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Executive Summary
Emissions from consumption of fuel by a variety of sources, including industry, energy,
households, and transport, contribute to some of the pressing environmental concerns around the
world. Urban air pollution is associated with serious health effects, especially in the rapidly
growing cities of developing countries. In large cities of the former Soviet Union (FSU), an
estimated 40,000 people die prematurely and hundreds of thousands of people fall ill every year
as a result of their exposure to excessive air pollution (Hughes and Lovei 1999). The economic
costs of these health impacts are estimated to reach as much as 5 percent of city income. Small
and dispersed sources of pollution such as motor vehicles contribute more than their proportion
of total emissions loads to human exposure.

Another growing concern regarding emissions of fossil fuel combustion is their contribution to
climate change. Although energy and industry are the main sources of the greenhouse gases
implicated in climate change, the transport sector is increasingly recognized as a contributor. It is
predicted that the estimated 10 to 20 percent share of motor vehicles in worldwide greenhouse
gas emissions will increase continually in the future. The trend toward urbanization of the
world's population means a growth in the demand for motor vehicles and in fuel consumption
and much of this growth is being experienced in developing countries.

At the local level, automotive emissions include lead and fine particulate matter, as well as
hydrocarbons, all of which contribute to the formation of photochemical smog and have a direct
effect on human health. Because poor people are more likely to live and work near high-traffic
areas and be exposed to emissions. they are most likely to suffer from these effects. Lead has
been shown to affect young children's intellectual development, and these effects are exacerbated
by malnutrition. Fine particulate matter is implicated in respiratory diseases, including asthma
and premature deaths. These health effects are of most concern in urban areas.

The countries of the FSU have especially pressing problems with air pollution originating from
transport because of their aging vehicle fleets and their lack of adequate infrastructure for fuel
distribution, vehicle servicing, and inspection and maintenance (I/M). In many cities in
Azerbaijan, Kazakhstan, and Uzbekistan, transport is the main source of air pollution; in
Uzbekistan, 70 to 90 percent of pollution is estimated to come from transport sources.
Compounding the problem is the depressed economic situation in these countries, which limits
the resources available for prevention and mitigation measures, and slows the renewal of the
vehicle fleet. On the positive side are the availability of natural gas, a clean fuel, in several of the
countries and the possibility of leapfrogging old technology. Thus, electronic identification of
high-emitting vehicles could offer an alternative to costly efforts to test every vehicle and could
reduce the costs of modernizing the I/M systems now in place.

The World Bank's program on "Clean Transportation Fuels for Air Quality Improvement in
Central Asia and the Caucasus" was initiated to assess the changing transport situation in the
FSU and arrive at recommendations for cost-effective actions on fuel quality improvement,
emissions abatement, and air quality monitoring, The program, which builds on earlier work on
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phasing out lead in gasoline, has three components: petroleum sector analysis, vehicle fleet
analysis, and air quality management. This report sums up the vehicle fleet analysis, covering
Azerbaijan, Georgia, Kazakhstan. Tajikistan. Turkmenistan. and Uzbekistan.

Vehicle Technology in Central Asia and the Caucasus

The composition of the vehicle fleet in a country and the type of fuel available largely determine
the severity of the emissions problem and limit the potential remedies. For example, vehicles
equipped with catalytic converters to control emissions are not technically feasible options in
regions where a reliable supply of unleaded gasoline is not available.

Most vehicles now in use in the study countries were manufactured or assembled within the FSU
during the 1980s. These domestically produced vehicles use conventional carburetor technology
and lack catalytic converters or other emissions control systems. Imports of foreign vehicles are
small but growing. In some countries, including Uzbekistan, local assembly is beginning.
Designs for light-duty vehicles produced in the FSU were kept simple and consistent, partly
because service was difficult to obtain even in major cities and was virtually nonexistent in the
countryside. In most instances, the vehicle came with a good set of tools, and the owner
perforrned maintenance or repair. The low quality of fuel and lubricating products was another
reason for preferring robust designs.

