ECE/CEP/44

ENVIRONMENT FOR EUROFPE

LN EMVIROMMEMENT POUR LEURCPE

QEPYRCAKOWAR CPELA ONA EBFONG

FOURTH MINISTERIAL CONFERENCE

ENVIRONMENT FOR EUROPE

Arhus, Denmark
23 - 25 June 1998

PAN-EUROPEAN STRATEGY TO PHASE OUT
LEADED PETROL

submitted by

the ECE Committee on Environmental Policy
through the Ad Hoc Preparatory Working Group of Senior Officials

UNITED NATIONS
ECONOMIC COMMISSION FOR EUROPE



UNITED E
NATIONS

. . Distr.
Economlc and Social GENERAL
Councill
ECE/ CEP/ 44
13 May 1998

Oiginal: ENGISH

ECONOMIC COMMISSION FOR EUROPE
COWM TTEE ON ENVI RONMVENT PQOLI CY
Fourth M nisterial Conference

“Envi ronment for Europe”
Aar hus, Denmark, 23-25 June 1998

PAN- EUROPEAN STRATEGY TO PHASE OUT LEADED PETRCL

CONTENTS
Par agr aphs

EXECUTI VE SUMVARY
CONCLUSI ONS AND RECOMVENDATI ONS

A Strategy Obj eCtiVeS ... 1-2

B. Status of lead use in petrol in Europe ......... ... ... 3-6

C Means of inmplementation ....... ... . . . . . . . 7-16
LNt rOodUCT T ON .. e 17- 26
l. ENVI RONMENTAL AND HEALTH | MPACTS OF LEADED PETRCL

A Environnmental inpact ......... ... .. e 27-31

B. Heal th inmpact ... ... .. 32- 36

C. Q her health and environnmental issues of |ead phase-out ...... 37-40
. STATE OF THE PHASE- QUT OF LEAD FROM PETROL | N EURCPE

A Market shares ........ ... e 41- 45

B. Strategies, plans and instrunents ............... ... .. ... .. ... 46- 52
[11. TECHNI CAL OPTI ONS FOR PHASI NG OQUT LEAD

A Vehi Cl BS .o 56- 65

B. The refinery sector ...... ... .. e 66- 73

C Distribution SyStem. . ... .. ... e 74-75
V. ECONOM C BENEFI TS AND COSTS OF PHASI NG OQUT LEAD

A Economi c benefits of inproved health ......................... 76- 82

B. Q her economic benefits ........ .. .. . . . . . . 83-84

C Economic costs of phasing out lead .......... ... ... ... .... 85-104
V. FEASI BI LI TY AND PHASE- QUT MEASURES

A Feasibility and constraints ............ ... ... 106- 114

B. Phase- out neasures at the national level ................... 115-116

GE. 98- 31112



ECE/ CEP/ 44
page 2

EXECUTI VE SUMVARY

Human exposure to lead is a serious environnmental problem Even |ow
| evel s of exposure retards the nental and physical devel opment of children
and can cause heart attacks and premature death anmong adults. In many urban
areas traffic is still the nost inportant source of |ead emissions. There is
a direct relationship between anbient air concentrations and bl ood | ead
| evel s. Therefore, there are substantial benefits to be achieved from phasing
out | eaded petrol. The present strategy not only recomends a phase-out date
for | eaded petrol, nanmely 1 January 2005, but also internediate target dates
for limts on the lead content of petrol

While it is both technically and econonmically feasible to phase out
| eaded petrol in Europe, there is a need to inplenment a nunber of measures to
overconme restraints on a rapid phase-out. The strategy identifies such
i nstruments and neasures. Sone countries have already worked out policies and
neasures for phasing out |eaded petrol, including Iinmts on |ead content, tax
i ncentives for unleaded petrol and information canpaigns. Studies at specific
refineries estinmated the cost of the phase-out at US$ 0.01-0.03 per litre of
petrol. Phasing out |ead frompetrol necessitates changes in the product nmx
of the refinery sector. In this connection, the fundamental issue is howto
conpensate in a cost-effective way for the | oss of octane resulting fromthe
removal of |ead frompetrol. There are no technical reasons for not using
unl eaded petrol in nost vehicles.

In May 1996, the Conmittee on Environnental Policy set up an open-ended
Task Force to prepare a proposal for a pan-European strategy to phase out
| eaded petrol, for consideration by the Conmittee and possible submission to
the 1998 Mnisterial Conference “Environment for Europe”

The Task Force investigated the conditions and prospects for phasing
out | eaded petrol, including studies of literature on the subject, current
use of |eaded petrol and other relevant matters in each of the European
countries, the devel opnent of national plans for phasing out |eaded petrol in
sel ected east European countries and a survey of the vehicle fleet in eastern
Eur ope.

The Task Force also followed the negotiations on the draft protocol to
the 1979 Convention on Long-range Transboundary Air Pollution on heavy
netals. The strategy and the protocol are considered as highly conplenmentary
initiatives to limt |ead em ssions.

CONCLUSI ONS AND RECOMVENDATI ONS

A Strategy objectives

1. Overall objective. The overall objective of a strategy to phase out lead in
petrol is to inprove the environment and health conditions in Europe. Lead is a
hazardous, heavy nmetal and a known neurotoxin. Evidence frommany countries
suggests that human exposure to lead is one of the nbst serious environnenta

probl ens facing the popul ation, especially children. Transport is the single nost
i mportant source of |ead emni ssions.
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2.  |Immediate objective. The Task Force, therefore, recommends that the European
M ni sters of Environnent adopt a pan-European strategy on the phase-out of lead in
petrol aimng at conpletely phasing out |lead as early as possible and by 1 January
2005 at the latest, and that the countries commit thenselves to preventing a
possi bl e increase in the average content of benzene and other aromatics as a
result of the |l ead phase-out. Thus:

(a) By 1 January 2005, |eaded petrol will not be narketed in European
countries.¥?

(b) Furthernore, it is reconmended that the countries conmit thensel ves
t o:

Seeking to obtain a narket share of unleaded petrol of at |east 80% by
1 January 2002 at the |latest; and

Setting a limt for the content of lead in | eaded petrol of maxinmm
0.15 g/ by 1 January 2000¥ at the latest, while the |ead content of
unl eaded petrol shall not exceed 0.013 g/I.?

B. Status of |ead use in petrol in Europe

3. A mjor finding of the Task Force is that nany central and east European
countries have narket shares of unleaded petrol that are higher than or equal to
those that can be found in southern EU nmenber States. Thus, the issue of |ead
phase-out is not solely an east European problem

4. The 1996 narket share of unleaded petrol in all of Europe has been estimted
at 65% Sone west European countries have phased out |ead conpletely, while

ot hers, notably south European countries, have market shares of 50% or |ess. By
conpari son many central and east European countries have sinilar or higher narket
shares (e.g. Hungary, Lithuania, Estonia and the Czech Republic). On the other
hand, countries Iike Bulgaria and Romania still have market shares of |ess than
15% |In western Europe the general linmit for the content of lead in | eaded petrol
is 0.15 g/l, but Geece (in the case of RON90O) still maintains a limt of 0.40
g/l. The 0.15 g/l limt has also been introduced in nost central and east European
countries but a few countries still have higher limits.

5. Cenerally, the newy independent States have high limts (in the range of
0.15-0.37 g/1) for the content of lead in | eaded petrol. Their narket share of

unl eaded petrol appears to be very high. |In this regard it should be nentioned,
however, that such estinmates are |largely based on production figures. Typically,
nore than 75% of the petrol production in the newly independent States include

| ow octane petrol (less than RON90O). Evidence from Ukrai ne and Kazakhstan, which
probably applies to other newly independent States as well, indicates that the
mar ket share of unl eaded petrol at the end user level is |lower than the estinmates
based on production figures. The average octane of the petrol sold in Wkraine
appears to be higher than the average octane of petrol produced and inported,
indicating that lead is added sonewhere in the distribution system Furthernore,
projections on future petrol denands indicate an increasing denand for hi gh-octane
petrol, which, in turn, necessitates either nore use of |eaded petrol or
substanti al noderni zations of the refineries.

¥ Armenia, the former Yugoslav Republic of Macedonia and the Russian Federation

have indicated that they may have problens in neeting the target date and have
called for a delay until 1 January 2008.

Turkey has indicated that it cannot neet the target date and has therefore
reserved its position

Turkey has indicated that it cannot attain this limt by the year 2000
4 Romani a has indicated (27 March 1998) that it would not be able to nmeet this
conmi t nent .
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6. The findings of the Task Force al so show that the | ead phase-out is well under
way t hroughout Europe, although progress differs significantly between countries.
The findings clearly show the environnental and health benefits to be achi eved by
the renoval of lead frompetrol. The results, furthernore, prove that it is both
technically and economically feasible to accelerate this process.

C. Means of inplenentation

7. Wile it is technically and econom cally feasible to phase out |ead from
petrol in Europe, the findings al so show that there is a need for inplenmenting a
nunmber of measures to overcone inportant restraints on a rapid phase-out. It is
very inportant to note that these instrunments crave an effort by the nationa
governments, national stakeholders (refineries and petrol distributors in
particular) and the international conmmunity (e.g. donors and internationa
financing institutions). Country strategies play an inportant role in defining
t he necessary actions.

8. Country strategies to phase out lead in petrol. Lead phase-out may be a
conplicated issue in sonme countries, and neasures need to be taken to overcone
different obstacles to a rapid | ead phase-out. Fram ng a country strategy and/or
action plan to phase out lead in petrol is an inportant way to ensure that the

| ead phase-out is achieved at the necessary costs only; in particular in countries
with a highly conplex fuel sector. Thus, the strategy identifies the appropriate
m x of instrunents needed to achi eve the phase-out. A strategy shoul d pay
particular attention to the issues below, to the inportant country-specific
features; and to an assessnment of the costs (private costs and soci o-econonic
costs) and benefits of various options for the phasing out of |lead in petrol

Fram ng and i npl ementing an integrated and conprehensive strategy such as this
could also prove to be an inportant way to inprove the access of refineries to
commerci al and other external financing. The active involvenent of major

st akehol ders in the framng of the strategy is inportant to ensure its actua

i mpl ementation. In particular, it is crucial that refinery nodernization plans
are integrated into the strategy, and that allowance is nmade for possible

revi sions of existing nodernization plans. Anong other things, the integration
ains at (i) assessing the econonmic feasibility and costs of particular strategies,
(ii) integrating projections for future petrol demand (quantity and structure)
into the nodernization plans, and (iii) identifying key obstacles at refinery

| evel which can be reduced by means of applying specific neasures. Furthernore,
the i ssue of benzene and other aromatics could be considered in a phase-out
strategy in order to maxim ze its environnental benefits.

9. The recommended specific neasures are described below. The inplenentation of
t hese neasures, where relevant, is a prerequisite for achieving the above-
mentioned objectives. It should be noted that the different instrunents are not
listed according to inportance.

