality and morbidity due to particulate
1a i i o i 16,7 266.4 15952

emissions from vehicles
Air poliution: hurman mertality and morbidity due to all other

1b 23 171 7435
pollutants from vehicles

fir poliution: human moertality and morbidity, due to all
1¢ 23 13400 5552
pollutants from upstream processes
1d Air polluticn: buman morzlity and morbidity from road dust 3.0 1535 5116.7
Air pollution: loss of visibility, due to all poliutants attributable

to motor vehicles

36 274 7511

Ajr poliution: damage to agricultural crops, due to ozone
3 &3 BT LT
attributable to motor vehicles

Ajr pollution: damages to matenals, due to all pollutants
4 ) i 1.0 8.0 BOOD
attributable to motor vehicles

Air pollution: damage to forests, due to all pollutants
5 02 20 10000
attributable to motor vehides

Clirmate change due to lifecycle emissions of greenhouse gases
I ¢ X ¥ = o0 35 MiA
(L. 5. damages only}
7 : Noise from motor vehicles 05 150 3000.0
Water paliution: health and environmental effects of leaking
8 01 0.5 5000
moter-fuel storage tanks

Water pollution: environmental and economic impads of large

g 02 05 2500
ol spills
Water pollution: urban runoff polluted by ol from motor
10 e : i by 0.1 05 SHLO
vehicles
Total 33.3513.1 1530.8

Table B: Summary of Delocchi’s I]miiugs‘sIz

Instead of a single estimate, Delucchi provides arrange of walues for costs between high

and Jow. I have included the percentage increase from low o high in the last column as a

22 Walwes are Tor billiong of 1997 U5 dollas
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further dliustration of the range of each set of values, The difference between high and low
is 1272%.
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