In general the older light-duty vehicles produced in the FSU were designed for gasoline with a
low octane (typically MON 76).' Recent models are designed for higher-octane fuel, but the price
differential between high- and low-octane fuels favors the consumption of the latter. Imported
vehicles are designed for high-octane gasoline and are sometimes equipped with catalytic
converters, but since retail outlets do not label gasoline as leaded or unleaded, the catalysts are
quickly poisoned by lead additives. This renders the converters ineffective as emissions control
systems, and the increased exhaust back-pressure can reduce the drivability of the vehicle.

Light-duty diesel vehicles were virtually absent from the fleet of the FSU. although some models
were equipped with imported diesel engines built by European manufacturers. Diesel vehicles,
whether light or heavy-duty, were not common, due to the higher purchase price and problems
with obtaining the necessary maintenance services outside large urban centers. In addition, the
poor cold start of these engines in subzero temperatures deterred widespread use.

Unlike the situation in other industrial countries, where the heavy-duty fleet generally uses diesel,
many heavy-duty vehicles in the countries studied have low-compression, relatively small
gasoline engines designed for (locally refined) low-octane gasoline. In five of the countries. 67

l Originally, Armenia and the Kyrgyz Republic were to have been included, but at the time of
publication, data from those countries were not available.

2 Both of the methods used to determine the octane number of a fuel-the research method and the motor method-
use a reference engine in a standard test-cell configuration. The test for arriving at the motor octane number (MON)
is conducted so as to simulate highway driving conditions; the procedure for determining the research octane number
(RON) uses lower speeds and loads. In general, the MON values are lower than the RON values.
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Executive Summary

percent of the truck fleet and 78 percent of the bus fleet operate on low-octane gasoline. The
public transport fleet includes conventional urban buses and small gasoline-powered buses with
10 to 14 seats.

Although detailed vehicle age distribution data are not readily available, the average age of the
heavy-duty fleet appears high, with a noticeable number of vehicles 20 years old or more. The
total number of vehicles has not increased much in recent years and has even declined somewhat
owing to the general state of the economies of these countries in the 1990s.

Gasoline-fueled heavy-duty engines are expected to be replaced eventually by diesel engines.
Government representatives from the ministries of transport who were interviewed for the study
indicated that diesel fuel use in this sector was indeed increasing due to the lower cost of diesel
and the greater durability of diesel engines. Diesel use by the heavy-duty vehicle fleet has a
considerable impact on the fleet octane mix, as this sector is a significant consumer of low-
octane gasoline.

Alternate-fueled vehicles represent a very small portion of the fleet and are typically retrofits of
gasoline engines. No dedicated alternate-fueled vehicles were manufactured in the FSU except
for specialized light-duty trucks used by city services. Increased use of alternate fuels,
particularly natural gas, in the region is a possibility for a variety of reasons, including rising
gasoline prices, the relative simplicity of designing and installing retrofits to alternate fuels, and,
potentially, programs to encourage the use of domestic reserves of natural gas.

A major obstacle to the use of natural gas as an automotive fuel is the lack of refueling
infrastructure. In the absence of an extensive network of refueling stations, there is little
incentive for vehicle owners to convert their vehicles (and without a market base, there is little
incentive to invest in the infrastructure). Commercial fleets have been successful candidates for
conversion, as the fleet operator can install refueling systems and recover the investment through
the price differential between gasoline and the less expensive CNG.