1. Enabling conditions and policies

10. Strengthening the ability of refineries to attract investors. |In sone
countries the lack of financing, in particular equity financing, is considered the
maj or obstacle to a rapid | ead phase-out. Facilitating refineries' access to
commercial financing may, therefore, in these cases be a prerequisite for

achi eving the 2005 objective. The reasons for the apparent difficulties in
attracting external financing are many and differ fromcountry to country so the
possi bl e actions to ease this restraint are nunerous. |In sone central and east
European countries, and in the newy independent States, the refining industry is
characterized by excess refining capacity, obsolete technol ogy, poor |evel of
repai r and mai ntenance, and a product slate that no | onger matches the denmand for
refinery products. This last problemis due to the decline in demand for heavy
fuels, and the trend of increasing denand for high-octane petrol in the future.
These factors call for substantial investnents so that the refineries can becone
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and remain conpetitive in the long term and for firm decisions concerning
restructuring and privatization of the east European refinery sector. In sone
countries it may be necessary to undertake rationalizations in the refining
industry, and to clarify issues related to ownership and control of refineries.
These factors play a crucial role in providing the refining industry with the
appropriate conditions to becone conpetitive and econonically viable in the |ong
run, and, thereby, attract domestic and foreign investors. To facilitate the
refineries' access to commercial financing, it is, therefore, inportant to

t horoughly investigate the country-specific conditions which currently constitute
i mportant barriers, and to identify the appropriate national actions to overcone
t hem

11. Econonic incentives. Petrol tax differentiation has proven a very effective
neans of increasing the demand for unl eaded petrol in the countries where it has
been used. A tax differentiation scheme would render the consuner price of

unl eaded petrol lower than that of |eaded petrol. In the absence of such
neasures, unleaded petrol will be nore expensive than | eaded petrol. |If |eaded
petrol is to be phased out gradually, a tax differentiation scheme will be a very
effective way to accelerate the phase-out. Furthernore, a tax differentiation
scheme will stimulate the marketing and use of other lubricating additives than
lead and it may al so nake requirenents for catalytic converters nore effective
Tax differentiation schenes can be designed to encourage refineries and petrol
distributors to mininize the content of lead in | eaded petrol

12. Efficient inplenentation of petrol quality standards. Effective petrol
standards are a prerequisite for achieving a | ead phase-out. Wthout efficiently
enforced standards, the effects of information canpai gns and economi c incentive
neasures are greatly reduced if not elimnated. Poorly enforced petrol quality
standards constitute an inportant restraint in some countries. This is
particularly a problemin countries where the refineries do not control the
quality of petrol in the distribution chain, and where there is a | arge nunber of
smal | i ndependent petrol distributors. These are dom nant features of sone central
and east European countries and newy independent States. There is a need to
strengthen control, nonitoring and enforcenment of petrol standards. This requires
an operational system of government-enforced standards, conpliance nonitoring
procedures (sanpling, testing, record-keeping, etc.), and statutory penalties for
vi ol ati ons.

13. I nformati on canpai gns. Unl eaded petrol may, w thout any nodifications, be
used by all cars which do not have soft valve seats (with a few possible
exceptions). Cars with soft valve seats and other cars believed to need | eaded
petrol present a particular problemin central and eastern Europe (excluding newy

i ndependent States). It is estinmated that approximately 40% of the vehicle fleet
consi st of these cars. All vehicles produced in the newy independent States can
use unl eaded petrol. Information canpaigns are an i nportant means to support the

demand for unl eaded petrol, and they may strongly support the efficiency of the
above econom c incentives. Canpaigns ained at car owners can, inter alia, inform
on the applicability of unleaded petrol, and on the environnental and health
benefits of using unl eaded petrol

2. International cooperation and support

14. External technical assistance. External technical assistance is crucial to
achi eving a phase-out of lead in petrol. External technical assistance can prove
highly beneficial in the fram ng of strategies, action plans and possibly also in
relation to refinery nodernization plans. External technical assistance can also
facilitate experience sharing and provide the countries in question with the
necessary supply of human resources to accelerate the process. Training and
institution building to inprove the ability to enforce petrol standards could al so
prove an inportant conmponent of the technical assistance provided. Thus,

bilateral and rmultilateral (e.g. Tacis and Phare) western assi stance has an
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important role to play in the process of phasing out |lead frompetrol in Europe.

As part of the external technical assistance, the following two areas are
particularly inportant:

Testing the capability of the car fleet to use unleaded petrol. Some car
manuf acturers, e.g. the Dacia manufacturer, still recomend that their
cars use | eaded petrol. In these cases, it is necessary to investigate

(by means of testing) the extent to which | eaded petrol is actually
required by these cars, and if so, the anmount of |ead necessary. This is
mainly an area of concern in the central and eastern Europe where a
substantial share of the vehicle fleet has soft valve seats. Furthernore,
it may be necessary to investigate specific car nodels to ascertain

whet her it is necessary to replace |lead by other additives to provide the
lubricating effect for the valves, and to incite the marketing and use of
t hese non-lead additives.

Facilitation of experience sharing. A nunber of countries have phased out
lead in petrol or are in the process of doing so. Qher countries stil
have | ow market shares of unleaded petrol. A continuation of the

experi ence sharing between these countries is inmportant in the
identification of the appropriate phase-out path. The newy independent
States have a nunmber of common features which are different fromthose
observed in other countries, and which nmay nake the phase-out of |ead from
petrol a fairly conplicated task in these countries. The facilitation of
experi ence sharing between these countries is, therefore, of the utnost

i mportance to ensure a rapid phase-out of |lead. This nmay, for instance,
relate to ways of strengthening enforcenent of petrol quality standards,
ways of controlling the distribution of petrol, ways of projecting future
petrol demands, and the identification and inplenmentation of governnent
neasures to support the phase-out of |ead from petrol

15. Access to concessional financing and other financing of investnents from

i nternational sources. Concessional financing can play an inportant role in

accel erating a | ead phase-out in specific countries where the lack of financing is
considered a major restraint on an accel erated | ead phase-out. Economies in
transition that are in a state of econom c recession and where the financial
markets are not fully devel oped are, inter alia, characterized by a scarcity of
financing, high inflation rates and high interest rates. In these cases

i nvest ment schenes partially financed by international financing institutions on
favourabl e conditions can prove inportant in facilitating a | ead phase-out at the
refineries. Thus, international financing institutions have an inportant role to
play in achieving the objective in terms of providing assistance in project
preparation and docunentation, and in providing (partial) financing for the

i nvestnments. In this regard, the Project Preparation Conmittee, which has been
establ i shed under the Environmental Action Plan for Central and Eastern Europe, is
encouraged to support potential Wrld Bank and EBRD i nvestnments related to the
phase-out of |eaded petrol
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I nt roducti on

16. At the third “Environnent for Europe” Mnisterial Conference, held in Cctober
1995 in Sofia, Bulgaria, the "Sofia Initiatives" presented by six central and east
Eur opean countries (Bulgaria, Hungary, Poland, Romania, Slovakia and Sl oveni a)
were adopted. One of these initiatives, the Sofia Initiative on Local Air Quality
(SILAQ, was to inprove local air quality in central and eastern Europe. The
pronotion of unleaded petrol is one of its main objectives.

17. Another major achievenent of the Sofia conference was the endorsenent of the
Envi ronnental Progranme for Europe (EPE). Several of its key recommendati ons were
annexed to the Mnisterial Declaration of the Conference. One reconmendation was
to reduce the lead content in petrol with the ultinmate aimof conpletely phasing
out lead frompetrol in Europe.

18. Consequently, the Conmittee on Environnental Policy set up an open-ended Task
Force at its third session on 20-22 May 1996 to consider a strategy for the phase-
out of |eaded petrol in Europe. The Task Force was open to participation by al

UN ECE nenbers. Furthernore, the Wrld Bank, the European Bank for Reconstruction
and Devel opnent and other organizations were invited to participate. The Task
Force held four neetings and took several initiatives to evaluate the
possibilities for phasing out |eaded petrol in Europe. Based on this, the Task
Force has prepared the proposal for a pan-European strategy to phase out lead in
petrol presented in this docunent.

19. Inline with its mandate, the Task Force focused on providing the necessary
background anal yses to work out a technically well-founded proposal for a pan-
Eur opean strategy. In fulfilling its mandate the Task Force did, however, becone

increasingly aware of the fact that the phase-out cannot be separated from ot her
envi ronnental and heal th concerns.

20. Road traffic is a najor contributor to the em ssion of lead as well as to
several other severe environnmental problens. The phase-out of lead is an

i mportant neasure to inprove the environnment and health conditions all over
Europe, but it nust be underlined that there are still nany other environmenta
probl ens caused by nobile sources which nust al so be solved to finally achieve an
environnental |y sustai nable transport system This is clearly reflected, for
instance, in the Declaration of the UN ECE Regi onal Conference on Transport and
the Environnent held in Vienna on 12-14 Novenber 1997 as well as in the

Decl arati on of the central European Initiative (CElI) Mnisters: Towards
Sust ai nabl e Transport in the CEl countries, adopted in New York on 25 June 1997.

21. Initiatives taken under the mandate of the Task Force or in parallel include:

Ceneral considerations for a strategy to phase out |eaded petrol in Europe;
Country assessnents on, inter alia, the current status of the use of |eaded
petrol in 37 European countries;

A country programe for the phase-out of [ead frompetrol in Ukraine;

The Sofia Initiative on Local Air Quality (SILAQ organized a workshop in
Burgas, Bulgaria, to facilitate the exchange of experience and infornmation on
t he phase-out of lead in petrol. Al six countries that participate in this
Initiative are in the process of working out national plans for the phase-out of
| ead, or they have already conpleted their plans. The Task Force and the
Initiative have sought to coordinate their efforts so as to inprove

conpl ementarity and avoi d duplications;

A regional car fleet study;

A National Conmitrnent Buil ding Progranme covering Azerbaijan, Kazakhstan and
Uzbeki st an; and

An inpl enentors' guide on the process of phasing out lead in petrol
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22. The concl usions of the Task Force are based on the findings fromthe above
initiatives, supplenmented with existing relevant naterial conpiled and processed
by the Task Force.

23. In preparing the present proposal, the Task Force has focused on (i)
providing in-depth techni cal analyses and docunentation of the issue, and (ii)
reachi ng consensus anong Task Force nenbers on the conclusions to be drawn from
t hese anal yses. Consequently, this docunent presents a sunmary of the technica
results and a proposal for a pan-European strategy to phase out |lead from petrol
i n Europe.

24, Wthin the framework of the Convention on Long-range Transboundary Air
Pollution a protocol on heavy netals is being negotiated. This will, anong many
ot her objectives, address the question of the phase-out of lead in petrol

i ncluding a recommendation for a phase-out date. The negotiations, being highly
political and technically conplicated, nay or may not be conpleted before the
upconmi ng M nisterial Conference “Environnent for Europe” to be held in Arhus,
Denmark, in June 1998

25. The Task Force considers a protocol on heavy netals, a natural |ega

i nstrunment for inplenenting the conmon objective of phasing out lead in petrol
Thus, the Task Force views the future protocol on heavy netals and the present,
technically focused, strategy for the phase-out of lead in petrol as highly
conpl ementary initiatives.

l. ENVI RONMVENTAL AND HEALTH | MPACTS OF LEADED PETRCL

D. Envi ronnent al i npact

26. Seriousness of the problem Lead is a hazardous heavy netal and a known
neurotoxin that affects the neurol ogi cal devel opnment of young children and causes
cardi ovascul ar problens in adults even at |ow | evel s of exposure which were
previously thought to be safe. Evidence frommany countries suggests that human
exposure to lead is one of the nost serious environnental problens facing the
popul ati ons, especially the children. (Lovei; 1996 and 1997)

27. Sources of lead enissions. |n many urban areas, transport is the single nost
i mportant source of lead emissions. Lead in the formof tetraethyl |ead (TEL) or
tetramethyl lead (TM.) is added to petrol to increase the octane content. The
exposure is primarily caused by airborne lead and | ead in dust and soil. Lead

emi ssions and exposure in central city areas are typically 3-4 times higher than
in the suburbs and 10 tines higher than in rural areas. Exhaust from vehicles
usi ng | eaded petrol typically accounts for nore than 90% of the | ead emi ssions
into the atnosphere in congested urban areas, when few or no nmeasures to reduce

t hese eni ssions have been taken. (see for exanple Lovei; 1996 and 1997 and WAl sh
and Shah; 1997)

28. Vehicular |ead enissions consist of organic and inorganic |ead and are highly
toxic. Due to the small size of the |ead particles, inorganic lead is easily
absorbed by the body. Oher sources of |ead enissions include industrial

processes such as netal snelting and production and destruction of |ead batteries
as well as coal conbustion sources such as power plants, incinerators and certain
sources of donestic heating.
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Box 1 Exanpl es of |ead concentrations and effects of |ead phase-out
* | n Budapest, Hungary, average concentrations of airborne |ead in busy

parts of the city and those in the suburbs were 3.0 ng/n? and 0.4-0.5
ng/ nt respectively, 1985. (Lovei and Levy, cited in Lovei; 1996)

* The percentage of children having bl ood | evels above 10 ng/dl declined
from1l.5%to 8.2%in the Hungarian city of Sopron after traffic was
re-directed. (cited in Lovei; 1997)

* Rapidly decreasing |levels of anbient |ead concentrations in European
countries phasing out lead in petrol clearly denonstrate the benefits
to be achieved through | ead phase-out. (DEPA, MEE; 1997)

e In Jakarta, Indonesia 3.6 ng/n? | ead concentrations were neasured in a

central location and 0.3 ng/nf in a | ess congested district, 1987.
(Tri-Tugaswati cited in Lovei; 1996)

29. Lead absorption and accunul ation. Wile vehicular |lead em ssions prinmarily
pose an i medi ate heal th hazard through inhal ati on, emnissions also accurulate in
the soil, contami nate drinking water and enter the food chain, thus contributing
to ingestion for long periods of time. As |lead accunulates in the bones of the
human body and is gradually released into the bloodstreamthere is a very strong
argunent for arresting this devel opnent through an early phase-out of lead in
petrol

30. Local problem The environmental effects of |ead emissions are primarily
| ocal

E. Heal t h i npact

31. Children. Lead enissions are particularly harnful to children, whose
devel opi ng nervous systens are very susceptible to disruptions caused by | ead.
This and the fact that children tend to eat dust (hands becone contam nated), soi
and paint renders this group very vulnerable to the health hazards associated with
| ead emissions. Children of lowincone fanilies nmay be at special risk because
mal nouri shnent and physical stress exacerbate the inpact of |ead.

32. Exposure to lead retards the nental and physical devel opnment of children
causi ng reading and |l earning disabilities, changes in behaviour such as
hyperactivity, reduced attenti on span, and hearing |loss. The effects on the
intellectual performance and behavi our of children have been di scovered by
intelligence quotient (I1Q tests.

33. Increases in blood | ead | evels are the best indicators of exposure to |ead

Bl ood | ead | evel s even bel ow 10 micrograns per decilitre (10 ng/dl) can cause
serious and persistent damage to the nervous system Studies in western countries
of the relationship between blood | ead levels of children and their 1 concl ude
that an increase in their blood |lead |l evels of 10 ng/dl can be related to a
decrease in I Q of about 2.5. This conbined with statistical relations between
anbi ent | ead concentrations and blood | ead | evels suggests that a 1 ng/ nB8 increase
in anmbi ent airborne | ead concentrations causes an approxi nate nean decrenent of 1
IQ point in children exposed to the enissions. (Studies cited in Lovei; 1996,

Wal sh and Shah; 1997 and Lovei; 1997)
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Box 2 Exanpl es of health inpacts of |ead exposure and phase-out results
e |In Budapest, Hungary, 57% of tested children in downtown areas but only

about 2% in the suburbs had blood | ead levels over 20 ng/dl. This may
cause up to four 1 Q decrenent points in the children in the downtown
areas particularly exposed to | ead em ssions. (Rudnay, Lovei and Levy
cited in Lovei; 1996)

* |In Manila, the Philippines, 33%of street vendors 6-14 years of age who
are exposed to high levels of traffic-related | ead eni ssions had bl ood

| ead I evels over 20 ng/dl. Only 10% of ot her sanpled school children of

the sane age group exceeded the |level of 20 ng/dl. Mean |1Q decrenents
due to | ead exposure have been estimated at 2.2%in school children and
3.1%in child street vendors, while nmaxi mum | Q decrenents in these
popul ati on groups ranged from4.5 to 6.4 gradients, respectively.
(Hertzman, Subida and Torres et al cited in Lovei; 1996)

* In Katowi ce, Poland, an |1 Q gradient difference of 13 points existed
bet ween children with the highest and the | owest blood lead levels. In

Ronmhany, Hungary, children with blood | ead | evels above 25 ng/dl
exhi bited a reduction of 10 1Q points conpared to children w th bl ood

lead | evels below 10 ng/dl. (Hertzman, cited in Lovei; 1997)

* |In Bangkok, Thailand, it is estinmated that excessive exposure to |ead
has caused 200, 000 to 500,000 cases of hypertension, resulting in sone
400 deaths per year in the late 1980s. Sinmilarly, Jakarta, |ndonesia,
has an estinmated 130,000 cases of hypertension each year due to |ead
exposure. In Cairo, Egypt, nore than 800 infants are estinated to die
annual ly in consequence of their nothers' exposure to |ead. (Study
results cited by Wrld Bank/Lovei; 1996)

* Inthe United States, petrol contributed to about half the blood | ead
burdens neasured in the 1970s. Studies suggest that a decrease of 100
netric tons per day of |lead used in petrol is associated with a decrease

in nmean blood lead levels of 2.14 ng/dl in the American population. In
1976, when | eaded petrol was still used extensively in the United States
the average blood lead |l evels of the population was 16 ng/dl. As a

result of a gradual phase-out of lead in petrol it dropped to 10 ng/dl
in 1980 and 3 ng/dl in 1996. (United States EPA cited in Lovei; 1996)

34. Foetals. Foetal exposure to | ead nmay cause adverse reproductive outcones

i ncl udi ng reduced gestational age, reduced birth weight, foetal death, and
increases in infant nortality. Reduced gestational age and birth weight may, in
turn, be associated with other negative effects, such as reduced | G or other
devel opnental probl ens.

35. Adults. For adults, exposure to even low |levels of |ead concentrations has
been shown to cause high blood pressure with the increased risk of contracting
cardi ovascul ar diseases. This may result in heart attacks, strokes and prenature
death. Exposure to lead nay al so cause kidney injuries and increase the risk of
cancer.

F. Q her health and environnmental issues of |ead phase-out

36. Benzene naturally occurs in small amounts in crude oil, and is al so one of
the many aromatic conmpounds formed during oil refining, particularly reformning
processes. Aronmtics increase the octane rating of the petrol. Ortting |ead
frompetrol production may cause refiners to increase the content of aromatics,
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i ncl udi ng benzene. Thus, phasing out lead in petrol might in sonme circunstances,
if no nmeasures are taken to counteract it, inply increased enissions of benzene
and other aromatics. But there are other options for increasing the octane
rating, e.g. the use of oxygenates, which, as a side effect, will |lower CO and HC
em ssions. An increased content of benzene may al so be avoi ded by changing the
refinery processes. Finally, catalytic converters can hel p reduce emni ssions of
benzene significantly (by as much as 80%.

37. Scavengers. Hal ogenated | ead scavengers are added to | eaded petrol to
prevent significant deposits of lead in the conbustion chanber and on the spark

pl ugs. These scavengers are ultimtely exhausted fromthe vehicle and they create
dioxins. There are strong indications that scavengers nmay be carcinogenic in

ani mal s and humans. Renoving the |lead frompetrol will elinmnate the need for
scavengers and thereby reduce this cancer risk. As a side effect, the lifetine of
exhaust pipes and spark plugs will increase.

38. Hydr ocarbons (HC), carbon nonoxide (CO and nitrogen oxide (NQ) enissions
can be substantially reduced by the use of catalytic converters. The health
benefits froma reduction in these em ssions are nmanifold, and a substanti al
nunber of countries have inplenented catal ytic converter progranmmes.

39. I ndeed, emissions of HC, NG, and CO nay be reduced by nore than 90%

Catal ytic converters, however, require unleaded petrol, as |eaded petrol wll

poi son (deactivate) the converter. Evidence suggests that catal yst systens nmay be
very sensitive to the use of |eaded petrol and that even an occasional tank of

| eaded petrol will have a snall but pernanent effect on the level of enmitted

pol I utants (Wal sh and Shah; 1997). Thus, the availability of unleaded petrol is a
clear prerequisite for the effectiveness of catalytic converters.

. STATE OF THE PHASE- QUT OF LEAD FROM PETROL | N EURCPE

A Mar ket shares

40. Market shares of unleaded petrol have continued to rise in nost European
countries in recent years. A rough estimte suggests that unleaded petrol held a
mar ket share of about 65%in Europe in 1996, and the share is expected to be even
hi gher today.

41. Table 1 provides an overview of the status of phase-out of |eaded petrol in a
nunber of European countries. The table is largely based on data provided by the
countries thensel ves, supplenented by infornmation fromother sources in a few
cases. The table does not include European countries for which no infornmation was
available. It should be noted that petrol use estinates are |argely based on

i nformation on production, inports and exports. Thus, no account is taken either
of stock fluctuations or cross-frontier trade. The latter is a mjor reason for
the high per capita petrol consunption in Slovenia.

42. The table clearly shows the trend of increasing nmarket shares for unl eaded
petrol in European countries. Thus, 16 of the 37 countries |listed had market
shares above 75%in 1996. Anong them 11 countries had market shares in excess of
90% and 7 of those had phased out lead in petrol conpletely by 1996: Sl ovaki a,
Sweden, Norway, Finland, Dennark, Austria and Al bania. Another 10 had market
shares between 50% and 75% The table al so shows a great discrepancy between
countries. Thus, 4 of the 37 countries had market shares of unl eaded petrol bel ow
20%in 1996, and 7 countries had nmarket shares in the range of 25% 50%
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Table 1. Status of unleaded petrol in Europell

Country Maxi mum [ Em ssions | Production [Refineries | Market share of unleaded petrol Petrol use

figures | ead of |ead of | eaded Year, %

apply to cont ent from and unl eaded
| atest year | inleaded | vehicles petrol

avai | abl e petrol

Cat egori zed o/l g/ capita 1000 n? Nunber “90 [ 91 [°92] 9394 “95] 96 1000 [nT per

acc. to nm 1000
1996 mar ket i nh.

share

< 25%
Ar neni a 0.17-0. 37 <1 0 0 0 0 0 311 85
Bul gari a 0. 15 16. 2 1, 653 3 <1 1 1 2 5 7 6 1, 257 149
Ronani a 0.32 3, 650 5 13 5( 1,643 72
Cyprus 0.15/0. 40 116 1 2 3 5 7 11 255 342
Tur key 0.15/0. 40 16.9 4,109 5 <1 <1 2 5 8 8 18 4,756 78
25% 49%
Croatia 0.15/0.50 53.9 1,435 2 3 12| 15| 23 25| 30 780 163
G eece 0.15/0. 40 4,726 4 10| 16| 23| 43 32 3,841 373
Italy 0. 15 26, 658 17 6 8| 11| 26| 36 39 46( 25,091 435
Pol and 0.15 10. 4 5, 589 7 26 35| 48| 6,800 176
Por t ugal 0. 15 3,424 2 18 15| 23| 37| 34 35 42 2,597 262
Spai n 0. 15 8, 950 10 22 8, 433 214
Azer bai j an 0.12-0.17 15.8 723 2 57
Russi an 0.17-0.37 27.0 36, 591 26 30 38 47 33, 254 224