Fleet Octane Requirements

As part of the study., a spreadsheet model was developed to assist in the estimation of the octane
requirement of the vehicle fleet in future years. This model incorporated vehicle types, vehicle
models. fuel octane requirements as specified by the manufacturer, fuel economy rates, and
estimates of annual vehicle kilometers (km) traveled (VKT), based on local contacts and the
literature. The fuel requirements for each year are calculated for each vehicle type, and the results
are added up for the three fuel categories: high-octane gasoline (91 RON and higher), low-octane
gasoline (72 MON, 76 MON, and 80 RON), and diesel. In its projections for future years, the
model essentially foresees a 5 percent per year reduction in the use of low-octane gasoline by
heavy-duty vehicles and light-duty vehicles that require low-octane gasoline. The use of diesel
fuel and high-octane gasoline by the rest of the fleet is adjusted so as to increase the total VKT at
the same rate as growth of gross domestic product (GDP) for each country, as forecast by the
World Bank. For Azerbaijan, two GDP growth scenarios, with and without full development of
the oil resources offshore of Azerbaijan during this period, were considered.
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The fleet data for each country varied greatly in the amount of detail obtained. Detailed,
multiyear data were available for Azerbaijan, Kazakhstan. and Uzbekistan. while Georgia and
Turkmenistan had data for 1998 only. The information for Tajikistan was limited to total
gasoline and total diesel vehicles, and the modeled results for Tajikistan differ significantly from
those for the other countries. The main difference in fleet composition is that Tajikistan's diesel
fleet accounts for as much as 50 percent of the total fleet- in the other countries diesel vehicles
made up 3 to 14 percent of the total.

Table 1. at the end of this summary, presents the basic assumptions and results of the model:3

* Total vehicle kilometers traveled will increase in step with the forecast growth in GDP.

* The use of low-octane gasoline will decline.

* The use of diesel and high-octane gasoline will increase.

In the model results. total fuel demand in each country increases broadly in keeping with the
expected increase in GDP, but total gasoline demand shows significant variation among the
countries, depending on the share of low-octane gasoline in the base year and the assumed
decline in its use. Thus, Kazakhstan and Uzbekistan, with a high fraction of low octane gasoline
in the gasoline pooi in the base year.,
show a decline in total vehicle fuel Figure I Average Use of High- and Low-Octane Fuels in theshow decine n totl veiclefuel Gasoline Pool
demand between 1998 and 2010, even
though diesel use grows about 120 80
percent over the same period. Figure 1 70
illustrates the average shift in octane 60
demand forecast by the model. s o -__

40-Inspection and Maintenance
Programs 0 -

20 -
Inspection and maintenance (I/M) 10
programs can be effective parts of the 0
vehicle emissions control framework.
The countries studied have If If, I lp If, If ,p ,° , 
institutional and technical experience + A76 -3* A92
with I/M programs. These programs
pimarily tes gramsoln vehes forar ANote: Estimates do not include Tajikistan because of uncertainties

about the data on fleet composition and fuel use in the base year.
exhaust carbon monoxide (CO) at idle
and diesel vehicles for opacity. The existing regulations call for inspections as frequently as
every three months. In practice, however, current I/M programs are not particularly effective
because of lack of technical resources and because in a depressed economic climate, other issues
receive more priority.

3The calculations were checked for their sensitivity to the assumed 5 percent rate of decline in the use of low-octane
gasoline and to the assumed proportionality of VKT to GDP growth rates. This was accomplished by increasing the
decline rate to 7.5 percent and setting increases in VKT at 1.25 times the increase in GDP. Within this range. the
models showed only modest sensitivity to these assumed values. Details are given in Appendix B.
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Executive Summary

It appears that the I/M regime for diesel vehicles is satisfactory at present, provided that the
measures are implemented and enforced. Renewal of the light-duty fleet, however, will mean an
increase in gasoline-powered vehicles with advanced systems such as fuel injection, electronic
ignition, oxygen sensors, and catalytic converters. I/M systems for fleets dominated by such
vehicles need to be much more resource-intensive as regards both equipment and personnel.
Furthermore, anecdotal evidence, observation, and the unavailability of detailed inspection
records suggest that I/M programs are not enforced as rigorously as the written regulations would
suggest.

It is not necessary to inspect in-use light-duty vehicles as frequently as every three months. Given
the limited amount of resources available to carry out the periodic inspections, the first step
towards more effective monitoring could be to reduce the frequency of inspections. Inspection
requirements on new light-duty vehicles may be waived for two years or longer, with older
vehicles tested once a year or so.

A problematic aspect of current I/M systems is that fines for vehicles that do not pass periodic or
roadside checks are collected right away, without necessarily requiring any corrective action until
the next inspection. Although the fines are typically not trivial, drivers often weigh them against
the cost of having the vehicle serviced or may attempt to pay a smaller informal fine. The
payment of the fine-rather than corrective action that might reduce the excess emissions-is
often regarded as the central issue. It is not clear that adding I/M equipment under existing
conditions would necessarily translate into a more effective I/M program. Limiting factors on the
achievement of reduced emissions from the privately owned vehicle fleet are the availability of
service and repair facilities with good diagnostic equipment and qualified technicians and the
effectiveness of the enforcement mechanism.

Remote sensing of vehicle emissions offers a powerful tool for comprehensive, cost-effective
coverage of the entire light-duty fleet. This technology utilizes the principles of infrared
spectroscopy to measure concentrations of hydrocarbons, CO. carbon dioxide (CO2 ), and oxides
of nitrogen (NO,) in the exhaust plume of a vehicle while it is being driven on a street or
highway. The speed and acceleration of the passing vehicle and an image of its license plate can
be recorded simultaneously, making it possible to identify vehicles and determine the conditions
under which the measurement has been taken. Existing systems can screen over 4,000 cars per
hour on a continuous basis. Remote sensing has been used as a component of I/M programs in
North America, either to identify and call back high-emitting vehicles for repair or to identify
clean vehicles and exempt them from regularly scheduled inspection at I/M stations.

It is reasonable to consider a pilot project to assess the potential for remote sensing as an
alternative to existing I/M procedures for light-duty vehicles in the study countries. For heavy-
duty gasoline and diesel vehicles, no operational remote sensing systems are available that can be
recommended for field trials in the countries of interest. For this portion of the vehicle fleet, a
combination of institutional fleet test-and-repair facilities, and roadside checks for CO or opacity
readings, as appropriate, would need to be maintained.
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A six-month pilot project. implemented in a major city such as Almaty, Baku, or Tashkent to
ensure the needed traffic volume and mix of vehicles, could yield the following benefits:

* It would be possible to determine whether a relatively small fraction of the fleet is
responsible for most of the exhaust emissions. This is true for the North American vehicle
fleet and is the basis for seeking alternatives to the "test every vehicle" approach in
traditional I/M programs.

* The data collected may help to develop "high-emitter" and "clean-vehicle" profiles within
the fleet to aid in targeting vehicles in future l/M programs, with or without remote
sensing.

* A pilot project would raise technical awareness among the road police, ministry of nature
protection, and environmental personnel responsible for overseeing motor vehicle
emissions and enforcement.

* The project would identify technical, social, and institutional issues that may affect the
long-term application of the technology, favorably or adversely.

Uzbekistan's Natural Gas Conversion Program

Of special interest as a near-term measure for introducing cleaner fuels is the possibility of taking
advantage of the natural gas resources in some countries of the region. In Uzbekistan compressed
natural gas (CNG) is already used as a transport fuel. There are plans to expand its use in the
vehicle fleet, including light-duty vehicles, and to introduce liquefied natural gas (LNG) in
special niches such as railroad locomotives and heavy-duty mining vehicles.

CNG vehicles in Uzbekistan are nearly all heavy-duty vehicles and buses, representing 4.3 and
3.6 percent of the respective fleets in 1995. Most of these vehicles have been converted to CNG
from gasoline. Vehicles that have been converted from diesel use a mixture of diesel and CNG.