Feder ati on

50% 74%

Bel gi um 0.15 5,614 4 27 38| 47| 57| 65 69 74 3, 658 373
Czech Rep. 0.15 22.0 1, 649 4 37 48 55 2,461 238
France 0.15 22,917 15 50 56| 19, 863 345
Hungary 0. 15 3,141 2 49 64

Irel and 0.15 513 1 41 47 53 58 57 65 1,511 420
Latvi a 0.15 0 0 60 608 243
Republ i c of

Mol dova 0.17-0.37 15.0 0 0 50| 50 287 67
Monaco 0.15 15. 8 0 0 67 9 300
Sl oveni a 0.15 105 1 3 9| 20| 29| 36| 45| 54| 1,249 624
Uni ted 0.15 18.6 37,394 11 41| 47| 53| 58 63 68

Ki ngdom

75% 89%

Est oni a 0. 15 26.7 0 0 77 81 452 301
Kazakhst an 0.17 23 3,078 3 80 80| 2,927 180
Swi t zer | and 0.15 13.4 2 45 78 85

Ukr ai ne 0.15-0. 37 16. 6 3, 427 6 86 81 84 5,481 107
> 89%

Al bani a 0.15 50 ~100| ~100 72 22
Austri a banned <1 1, 468 1 100| 100 | 100 2,946 366
Bel ar us 0.17-0. 37 0.9 2,376 2 57 61| 79 97 1, 687 162
Dennmar k 0.15 <1 3, 309 2 58 64 70 77| 100( 100 | 100 2,539 495
Fi nl and 0.15 <1 4,641 2 53| 58 70| 87|100| 100 | 100 2,529 495
Ger many 0.15 3.0 33, 067 18 69| 78 | 85| 89| 92| 95 98 | 39, 600 499
Georgi a 0. 37 25.0 0 0 75 98 445 235
Li t huani a 0.15 2.7 1, 159 1 76 74 69 64| 41| 78 98 804 217
Net her | ands 0.15 3.2 14, 794 6 49 60 71 75 80| 82 92 5,535 359
Nor way 0.15 <1 4,238 3 55 92 100 2,255 518
Sl ovaki a banned <1 1,130 1 3 4 6 43| 81| 100 | 100 662 125
Sweden banned <1 5,544 5 100 | 100 5,180 587

Sour ces: DEPA, MEE; 1997; In the case of Spain, the source is Concawe; 1996.

Y The countries have been categorized according to the market shares of unl eaded petrol
in 1996. It should be noted that in all NS (apart fromthe Baltic States), a ngjor
part of petrol use is |lowoctane petrol (i.e. |ower than RONQO).
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43. In view of the proposed EU directive aimng to phase out |eaded petrol by
2000/ 2005 it is renarkable that four EU countries are found in this group; Spain,
Italy, Greece and Portugal. These four countries still use significant anounts of
| eaded petrol. At the same tinme it should be noted that central and east European
countries such as Slovakia, Estonia, Lithuania, Latvia, the Czech Republic,

Sl oveni a and Hungary have conparatively high market shares for unl eaded petrol

44, Many newl y i ndependent States appear to have fairly high narket shares of

unl eaded petrol. However, information on petrol distribution in these countries
is very limted and subject to a high degree of uncertainty. In Ukraine, for

i nstance, nore detailed investigations indicate that lead is likely to be added to
the petrol somewhere in the distribution channel to provide the average octane
demanded by the vehicle fleet. Thus, the narket share of unleaded petrol is
likely to be smaller than indicated in the table.

B. Strategies, plans and instrunents

45. Strategies and plans for the phase-out of lead in petrol have al ready been
wor ked out in a nunber of countries (figure in brackets indicate the final phase-
out date ainmed at): Croatia (2005: 85% nmar ket share), Lithuania (1997), Pol and
(2000), Romani a (2003), Turkey (2003) and Sl ovenia (2000). Hungary and Bul garia
intend to reduce the production of |eaded petrol substantially by the year 2000,
and Bul garia al so expects to ban the production and inport of |eaded petrol by the
year 2003. The Russian Federation has adopted an action plan to increase the
producti on share for unleaded petrol by 65% by the year 2000. The Republic of

Mol dova and Bel arus intend to phase out lead in petrol by the year 1998, while the
Ukrai nian refining i ndustry plans a phase-out of lead in petrol production by the
year 2000. It appears, however, that some countries have difficulties in

achi eving these objectives. Thus, the Russian Federation indicates that |ack of
financing is the main reason why the country is one or two years delayed in

achi eving the 65% objective. Simlar problens are foreseen in other newy

i ndependent States and in certain other central and east European countries such
as Bul garia and Romani a.

46. The EU Council of Mnisters has adopted a proposal for a directive
stipulating a ban on the sale of |eaded petrol by 1 January 2000. Individua
countries may, however, obtain an exenption until 1 January 2005 on the grounds of
excessi ve soci o-econom ¢ problens or by docunenting that a ban would not lead to
environnental or health benefits because of the climatic conditions in the country
concerned for instance. The proposed directive further includes the possibility
of sales of up to 0.5% 1 eaded petrol for use in vintage cars. The proposed
directive is subject to further discussions between the Council and the European
Parlianment, and the adoption of the final directive is expected to take place in

m d- 1998.

47. Measures applied. Past and current experience shows that the foll ow ng
neasures are commonly applied in Europe and have proven successful in supporting
t he phase-out of |eaded petrol

* Reduced lints for lead content in | eaded petrol
* Tax differentiation to the benefit of unleaded petrol; and

e Information canpaigns on the environmental benefits and the technica
feasibility of using unleaded petrol in different car nodels.

48. Furthernore, bans on the sale of |eaded petrol are in force in Austria,
Sl ovaki a and Sweden. The bans were, however, not inplenmented until a conplete
phase-out had been achi eved.
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49, In addition, a nunmber of countries enforce car exhaust emission linits which
can be net only by means of catalytic converters. The effective inplenmentation of
these limts naturally supports the demand for unl eaded petrol

Box 3 | ssues of inportance to the phase-out of lead in petrol in newy
i ndependent St at es

Petrol demand. Low octane petrol holds a high narket share in the newy independent
States today. The petrol denmand structure is, however, likely to change in the
future towards hi gher octane petrol. Vehicles manufactured in these countries have
no probl ens using unl eaded petrol. Unleaded petrol appears to have very high nmarket
shares in the newy independent States, although information on nmarket shares is
uncertain. In the newy independent States, the nunber of grades sold at the petro
stations can be much higher than in other parts of Europe; 10-15 grades as opposed
to about 3 grades.

Petrol supply. Refineries need substantial investnents to change their product
slate to satisfy with future denand, inter alia, due to a significant decline in the
demand for heavy fuels caused by the significant shift to the use of natural gas in
energy production. The changes called for include a higher fraction of |ight
products and a higher fraction of high-octane petrol. There appears to be a
substantial excess distillation capacity in nmany newly independent States. Lead is
added in very linmted anpunts at the refineries.

Petrol distribution. There are indications that lead is added somewhere in the

di stribution channel to bring the average octane pool up to the market requirenents.
There is no dual distribution of |eaded and unl eaded petrol. The control of the

di stribution system appears insufficient, and illegal and/or uncontrolled
distribution of petrol takes place. Enforcenent and control of petrol standards and
other requirenents al so appear insufficient, particularly at the distribution |evel
This problemis further conplicated by the lack of vertical integration (i.e. lack
of involvenent of refineries in distribution) and by the substantial nunber of snall
i ndependent petrol distributors.

Policies. Refinery nodernization plans (often involving | ead phase-out anong ot her
t hi ngs) have been worked out in nany countries, and they are often acconpani ed by
governnental ainms to phase out lead in petrol. However, the inplenmentation of these
policies and plans is considerably delayed in many countries. Mny countries have

i npl emented, or are in the process of preparing, stricter exhaust enission standards
requiring catalytic converters on cars, but the lack of a dual distribution system
woul d render these schemes highly ineffective. Petrol quality standards nust be
nore efficiently enforced and controlled. The |ack of a dual distribution system
considerably limts the scope of applying narket-based instrunents to increase the
demand for unl eaded petrol

Mar ket conditions. Privatization is well under way in a nunber of newy independent
States. However, in many there still seens to be a need for stable and conpetitive
conditions to undertake the refining activities.

Implications. The current high nmarket shares for unl eaded petrol may be difficult
to maintain in the future unless there is a substantial upgrading of the refining
capacity. There is a need for a dual distribution systemto support a gradua
phase-out of lead in petrol, and to support the effects of possible requirenents for
catalytic converters. There is a great need for strengthening enforcenment and
control of petrol quality standards. There is a need to establish attractive narket
conditions in order to provide the conditions for establishing a viable and
profitable refining industry in the long run and thereby increase the ability of the
refineries to attract external investors. There is a high degree of uncertainty as
to the actual average |lead content in the petrol consuned. This is because nost
data have been collected at the refinery level (and through the custons
authorities). There is a need to collect nore information at the retail level to

i nvestigate whether, and to what extent, lead is added to the petrol after it has
left the refinery or entered the country.
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50. Lead content in petrol. The majority of the countries in table 1 apply a
limt of 0.15 g/l for the lead content in | eaded petrol. However, in the newy

i ndependent States linmts are higher (in the range of 0.17-0.37 g/l). Romania has
recently reduced the Iimt fromO0.6 g/l to 0.32 g/l and plans a further reduction
by the year 2001. Croatia has a limt of 0.5 g/l for donestically produced
petrol, and of 0.15 g/l for inported petrol. Croatia will have a general limt of
0.15 g/l by the year 2002. G eece applies a limt of 0.40 g/l for the RON9O
petrol

51. Benzene content in petrol. Increasing concerns over other environmental and
health effects frompetrol use can be observed in Europe. For exanple, EU has
proposed reduced linmts for the content of benzene in petrol fromthe current

| evel of 5%v/v to 1%v/v. It appears that few, if any, newy independent States
have set linmts for the content of benzene. However, nost other European
countries including central and east European countries have a linmt for the
content of benzene of 5%v/v, and in sonme countries the limt is only 3%v/v.

[11. TECHN CAL OPTI ONS FOR PHASI NG OQUT LEAD

52. Refineries: The key sector. Most European countries are largely self-
sufficient in domnant oil refinery products such as petrol. A few snaller
countries (e.g. Estonia, Latvia, Arnenia, Republic of Ml dova, Luxenbourg and to
some extent Slovenia) rely on petrol inports. Furthernore, a country like
Ukr ai ne, which used to be a najor petrol exporter, now inmports approxinmately 50%
of its petrol. Phasing out lead frompetrol in a country necessitates changes in
the product mix of its domestic refinery sector. In Romania, however, the export
of unl eaded RONQO petrol ampunts to about twice as nuch as its total donestic
petrol consunption. One of the reasons for the fairly | ow Romani an narket share
for unleaded petrol is the believed inability of domestic car nodels to use

unl eaded petrol

53. Technical feasibility. For years oil refiners have added |ead to petrol
because it is the | east expensive way to increase the octane level to neet the
requi renents of the vehicle fleet. However, there are no technical reasons for
not using unl eaded petrol in nost vehicles. Most inportantly, it is technically
possi ble to convert nearly all types of refineries to the production of unleaded
petrol, although the costs to do so differ significantly. Conversion of
production to unl eaded petrol is sinpler and less costly in a country with a
nodern and sophisticated refinery sector than in one with refineries characterized
by ol der and sinpler refining technol ogi es.