A study undertaken for the U.S. Trade and Development Agency in 1995 looked at the feasibility
and benefits of converting more of Uzbekistan's transport fleet to CNG. The study concluded
that it would be technically and economically feasible to convert a total of nearly 750,000
vehicles over five years. Among the benefits identified were fuel savings and reductions in fuel
imports; increased tax revenues; longer service life of vehicles; reductions in emissions of CO,
particulate matter. hydrocarbons, and sulfur dioxide (SO2); and consistent fuel supplies and fuel
quality. Some potential problems for implementation were high inflation and devaluation of the
Uzbek currency (making imports of the necessary equipment expensive), fuel price volatility, and
resistance to the conversion program by vested gasoline import interests. In recognition of these
challenges, particularly over the short term, a phased approach was recommended, with an initial
conversion target of 215.000 vehicles.

Vehicle conversions, however, are at present dormant for all practical purposes. Conversion shop
capacity countrywide is nearly 12,000 per year, and in 1995. 1.430 vehicles were converted, but
in 1997-98 the number was only 168. At a conversion shop visited in August 1999 that had an
annual capacity of 1.000 vehicles, only 60 vehicles had been converted during the previous year.
The number of vehicles running on CNG in the country actually decreased after 1996 as older
vehicles were retired from the fleet.
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Executive Summary

Conclusions and Recommendations

There are significant differences between the vehicle fleets in the countries studied and those in
Europe and North America:

* A higher ratio of heavy-duty to light-duty vehicles

* A higher proportion of heavy-duty vehicles using gasoline

* A much higher proportion of gasoline vehicles operating on low-octane gasoline.

Existing and foreseeable developments in these countries and closer economic relations with
Western countries are expected to bring about changes in fuel requirements for the vehicle fleets:
an increase in total fuel demand as GDP rises; a decline in the use of low-octane gasoline; and
increased use of diesel and of high-octane gasoline. It is vital that the expected changes in the
vehicle fleet and the fuel mix take place in such a way as to reduce the adverse impact of motor
vehicle emissions on urban air quality. Key steps in this direction include:

* Elimination of lead in gasoline. In addition to its direct effects on human health, lead in
gasoline indirectly affects urban air quality by preventing the use of catalytic converters.
Lead phaseout is not anticipated to present a problem in the FSU because many existing
vehicles were designed for unleaded fuel.

- Implementation qf effective I/Mprograms to minimize emissions from the existing vehicle
fleet and anticipate changes in fleet makeup. Current I/M procedures will be inadequate in
a relatively short time if fleet renewal comes about primarily through imports of European,
Japanese, and American vehicles, as at present. Institutions exist that can effectively utilize
modem I/M equipment and procedures in collaboration with experienced partners from
Europe and North America.

* Improvement of the service and repair infrastructure available to privately owned vehicles.

* Pilot programs to test cost-effective vehicle emissions abatement measures. Specifically,
this report suggests a pilot I/M program for the identification of high emitters through
remote sensing. Such a program would provide an opportunity to gain experience with a
procedure that can cope with the demands of both the older and newer vehicles in the fleet
over the foreseeable future.

* Use of natural gas as an alternative fuel, where feasible. Some countries in the region have
access to considerable reserves of natural gas. In the near term, natural gas could be
considered as an alternative to gasoline for older light-duty and heavy-duty vehicles, since
the fuel systems can be retrofit onto existing vehicles.
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Table 1 Projected changes in GDP and in quantities of transport fuel used
(1998 = 1)

Azerkaijan. Azerbaijan, Georgia Kazakhstan Tajikistan Turkmenistan UlJhekistan
without with pipelines

pipelines

GDP

2005 1.28 1.47 1.31 1.27 1.47 1.23 1.15

2010 1.64 2.22 1.63 1.62 1.87 1.43 1.27

Gasoline

2005 1.02 1.13 1.07 0.99 0.86 1.01 0.92

2010 1.14 1.45 1.20 1.09 0.81 1.06 0.90

Diesel

2005 1.63 1.93 1.65 1.60 1.65 2.00 1.71

2010 2.27 3.18 2.23 2.24 2.18 2.72 2.17

Note: Two projections are made for Azerbaijan, without and with full development of the oil resources offshore of
Azerbaijan which will require construction of major export pipelines. In the "with" case, GDP growth assumed in the
study was limited to 10 percent in any year.
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1 Introduction