54, Cctane denand. In phasing out lead frompetrol it nust be ensured that
refineries are capabl e of producing sufficient amounts of unl eaded petrol with the
aver age octane dermanded by the country's vehicle fleet. |[If the average octane

produced is |lower than the average octane denanded, it may result in the addition
of lead to the petrol somewhere in the distribution system (after the petrol has
left the refinery).

A Vehi cl es

55. Petrol quality. A petrol's octane nunber is a neasure of its propensity to
knock in a standard test engine. The higher the octane nunber, the better the
anti - knock performance.
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56. Vehicle fleet structure. The potential demand for unl eaded petrol depends on
the share of the vehicle fleet that can operate on unleaded petrol. The
consunption of unleaded petrol can further be stimulated by introducing price

i ncentives in favour of unleaded petrol and providing information on the vehicles
ability to use unl eaded petrol

57. Vehicles nmay be grouped into those (i) equipped with catalytic converters
whi ch must use unl eaded petrol; (ii) with hardened exhaust val ve seats but without
catal ytic converters, which may use | eaded as well as unleaded fuel; (iii) with
soft exhaust valve seats, which may not be able to use unleaded petrol; and (iv)

with two-stroke engi nes, which can al ways use unl eaded petrol. Only a snal
fraction of the existing vehicles in Europe are still presuned to need | eaded
petrol. They are predonminantly found in central and eastern Europe (excluding the

new y i ndependent States) where it is estinmated that approxi mately 40% of the
vehicle fleet need the lubricating effect for the val ves which can be provi ded by
| ead. Vehicles produced in the newy independent States can, however, all use
unl eaded petrol

58. For exanple, manufacturers indicate that Dacia and ARO nust be fuelled by
| eaded RON98, Skoda's nodel 120 (produced before 1993/1994) and FSO (produced

before 1990) are also said to need | eaded petrol. However, it is obvious that
additional testing is necessary to establish the correct fuelling requirenents for
these engine types. In EU a directive from 1989 stipulates that all cars sold in
EU, with certain exceptions, nmust be nmade for unleaded petrol. Since 1991, al

cars made in EU have been nade for unl eaded petrol

59. Cctane requirenent. Mst existing western European passenger cars have

engi nes with high conpression ratios that nake themvery econonical in terns of
fuel consunption. These engines require fuel with octane ratings up to RON98.
Cars made in western Europe normally require RON95. Vehicles with engines with

| ow conpression ratios may use petrol with | ow octane ratings, especially under
low to noderate | oad conditions. These vehicles are wi despread in sonme central
and east European countries, notably in the Russian Federation and the forner
Soviet republics. For exanple, in the Russian Federation all cars with two-stroke
engi nes use | ow octane petrol (MON76). The sane goes for a nunmber of Russian-nade
cars produced as late as the m d-1990s.

60. Petrol -driven heavy-duty vehicles. In contrast to the rest of Europe, npst
heavy-duty vehicles in the newy independent States are petrol-fuelled and use
| ow oct ane petrol

61. Catalytic converters. Vehicles with catalytic converters mnmust use unl eaded
petrol. \While conmpul sory use of catalytic converters will eventually lead to the
phase-out of |eaded petrol, use of this option as the neans to phase out |ead from
petrol may prolong the process unnecessarily. This is particularly true in

central and eastern Europe, where turnover rates for the vehicle fleet are | ow
Furthernore, it should be underlined that the availability of unleaded petrol in
sufficient amounts is a prerequisite for the effective inplenmentation of
requirenents to equip cars with catalytic converters.

62. Lubrication of the valves. Beside its octane-boosting abilities, |lead al so
| ubricates the exhaust valves in engine cylinders. Cars with soft valve seats of
cast iron or soft steel may suffer under severe engine conditions if the |ead
content in petrol goes below a certain limt. For all practical purposes the
limt is estimated to be substantially Iower than the comon limt of 0.15 g/l.
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During the phase-out process in Dennark, the |lead content was reduced to 0.05 g/l,
and apparently this did not cause any problens for the vehicle fleet. European
car manufacturers guarantee that a level of 0.07 g/l is sufficient. The ol der
part of the car fleet typically consists of cars with soft valve seats, but also
brands produced in central and eastern Europe in the early nineties may need the

[ ubricating effect.

63. The refining industry in a nunber of countries has devel oped and used a
(sodi um or potassi um based) additive to replace lead to lubricate the valves in
cars with soft valve seats. For exanple, in Slovakia, where a large part of the
car fleet consists of vehicles with soft valve seats, the devel opnent and use of a
specific alternative lubricating additive is considered of the utnost inportance
for the successful and rapid phase-out of |eaded petrol. This devel opnment is an
i mportant breakthrough in the efforts to accel erate the phase-out of lead in
petrol. The no-lead lubricating additives may be added to the petrol at the
refinery, by the distributor, or as is the case in Gernany, they nay be purchased
separately at the petrol stations and added during filling by the car users

t henmsel ves.

64. In Sweden, an estimated 500,000 cars need the lubricating effect previously
provided by [ ead, and other additives are now used instead. The additives are
added to the RON96 and RON98 petrol. Car nanufacturers cannot guarantee that
catalysts will not be damaged by the additive in the long term

B. The refinery sector

65. Gl refining. An oil refinery transfornms crude oils into nunerous co-
products, one of which is petrol. Petrol production is a conplex operation

i nvol ving the production of a nunber of petrol conponents and nmi xi ng these bl end
stocks to a given specification

66. In a |ead phase-out context, the fundamental issue is how to conpensate, nost
cost-effectively, for the loss of octane, resulting fromthe renoval of |ead from
petrol

67. The formul ation of the end product varies fromrefinery to refinery. Each
refinery is unique and has its own process capacity to produce a uni que set of

bl end stocks. Each refinery has its individual cost structure and faces a uni que
set of technical requirenents when product quality is to be changed or inproved,

i ncludi ng the renoval of |ead.

68. Refinery types. Refineries nay be grouped into three nmain types based on the
conplexity of their operations. Topping refineries are the sinplest of all. The
processes include crude distillation, treating and bl ending. Hydro skinmi ng
refineries are relatively sinple, using the processes of crude distillation
treating, upgrading (generally, only catalytic reformng), and bl endi ng.
Conversion refineries are relatively conplex, including crude distillation
treating, upgrading, conversion (e.g. catalytic cracking), and bl ending. For
toppi ng and skimm ng refineries the mx of refined products is, to a |l arge extent,
determ ned by the quality of the crude oil processed, while the nore advanced
conversion refineries can yield larger fractions of higher valued |ight products,
e.g. high-octane petrol and high-grade diesel fuel, and | ess heavy products.

69. Ability to produce unleaded petrol. Under normal circunstances, topping
refineries cannot produce as much finished petrol with the needed octane nunber
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wi t hout adding lead. Most hydro ski mers and conversion refineries can nmaintain
petrol production in a | ead phase-out, utilizing either existing refinery plant
capacity or through plant or process nodification. Most of the approximtely 200
refineries in Europe are conversion refineries with facilities to upgrade petrol
e.g. by reforming. Still, the relative capacity differs substantially, and
central and east European countries (in particular newy independent States) need
signi ficant conversion and upgradi ng capacity to be able to produce sufficient
amounts of unl eaded petrol with the denanded average octane nunber

70. Replacing lead. Wen no lead is added to the petrol, the octane incremnment
formerly provided by lead (e.g. in the order of 3 RON for 0.15 g/l in the case of
hi gh- oct ane petrol) nust be replaced to satisfy the octane requirenment of the

exi sting vehicle fleet. Following a decision in EU, all new cars in EU nust be

able to run on RON95 unl eaded petrol. There are several options for replacing
lead. In general, the nore advanced the refinery, the nore technol ogi cal options
exist. In general, capital investnents are needed to nodernize the refinery

operations.

71. The needed increase in octane nunber can be obtained by (i) increasing the
relative volume of high-octane bl endstocks (e.g. alkylate and refornmate), (ii)

i ncreasing the octane of the reformate, and (iii) by addi ng oxygenates with high
oct ane nunbers (e.g. nethyltertiarybutylether (MIBE)). Each refinery nust find
its own individual solutions. Increasing the reforner severity as a single
neasure can in certain circunstances lead to an increase in the content of
aromatics in the unl eaded petrol and in the em ssions of benzene.

72. Experience from sone countries, e.g. the United States and Gernany, shows,
however, that there need not be an increase in the average |evel of aromatics,
benzene or sul phur after a phase-out of lead. As a result of the increase in
oxygenates in petrol, carbon nonoxi de and hydrocarbon enissions after conbustion
are significantly reduced.
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Box 4 Refinery alternatives for |ead phase-out and the inplications for
benzene em ssi ons

Skinming refineries. The nost cost-effective nethod to avoid adding lead to
the petrol will in nbost cases be to increase reforner severity and/or expand
reform ng capacity. This option will, however, lead to a |larger content of
aromatics, including benzene. Alternatively, refineries may add purchased
oxygenat es or other octane-enhancing additives. These options are not
presently thought to have negative environnmental and health inplications.
Addi ng butane, on the other hand, will increase the volatility of the petrol
pr oduced.

Conversion refineries have nore ways to avoid adding lead to the petrol poo
and avoi d increasing other known environnental and health dangers. These
addi tional options include the installation of isonerization, polynerization
and al kylation units and the installation of technology to establish their
own production of MIBE. Still, increasing reformer severity and/or expandi ng
refornm ng capacity will in nost cases be the cheapest solution for conversion
refineries as well.

Inplications. There are fewer options available for phasing out lead in
skimming refineries conpared to conversion refineries. |If an increase in the
content of benzene is to be avoided in skimmng refineries, there are two
options: (i) to add purchased octane-boosting additives and/or (ii) to
upgrade refineries to include conversion. The fornmer may not be the nost
cost-effective, but it does not involve substantial up-front investnents. The
second option normally requires substantial upfront investnents. Undertaking
t hese investnments will, however, typically allowthe refinery to reduce its
operational costs for petrol production, and provide it with nore cost-
effective options to replace |ead.

C. Di stribution system

73. Requi renents. The introduction of unl eaded petrol may be supported by a
distribution systemthat allows for separate storage, transport and sal e of |eaded
and unl eaded petrol. Furthernore, the distribution system nust ensure that no
cont ami nati on of unleaded petrol occurs, which may harmcars equi pped with

catal ytic converters designed to use unl eaded petrol only. Sale of unleaded petrol
may require new punps in addition to those used for |eaded petrol with different
size of punp nozzles to avoid msfuelling.

74. Distribution of petrol in the newy independent States. The distribution
system presents a specific area of concern in much of central and eastern Europe,
notably in the newy independent States. For exanple, in Wkraine this sector in
its present state nay prove to be a najor obstacle to an effective inplenentation
of a phase-out strategy. The distribution of petrol in Wkraine is largely
undertaken by many snmall distributors, and their nunber is steadily increasing.
There is little exact know edge on the distribution system but it remains a fact
that control and enforcenent of existing |egislation on fuel standards and safety
regul ations are insufficient, and that it is considered a very difficult task to
enforce petrol quality standards beyond the refinery |evel.
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I V. ECONOM C BENEFI TS AND COSTS OF PHASI NG OQUT LEAD

A Econoni ¢ benefits of inproved health

75. The econonic benefits of the phase-out of |ead equal the avoi ded econonic
costs of inpacts on health resulting fromvehicular |ead em ssions.

76. Children. These social costs primarily relate to reduced productive and
earning powers over the lifetine of those suffering cognitive danage. The soci al
costs may be divided into

e Direct effects of lowered 1Q on earnings, e.g. in ternms of reduced
productivity;

* Indirect effects influencing the length of education and participation in the
wor kf or ce

Furthernore, quality of Iife and general welfare may be affected.

77. The econonic benefits of avoi ded health inpacts are country-specific. They
depend on cost of |abour and capital, |abour productivity, |ife expectancy, cost
of health care and the way people value their health and Iife. The figures given
bel ow should be seen in this light. A review of studies on health inpacts

concl udes that a one-point reduction in IQis associated with a 0.9% reduction in
l[ifetime earnings in the countries studied. Furthernore, |learning disabilities
anong children caused by exposure to lead may result in a need for special
education or similar assistance.

78. Adults. For adults, the direct costs that nay be avoi ded through a phase-out
of lead include nedical expenditures owi ng to hypertensi on and strokes, m ssed

wor kdays, other disconforts, restriction in leisure activities, pain, and the risk
of premature death.

79. Factors affecting the health benefits. The total benefits for a particular
country of phasing out lead in petrol depend on a nunber of country-specific
features, such as traffic intensity and popul ation density. As a genera
observation, central and eastern Europe is characterized by |less intense traffic
than western Europe and | ower popul ation density. Both these factors suggest that
the benefits per unit of |eaded petrol phased out are likely to be smaller in
central and eastern Europe than in western Europe.

80. On the other hand, there is a clear tendency of an increasing nunber of cars
per capita in many central and east European countries, which is likely to

i ncrease vehicular |lead enmissions if no neasures are taken to counteract this
effect.
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Box 5 Exanpl es of valuations of health benefits from phase-out of |ead

* The estimated net present value of benefits associated with a 1 ng/dl
per manent reduction in nean blood | ead | evels amobunted to US$ 1, 300 per
child turning 6 years each year in the United States (Schwartz cited in
Lovei; 1996)

e The nunber of children receiving daily assistance beside their regular
school education is 17% hi gher anong those with high | ead exposure than
those with | ow exposure. (Bellinger et al). These costs have been
estimated at US$ 3, 320 per child with blood | evels above 25 ng/dl in the
United States in 1989. (Schwartz cited in Lovei; 1996)

¢ Annual health benefits in the United States of reducing the popul ation's
bl ood lead levels by 1 ng/dl were estimated at US$ 6.9 billion for

benefits relating to children and US$ 9.9 billion for benefits to adults.
(Schwartz cited in Lovei; 1996)
. In the Russian Federation, it is estimated that the annual environnenta

benefit (avoided environnmental |oss) fromthe conplete renoval of |eaded
petrol would amount to US $1.44 billion. The gradual equipping of al
cars with catalytic converters would add another US$ 0.8 billion to that
amount in terns of additional avoided environmental |oss. (SCEP;, 1997)

81. Finally, benefits are not distributed evenly across a particular country.
Particul ar urban areas in central and eastern Europe may be exposed to nuch hi gher
traffic intensity than the country average. These areas woul d, of course, benefit
substantially fromlead phase-out. For exanple, the popul ations of St. Petersburg
and Moscow in the Russian Federation have benefited fromthe phase-out of |ead
frompetrol in these two cities.

B. QO her economnic benefits
82. In addition to the health benefits, car owners will al so experience savings
fromreduced mai nt enance costs as a result of the shift fromleaded to unl eaded
petrol. These savings can be attributed to inter alia: (Studies fromUnited

States EPA cited in Wal sh and Shah; 1997):

e Longer intervals between spark plug changes;
* Reduced need for nuffler replacenent; and
* Reduced need for exhaust pipe replacenent.

Furthernore, experience fromthe United States has indicated | onger intervals
between oil and filter changes. However, this need not necessarily apply to
Eur ope.
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Box 6 Conmponents of cost savings fromthe use of unleaded versus | eaded petrol

e Canadian estinmates (1980 prices) indicate maintenance savings fromthe
shift fromleaded to unl eaded petrol in the range of US$ 0.017 per litre
of petrol, corresponding to about US$ 27/year. (Mowl e, 1981 cited in
Wal sh and Shah; 1997)

* For the United States, naintenance savings fromshifting fromleaded to
unl eaded petrol has been estimated to be in the range of US$ 0.003 to US$
0.024 per litre of petrol. (Hrshfeld and Kol b; 1995 and Wl sh; 1995)

* United States estinmates of the cost savings for light-duty vehicles lie
in the range of US$ 0. 00145/ km when usi ng unl eaded petrol conpared to a
level of 0.29 g/I. Conparing a level shift frompetrol with a | ead
content of 0.13 g/l to unleaded petrol, the cost savings are estimated to
amount to about US$ 0. 00037/ km (United States EPA, 1985)

83. Although available estinmates on the cost savings achieved show a fairly high
degree of variation (box 6) and are relatively old, it is neverthel ess inportant
to note that significant naintenance cost savings can be achieved by shifting from
| eaded to unl eaded petrol

C. Econoni ¢ costs of phasing out |ead

84. Refineries in Europe. The nunber of refineries in eastern Europe and the
new y i ndependent States is conparable to the nunber in western Europe. The
aggregate crude oil distillation capacity is also of a simlar size. However,
west ern Europe has a secondary processing capacity, neasured as a per cent of the
crude oil distillation capacity, nuch higher than eastern European refineries and
refineries in the newy independent States. The difference is particularly
pronounced with respect to the conversion capacity as shown in table 2.

85. Fur t her nor e,

the refineries in eastern Europe tend to be ol der, nore energy-

i ntensive, and generally in need of repair and mnai nt enance.
Tabl e 2. Refi ning capacity in Europe. Petrol production
Regi on Nurber Crude oil Catal ytic Catal ytic Ref or m ng
of capacity cracki ng hydr ocr acki ng 1, 000
refineries | 1000 b/cd 1,000 b/cd 1, 000 b/cd b/ cd
(conver si on)
West ern Eur ope 112 14, 121 2,125 716 2,158
Central and
eastern Europe
i ncl udi ng 96 12, 650 837 91 1, 483
new y
i ndependent
St at es
Source: Ol & Gas Journal, Dec. 1996




ECE/ CEP/ 44
page 23

86. Investnment requirements. It is difficult to give an estimate of the

i nvestnments required to phase out lead. Each refinery in the world is unique with
its own profile of technical process capacity, crude oil and product slate.
Specific investnent strategi es depend, inter alia, on the condition of the

exi sting equi pnent and the potentials and costs of revanping existing units, |oca
mar ket conditions and refining inputs. Hence, the investnents needed and the
techni cal options for renoving | ead shoul d be assessed case by case. However, the
cost of phasing out lead frompetrol will, in general, be less for the advanced
refineries, which have nore technol ogi cal options avail able for adjusting.

87. Studies and actual country-specific experience in, for exanple, Slovakia and
Bul garia indicate that a reduction in the |ead content of petrol can to sone

ext ent be acconplished by optim zing and nodifying refinery operations, thereby
substantially reduci ng net costs.

88. The opportunity to bl end octane-boosti ng purchased organi c conponents (e.dg.
MIBE) into the petrol pool is an alternative to undertaking the upfront capita

i nvestnents, which to sone extent have been used in a nunber of countries.
However, extensive use of this option is usually nore expensive in the long run
because of the excessive recurrent costs related to this option. Hence, it should
be seen mainly as a tenporary nmeasure to gain marginal octane in a transition
phase, and as a neans of fine-tuning the octane pool to satisfy demands.

89. Cost estimates. Cost estimates of phasing out lead at refinery |evel may be
made either in ternms of estimated investnent costs required to change production
technol ogy and capacity, or the additional cost per unit of future unl eaded petrol
producti on.

90. Cost estinmates froma nunber of studies at individual refineries, including

i nvestment cost anortized over the life of the investnment and increnenta

operating costs, indicate that the cost of phasing out |eaded petrol is US$ 0.01-
0.02 per litre of petrol. The incremental cost of a total |ead phase-out has been
estimated at approximately US$ 0.03 per litre for |ess advanced ski mm ng
refineries, but nmay be higher in sone cases. These estinmates were nade for
specific refineries and should therefore be interpreted with care. However, the
figures seemto be a relatively good indication of the order of nagnitude of the
phase-out costs. It should be noted that investnent requirenents at refineries as
such may, and often do, largely exceed the above nunbers. However, this is because
the investnments made, which are necessary for a cost-efficient |ead phase-out,
typically involve a nunber of additional efficiency gains, which would in any case
be needed in a conpetitive market perspective. The above costs, therefore, relate
to the share of investnent costs which can be attributed only to the renoval of

| ead.

91. Sweden has estinmated that the costs of the additive which has replaced | ead
to lubricate the valves are about US$ 0.003 per litre of petrol

92. Hypothetical studies of the refining sector in Latin America and Asia (Abt,
1995) show that the mini num cost solutions of |ead phase-out at a hydro skinm ng
refinery and at an advanced conversion refinery exhibit substantial variations.
The total costs of a | ead phase-out (including capital charges) anmobunt to US$ 0.01
per litre of petrol for the average conversion refinery, conpared to US$ 0.02 per
litre for the average hydro skinming refinery. However, investment requirenments
are larger for the conversion refinery (US$ 59 nmillion (per 100,000 barrel s/ day
capacity) conpared to US$ 50 mllion). The hydro skimmng refinery will, thus, be
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faced with fewer upfront investrment requirenents, but the total costs per litre of
petrol will be higher, because the hydro skinmng refinery has to add expensive
pur chased organi c conponents (such as MIBE) to the petrol pool in order to reach
the required octane quality.

93. Hypot heti cal cost estimate. Based on the above study, a very rough estimte
of the order of magnitude of investnent requirenments in central and eastern Europe
may be cal culated. The estinmate assunes that the technol ogi cal status of the
refineries there equals that of Latin Anerican and Asian refineries and that they
are simlar with regard to other relevant features. This is, of course, a very
rough assunption. The cost estinmate takes as a staring point the investnent cost
per 100,000 barrel s/day refinery capacity. These investnments costs are then
scal ed by the actual capacity of an average central or east European refinery
(approxi mately 130,000 barrel s/ day).

94, Under these assunptions, the upfront investment cost of phasing out |eaded
petrol in the central and eastern Europe (including the newy independent States)
can be estimated at US$ 6-8 billion. This figure, however, probably
underestimates the real costs of a cost-effective | ead phase-out, although the
esti mate does not take into account that the refining industry in some central and
east European countries is fairly advanced, in a good condition and producing
substanti al amounts of unl eaded petrol. Costs could be higher because revanps are
not included, and because many refineries are in need of repair in order to
operate efficiently with current technol ogy. Secondly, the estinmate does not

consi der the need in sone central and east European countries, in particular the
new y i ndependent States, to technologically restructure the industry in terns of

i ncreasing the conversion capacity and other nore advanced processes. (See table
2). The investnent costs in this case may range from US$ 200-300 million or nore
per refinery. Some refineries in central and eastern Europe are likely to need
nore critical revanps |leading to investnent costs even in excess of this estinmate.