Phasing out lead from gasoline, as a cost-effective way of addressing a priority urban
environmental problem, has received much attention worldwide, in the transition economies of
Central and Eastern Europe and the newly independent states (NIS). as elsewhere. Many
countries in that region participated in a two-year effort (1996-98) by the United Nations
Economic Commission for Europe (UNECE) and the government of Denmark to prepare a
regional strategy for elimination of lead in gasoline. The strategy included deadlines and
intermediate targets.

The World Bank recently undertook, with the support of the Danish Environmental Protection
Agency, a "National Commitment-Building Program to Phase Out Lead from Gasoline in
Azerbaijan. Kazakhstan, and Uzbekistan." Within the framework of this program, preliminary
studies were carried out to assess the level of lead pollution and to explore different options for
the elimination of lead in gasoline in the three participating countries. The findings were
discussed at a regional workshop in Almaty. Kazakhstan, in May 1998, which adopted a
resolution recommending that lead in gasoline be eliminated by 2005 in Azerbaijan and
Kazakhstan and by 2008 in Uzbekistan.

The regional study "Cleaner Transportation Fuels for Urban Air Quality Improvement in Central
Asia and the Caucasus" has built on the momentum created by the earlier programs and other
regional initiatives. The chief objective of the study is to recommend improvements in
automotive fuel quality, vehicle emissions abatement, and air quality monitoring that will ensure
reasonable air quality in the future. The program assessed the current status of air quality; current
and future vehicle fleet characteristics and fuel requirements; the effect of different fuel
specifications on vehicular emissions and air quality; the impact of changes in demand and fuel
quality on the refining sector; the economic analysis of different options; and the appropriateness
of changes in petroleum sector policy, including pricing, fiscal measures and liberalization of
product trade, designed to facilitate the introduction of cleaner fuels. The ultimate objective of
this program is to improve the public health of urban dwellers in Armenia, Azerbaijan, Georgia,
Kazakhstan, the Kyrgyz Republic, Tajikistan, Turkmenistan, and Uzbekistan by reducing
vehicular emissions and improving urban air quality management.

This report summarizes the data that have been compiled for six of the eight countries in the
course of work on the vehicle fleet analysis component. Fleet data were not obtained for the
Kyrgyz Republic. where this information was said to be confidential. Data for Armenia were not
available at the time of preparation of the report.

1.1 Objectives

The study focused on developing recommendations for cost-effective improvements in fuel
quality, reductions in vehicle emissions, and measures to improve air quality management. With
this as the overall objective, the main task of the vehicle fleet analysis was to characterize the
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current vehicle fleet, identify the fuel requirements of the current vehicle technologies, and assess
current emissions standards for vehicles now in use.

1.2 Background

Impact of Fuel on Vehicle Emissions

The rate of consumption of fossil fuels by industry and transport has grown over the past three
decades, and the combustion by-products of fossil fuels have led to severe air pollution problems,
locally, regionally, and globally. At the local level, the impact on air quality in major urban
centers comes largely from tailpipe and evaporative emissions from motor vehicles. The size of
industry's contribution depends on the proximity to population centers of these stationary sources
and the type and quality of fuel used in industrial processes. According to the U.S.
Environmental Protection Agency (USEPA), in major U.S. urban centers motor vehicles account
for 30 to 50 percent of hydrocarbon (HC) emissions. 40 to 60 percent of nitrogen oxide (NO,)
emissions, and almost all of the carbon monoxide (CO) emissions. A Danish study (Danish EPA
1998a) reports that in many cities in Azerbaijan, Kazakhstan, and Uzbekistan transport is the
main source of air pollution. In Uzbekistan 70 to 90 percent of pollution is said to be attributable
to transport sources. These figures are indicative of the contribution of transport to the air
pollution inventory in most urban centers. In general, that contribution depends on a number of
factors, including the numbers. types, and uses of vehicles and the number and size of industrial
and other stationary sources in the region.