95. For exanple, a Russian investnment progranme with a total cost of US$ 12-15
billion ainms to switch the product slate towards |ighter products including an

i ncrease of 65%in the production of high-quality unleaded petrol. The progranme
thus ainms to make the Russian refining industry nore efficient, and thereby
increase its conpetitiveness. The figure may, therefore, give a nore realistic
estimate of the investnent costs involved in inproving the efficiency of the
Russi an refinery industry, enabling it also to produce nore high-quality unl eaded
petrol in a cost-effective manner.

96. In conclusion, the investnent costs that can be attributed to | ead phase- out
al one may be estimated very roughly at US$ 6-8 billion. Furthernore, a cost-

ef fective | ead phase-out (with the |east social costs) will require additiona
investrments to inprove the efficiency of refineries in general. These investnents
can be fairly large, and far in excess of the costs that can be attributed to the
| ead phase-out al one.

97. Financial and institutional constraints. The ease with which the shift to
producti on of unl eaded petrol can take place depends on the ability of the sector
to respond to changes in product denands. This is particularly an issue in
countries where the refinery sector is in transition from State ownership and
protection to partial or full private ownership and narket |iberalization. Many
refineries in these countries experience imediate difficulties in attracting
investors to provide the often very |large capital investnments needed for their
reconstructi on and possible addition of new process units. This is an area of
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concern in many newy independent States and in sone other central and east
Eur opean countries such as Bul garia, Ronania and Croati a.

98. Technical restructuring. It is generally accepted that the refineries in a
nunber of newly independent States have to reduce their production surplus of
heavy fuel oils and shift the production towards |ighter products to neet current
and future demand profiles. To this end, the refinery sector nust undergo
technol ogi cal restructuring to remain profitable. This restructuring can to sone
extent facilitate the | ead phase-out in petrol production as it will increase the
oct ane pool of the petrol production, and because | ead phase-out objectives may be
i ncluded as an explicit conponent in the restructuring.

Box 7 Exanpl es of nodernization progranmmes in the refinery sector

A nunber of central and east European countries are in the process of
preparing noderni zation plans and progranmes for their refineries. The
estimated upfront investments are substantial

e A ngjor programme for nodernization and reconstruction of the refinery
industry in the Russian Federation was approved in 1996 at an esti nated
cost of US$ 12-15 billion. The programme is intended to increase the
out put of light products at a nunmber of Russian refineries including an
i ncrease in the production of unleaded petrol of 65% However, the
fulfilment in the year 2000 of the programre has been del ayed 2-3 years
due to limted financial resources.

e Wthout further investnents the Bulgarian refineries nmay at the nost
attain a production share for unleaded petrol production of 80%
Investments of US$ 110 million, primarily at a mediumsized refinery, are
needed to reach a point where the total production is unleaded and has a
sati sfactory octane rating of RON95. In 1995, about 7.5 million tons of
crude oil were processed, and processing capacity is estimated in the
range of 12.5 million tons. The mmjor obstacle to nodernization and a
phase-out of lead at the Bulgarian refineries is the lack of finance.
The substantial upfront capital investnents should, however, be bal anced
agai nst the increase in the efficiency of refinery operations and the
opportunities for realizing a product slate of a higher val ue.

* In the final stages of the | ead phase-out programme in Slovakia it was
necessary to add upgradi ng capacity at the refinery conbined with a unit
for the production of a lubricating alternative to lead. The tota
i nvestment costs in the final stage anounted to US$ 25 million, which
translates into a total cost increase of US$ 0.02 per litre of petrol
(i ncluding operational costs and use of the no-lead lubricating
additive). In the earlier stages, reformer severity increase and
optim zation of refinery operations reduced the |ead content in petrol
fromO.7 g/l to 0.4 g/I. Further optim zation and the addition of

organi ¢ conmponents brought the | ead content down to 0.25 g/l. To bring
the lead content down to 0.15 g/l a conversion unit was brought on
stream

99. Demand projections. To ensure a long-termcost-effective phase-out of |ead
in petrol, refinery nodernization plans which aim (anong ot her things) at phasing
out lead frompetrol nust be keyed to sound projections of the country's vehicle
fleet and hence the likely required volune and average octane of the country's
petrol demands.
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100. Distribution. In nost countries, the introduction of unleaded petrol nay be
carried out without significant changes in the distribution infrastructure. Many
countries already have a dual distribution systemwhich clearly distinguishes

bet ween | eaded and unl eaded petrol, and in many of these countries there is also a

fairly widespread distribution of unleaded petrol. This is true of all eastern
Eur opean countries and nost central and east European countries, excluding the
new y i ndependent States. Still, it should be noted that market shares for

unl eaded petrol are fairly lowin Bulgaria and Ronania. Nevertheless, 22% of the
petrol stations in Romania offered unl eaded petrol in 1995.

101. In the countries which have a wi de and separate distribution of unl eaded
petrol, the costs of gradually increasing the market share of unleaded petrol wth
the ultimate ai mof phasing out lead in petrol conpletely are likely to be fairly
small. They may relate primarily to the once-and-for-all cleaning of tank
lorries, pipes and underground storage tanks to be converted to unl eaded petrol
only.

102. In many newl y i ndependent States, there appears to be a need for nore
substantial changes in the distribution systemin order to carry out a gradua
phase-out of lead in petrol, and the inplenentation of these changes may involve
significant costs. A major issue in this regard relates to the establishnent of
appropriate procedures and nethods for enforcing and controlling quality standards
beyond refinery level. This issue is further conplicated by the [ arge nunber of
i ndependent distributors. Furthernore, a dual distribution systemis a
prerequisite for (i) the efficient inplenentation of instrunments that aim at

i ncreasing the demand for unleaded petrol, and (ii) requirenents for catalytic
converters, which are under consideration in many new y i ndependent States, to
have an actual positive environnental effect.

103. The establishnent of a dual distribution systemin the newy independent

St ates concerned need not, however, nmean a need to establish additional punps at
the petrol stations. At present it appears that the nunber of grades sold in the
new y i ndependent States may be quite large (in the order of 10 different grades
conpared 3-4 grades which are comon in many other countries). Internationa
experi ence actually suggests that the optimumis a three-grade structure
(Chensystens, 1996). Thus, the introduction of a dual distribution system m ght
be acconpani ed by a reduction in the nunber of grades sold. This has proven a
fairly common approach in nost of the countries where a dual distribution system

has been established. In this case, the costs would relate mainly to the once-
and-for-all cleaning nentioned above and to the provision of different punp nozzle
sizes for the | eaded and the unl eaded grades. It nay, however, be carefully

consi dered whether a full cleaning of the systemis appropriate. Switzerland, for
i nstance, undertook a drainage only of tanks, punps and pi pes when changing from
0.15 g/l to 0.013g/! (unleaded petrol).

V. FEASI Bl LI TY AND PHASE- QUT MEASURES

104. Experience in Europe and el sewhere has proven the economnic and technica
feasibility of phasing out |eaded petrol. However, the conditions for phasing out
lead in petrol in Europe may vary a great deal fromone country to the other

| mportant paranmeters for the feasibility of phasing out | ead are presented in
table 3. The table sunmarizes the naj or observati ons nmade by the Task Force with
respect to the feasibility of the phase-out of lead from petrol in Europe.
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A Feasi bility and constraints

105. Phase-out is feasible. The nost inportant conclusion of the work of the
Task Force is that it is technically and econonmically feasible to phase out |ead
frompetrol in Europe in the not too distant future. Experience in Europe and

el sewhere has shown the econonic and technical feasibility of phasing out lead in
petrol. Furthernore, experience has al so shown that the phase-out of lead in
petrol can be achi eved without increases in benzene enmissions. This may, however,
nean t hat government action is needed to regul ate benzene content as well.

106. Technol ogical restructuring. Many newy independent States' refining

i ndustries experience great changes in the demand for their products. This calls
for substantial technol ogical changes at the refineries in order to be conpetitive
and profitable in the longer run. In itself, this nay prove to be an enabling
factor in the process of phasing out |ead. Lead phase-out objectives can be, and
often are, incorporated in these nodernization plans at fairly [ow additiona

costs since the nodernizations called for in thenselves are very costly and

i nvol ve substantial technol ogi cal upgrading.
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Tabl e 3. Paranmeters that affect the feasibility of a | ead phase-out
Sect or Par anet er s I npact on feasibility Country-specific features
Car Vehi cl es The use of other lubricating Cars believed in need of |eaded petrol dom nate
owner s with soft additives is an inportant neans relatively nore in the central and eastern Europe

val ve seats

to overconme this obstacle

It appears that alnmost all cars in the newy
i ndependent States can use unl eaded petrol

Vehi cl es
with
catal ytic

converters

Catal ytic converter requirenents
can assi st in making unl eaded
petrol nore widely avail able

Requirenents in force in EU and in nany centra
and east European countries including newy
i ndependent States associated to EU

Awar eness of

Car owners mmy be sceptical about

This constraint exists to sone extent in the

consuner s the applicability of unleaded central and eastern European. Awareness-buil ding
petrol . measur es have proven suitable in this context.
Refining [Amount of The feasibility of a | ead phase- |No refineries in small countries such as Estonia
industry [production out tends to be larger in Latvia, Georgia, the Republic of Mldova, Arnmenia
in the countries with little or no Luxenbourg and little production in Slovenia
country petrol production. O her countries such as Spain, Italy, the Russian
Federation, France, United Kingdom Bulgaria and
Germany have a large refining industry.
Technol ogi es [The hi gher the level of A general need for repair and upgrading in the
applied in technol ogy applied initially, the [newy independent States and in some ot her
production hi gher the octane pool and the countries such as Bulgaria and Romania. Most
less costly it will be to omt new y i ndependent States need technol ogi ca
| ead from petrol. restructuring to facilitate the necessary changes
in the product slate. Lead phase-out objectives
could be integrated in the process
Ability to Upfront investnent requirenents Large excess distillation capacity in nany newy
attract may often be substantial. The i ndependent States coupled with the need for
ext er nal ability of refineries to attract |[substantial technol ogical restructuring may
finance domestic or foreign investors is |require rationalizations to be carried out to
a crucial factor in achieving a establish a conpetitive and profitable refining
| ead phase-out. Difficulties in [industry. The appropriate conditions to undertake
attracting external finance may rationalizations and the establishnment of stable
stemfromthe current structure and conpetitive conditions for the activities in
of the refining industry and the |the refining sector are prerequisites to attract
general conditions in the country |investors. These issues need to be considered in a
consi dered for undertaking strategy for the phase-out of lead in petrol (see
refining activities. bel ow), if such a strategy is to be fully
i npl enent ed.
Di stribu- |Dual A dual distribution systemcan The lack of a dual distribution systemis mainly
tion distribu- support a gradual phase-out of an observation in some newy independent States
system tion and | eaded petrol. If unleaded petrol |such as Ukraine. In the newy independent States
avai | abi - is initially available at nost there is a substantial nunber of grades sold
lity of petrol stations it will be rela- |Limting their nunber nay reduce the costs of
unl eaded tively inexpensive to increase establishing a dual distribution system The |ack
petrol. sal es of unl eaded petrol. of a dual distribution systemsubstantially
weakens the environnmental effect of catalytic
converters
Policy Political The devel opnent of a EU proposal for a ban on sales of |eaded petrol by
| evel conmi t ment conpr ehensi ve and operati onal 2000/ 2005. Many central and east European
strategy to phase out |eaded countries have devel oped plans for the phase-out
petrol which takes into account of lead frompetrol. Their actual inplenmentation
the overall specifics of and may, however, in many cases be hindered or del ayed
conditions in the country is by the lack of finance to undertake the necessary
inmportant to the realization of investnents at the refinery |evel
an overal |l phase-out.
Use of Tax differentiation and Tax differentiation is wdely used in western
policy awar eness- bui | di ng nmeasures are Europe. It is also used in sone central and east
measur es i nportant nmeans to increase Eur opean countries, but the resulting consumer

demand for unl eaded petrol. price differences tend to be snaller. Awareness
bui I ding (information canpai gns) have been used
successfully in some countries, in particular in
west ern Europe
Enf or cenent Effective enforcement and control [Enforcenent and control may be insufficient in
and control of petrol and emission standards |sone central and east European countries, anobng
are -necessary to ensure the de which are the newy independent States. For
facto efficiency of such exanpl e, in Ukraine, enforcement and control are

standards including standards for
| ead content in | eaded and
unl eaded petrol

stated as a primary area of concern in regard to
the feasibility of a de facto and sustai nabl e
phase-out of lead in petrol
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107. I nvestment costs. Wile investnent costs related to the necessary refinery
conversion may be high, the increase in operating costs that can be attributed to
the renoval of lead alone will result in only fairly small increases in consuner
prices. Still, it is inportant to recognize the concerns in many central and east
European countries and newl y i ndependent States about the substantial upfront

i nvest ment requirenents.

108. The difficulties which some countries experience in attracting externa
investors to finance the necessary repair and upgradi ng nust, however, be
considered in a broader context in order to assess the actual reasons for

i nvestors' reluctance. Fundanmentally, the refining industry is considered a
favourabl e i nvest nent opportunity on the international markets. However, this
presupposes, anong other things, that prevailing conditions allow the sector to
act conpetitively and are stable and foreseeable. These conditions are a
prerequisite for the ability of the sector to remain or beconme profitable and to
plan long-term The fact that these conditions are not fully provided in sone of
the econonies in transition may actually place a stronger restraint on the

i mpl enentati on of a phase-out strategy than the investnent requirenments per se.

By the same token the renoval of this restraint is likely to be a very difficult
and conplicated task in many countries as it may, inter alia, involve |arge socio-
economi ¢ costs. These costs will arise as a result of structural rationalizations
and noderni zations in the refining industry.

109. Finally, it should be nmentioned that the nagnitude of the up-front

i nvest ment requirenents nmay hanper a determined effort to phase out lead in
petrol. It is therefore crucial to underline that (i) the refining industry is a
very capital-intensive industry and the investnent requirenents should be seen in
this light, (ii) the investnment costs nust often cover substantial upgrading and
repairs which will also help to inprove the general cost-efficiency substantially
at the refinery concerned, (iii) the investnent costs nay be depreciated over many
years. Consequently, the cost per litre of petrol can be estimated to be in the
range of US$ 0.01-0.03 per litre of petrol

110. Enforcenent and control. Adequate enforcenment and control of petrol quality
standards (in terns of regul ations, conpliance nonitoring procedures (sanpling,
testing, record-keeping, etc.) and statutory penalties for violations) together
with an environment where the rule of law prevails, are prerequisites for a de

facto phase-out of lead in petrol. |In sone countries the |ack of appropriate
resources, procedures and technol ogy may be an obstacle to efficient enforcenent
and control. This may prove to be an inportant barrier to an effective

i mpl enentation of a strategy to phase out lead in petrol, and it is, therefore,
i mportant to consider how to address this very conpl ex issue.

111. Dual distribution system A dual distribution systemis a prerequisite for
consuner ability to make a deliberate choice between unl eaded and | eaded petrol

This has inplications for the efficiency of catalytic converters. Furthernore, a
dual distribution systemis also necessary in a process where unl eaded petrol is

gradual |y phased in at the expense of |eaded petrol. A gradual phase-out of
| eaded petrol could be acconpanied by neasures to stinulate the demand for
unl eaded petrol. The absence of a dual distribution systemrenders it difficult,

if not inpossible, to apply these neasures. The |ack of a dual distribution
systemin (sone) newy independent States need not, however, be considered a
restraint in itself. Rather, it is the lack of efficient control and enforcenment
whi ch counteracts the establishnent of a dual distribution system Once efficient
control and enforcenent are in place, econonic incentives and awareness-buil di ng
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neasures can al so be inplenented. The introduction of these nmeasures will incite
the distribution systemto establish a dual distribution of petrol as a response
to the resulting changes in consunmer demand. The |ack of sufficient control and
enf orcenent nay, however, also be an obstacle to the establishnent of a dua

di stribution system by applying regul atory neasures (for exanple, a requirenent
that all petrol stations, or all new petrol stations, nust have at |east one punp
for unl eaded petrol).

112. Phasing out lead frompetrol without a dual distribution systemwould stil
require efficient control and enforcenment. The [ack of a dual distribution system
would in this case nean that the phase-out woul d be acconplished by gradually
reducing the I ead content in | eaded petrol, and it would nean that requirenents
for catalytic converters cannot be inplenented until the phase-out has been

conpl eted. Ot herwi se, the converters could be destroyed. Furthernore, the | ack of
a dual distribution systemwould nake awareness building i neffective. Economc
incentives could still be applied, but only vis-a-vis the refineries, and their
efficiency woul d depend on the tax differentiation being fully reflected in
consumer prices.

113. Vehicle fleet. The conposition of the vehicle fleet has been put forward as
a potential restraint for an accel erated phase-out of lead. Still, the car fleet
study (covering selected central and east European countries) and experience from
a nunber of countries seemto indicate that the seriousness of this restraint is
l[imted in the present circunstances. A najor breakthrough in this regard is the
devel opnent and wi despread use of other additives than lead to give the
lubricating effect for the valves in cars with soft valve seats. Furthernore,

awar eness- bui | di ng neasures have proven suitable in a nunber of countries to
overcone consuners' reluctance and scepticismwi th regard to the applicability of
unl eaded petrol

B. Phase- out neasures at the national |evel

114. Pl ans and instrunments applied. During the last 5-10 years a trend can be
observed in Europe where nore and nore countries work out plans for a phase-down
or phase-out of |eaded petrol. These plans often include, or are acconpani ed by,
specific instruments to support this process, e.g. lower linmts for the |ead
content in |leaded petrol, (stricter) limts for the benzene content, economc

i ncentives and awar eness-buil di ng neasures. These trends reflect increasing
concerns about health effects attributable to vehicular (lead) enmissions, and a
recognition of the need to take action to reduce or elimnate these effects. As
such they are inportant in relation to an accel erati on of the phase-out of lead in
Europe. However, there are indications that sone countries nmay face difficulties
in achieving these objectives. For these countries, and for countries which have
not yet adopted a strategy or a plan to phase out lead in petrol, working out a
strategy which considers the issue of |ead phase-out in a broad and conprehensive
context may prove highly beneficial. A strategy like this may facilitate a cost-
ef fecti ve phase-out of |ead which takes into account, for exanple, the socio-
economni ¢ costs involved and other environmental effects frompetrol production and
use.

115. A country strategy should also contain a tinme schedule for the | ead phase-
out, and it may, furthernore, identify the instruments to apply in the process.
Tables 4 and 5 sunmarize the nmajor interventions which may be applied to support
t he phase-out of | ead.
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Table 4 Possi bl e measures and activities to stinulate production and distribution
of unl eaded petrol
Type of Specific Eur opean experience Ef fi ci ency consi derations
nmeasure or measures or
activity activities +/ - Comment s
Regul at ory Ban on (+) | Bans have been |[In the period of adjustment, the
neasur es producti on i mpl ement ed i nposition of bans will substantially
and/ or sal es of only after reduce the scope of action on the
| eaded petrol | ead was part of refineries, which can lead to
phased out. excessively high costs. At the fina
stage of the | ead phaseout, bans on
sal es can ensure that inports of
| eaded petrol do not take place
This is particularly relevant in
countries bordering countries where
| eaded petrol is produced
Reducti on of + Reducti ons A highly relevant first step in
the limts for have been countries where the | ead content is
lead in | eaded wi del y still high. Experience proves that
petrol i mpl enment ed. refinery costs need not be very high
0.15 g/l is and that the soft valve seats do not
t he conmon need a | ead content above 0.15 g/l to
limt in provide the lubricating effect.
Eur ope.
Ban on the use + Scavengers Experi ence from Gernany indi cates
of scavengers have been that at a level of 0.15 g/l of |ead
in | eaded elimnated in in | eaded petrol there appears to be
petrol many European no techni cal obstacles to renoving
countries. t he scavengers.
Econom ¢ Tax on the - Assunmes that inport and production
measur es production of are efficiency controlled. Entails a
| eaded petrol risk that | ead may be added later in
t he process.
Lead credit - This schene was | The applicability in Europe is highly
tradi ng applied in the limted. European experience with
United States. such schenes is linmited, and the
schenme is dependent on well -
functioni ng markets.
Fi nanci al Support for + | I'nternational Feasibility studies, sector studies
i ncentives feasibility donor supported [ and assistance to the preparation of
st udi es and feasibility country strategies are undoubtedly
ot her studies st udi es have i nportant conponents to facilitate an
been prepared accel eration of the phase-out of |ead
in some central | frompetrol in Europe and to ensure a
and east cost-effective phase-out. O
Eur opean particul ar rel evance is the provision
countries, as of international assistance to
wel |l as country | central and east European countries
strategi es and wher e governnent resources are
sector limted, and where investnent needs
anal yses. are perceived to be the highest.
Such studies can help to identify
areas of particular concern to ease
the access to finance and facilitate
t he access to concessional finance
for investnents.
Access to (+) I'n countries where the refinery does
concessi onal not operate under full market
finance condi tions provision of concessiona
finance, e.g. from devel opment banks,
may be warrant ed
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Table 5 Possi bl e measures and activities to stinulate the use of unleaded petrol
Type of Specific Eur opean Ef fi ci ency consi derations
nmeasure or nmeasures or experience
activity activities +/ - | Conment s
Regul at ory Car exhaust + The limts Shoul d not be considered an instrunment
neasur es em ssion can be net for phasing out |lead from petrol, but
limts only by the can have an inportant supportive role
use of in this process.
catal ytic
converters.
Separ at e (+) | Applies In I'n some countries, notably the newly
di stribution of West ern i ndependent States, the lack of a
unl eaded petrol Europe and in | separate and controlled distribution
nost central of unl eaded and | eaded petrol is the
and east critical restraint on a phase-out of
Eur opean lead in petrol, as it is a
countries. prerequisite for the efficiency of
econom ¢ neasures and awar eness-
bui | di ng neasures, and for the
noni toring and control
Different sizes | (+) of petrol sales in general
of filling
pistol s
Econom ¢ Tax + Applies I'n a nunber of central and east
neasur es differentiation widely in Eur opean countries, fiscal concerns
Eur ope, may be a restraint on the use of tax
especially differentiation schenes, unless these
west ern are designed to be fiscally neutral
Eur ope Still, if the distribution systemis
properly organi zed, tax
differentiation can be a highly
ef fective nmeasure to pronote a | ead
phase-out in these countries too
Awar eness I'nformation + Applied in Canpai gns may provide information on
bui | di ng canpai gns west ern the health effects of |ead, on the
Eur ope applicability of unleaded petrol for
di fferent car makes and nodels, on the
possible availability of other
lubricating additives than | ead and on
ot her neasures or initiatives taken
(to support the effects of these).
The effect of awareness-building
nmeasures increases the nore
environnmental | y aware consuners are
and the nore concerned they are with
the condition of their vehicles.
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