In the urban environment, lead and fine particulate matter emitted from motor vehicles are a
high-priority concern because of the direct impact these emissions have on human health. In
addition, hydrocarbons in automotive emissions play a significant role in the formation of
photochemical smog. The exhaust emissions are formed by incomplete combustion of the fuel,
and fuel composition therefore has an important effect on the exhaust constituents. The levels of
lead and sulfur in the fuel limit the types of tailpipe emissions controls that are feasible and so
dictate what emissions control legislation can be introduced. For example. vehicles equipped
with catalytic converters are not technically feasible options in regions where leaded gasoline is
still in use.

Long Range Effects of Emissions

The contribution to air pollution and the effects on atmospheric chemistry of emissions from
mobile sources have only recently come under scrutiny, in contrast to those from industrial
sources. Recent studies suggest that local emissions of NOx, as well as the ozone formed by
photochemical reactions, can be transported long distances and can influence air quality in
neighboring regions. The transport of emissions from industrial sources and the contribution of
these emissions to acid precipitation on a regional scale are well documented.

Climate Change and Greenhouse Gases

On a global scale, the role in climate change of fuel consumption by industry and transport
sources is one of the pressing issues confronting the world today. Although industrial sources are
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largely responsible for greenhouse gases, the contribution from motor vehicles accounts for 10 to
20 percent. Several countries are attempting to stabilize carbon dioxide (CO2) emissions at 1990
levels by 2000-a significant challenge, given the increasing numbers of vehicles. The trend
toward urbanization of the world's population means that the demand for motor vehicles will
continue to grow and, as a consequence, fuel consumption will also rise. Much of this growth is
being experienced in developing countries, where fuel quality is poor. The air quality impacts of
rapid motorization of the population will certainly be significant on the local and global scales.

Impact of Fuel on Vehicle Technology

Until the 1970s, when air pollution was recognized as a major problem in large urban centers. the
focus in engine development was on providing a reliable and affordable form of transport. Since
then, many countries have set limits on the permissible levels of exhaust emissions. The
objective of engine designers became to minimize the amount of unburned fuel or products of
partial combustion emitted from the engine. As emissions limits became more stringent, there
arose a need for external exhaust after-treatment to reduce emissions even further. This required
oxidation catalysts that could be introduced only when lead was eliminated from gasoline.

Public awareness of the adverse effects of lead on human health and the environment began in
the late 1960s and culminated in the eventual phaseout of leaded gasoline in many industrial
countries. Unleaded gasoline was introduced to reduce ambient lead levels, as well as to facilitate
the introduction of catalytic converters, which were required if auto manufacturers were to meet
the increasingly stringent emissions standards. This was one of the first instances in which a fuel
specification was changed because fuel composition was directly linked to the environmental
impact of emissions of a toxic component by vehicles and because the specification change
would also enable the adoption of a clean engine technology.

Recent clean air legislation has forced major compositional changes in gasoline and diesel
formulation. These changes, which are expected to continue into the 21st century, include the
reduction of benzene, sulfur, and aromatics and the incorporation of oxygenated compounds in
gasoline to reduce the CO and nonmethane organic gases that contribute to smog. Sulfur
reduction is needed so that auto manufacturers can incorporate advanced emissions control
systems such as the recently developed hydrocarbon and NO, absorber systems, which are highly
sensitive to sulfur content in fuels.4.

1.3 Study Methodology

An analysis of the current vehicle fleets in the study countries was conducted to determine the
potential impacts of improved fuel on the emissions contribution from the transport sector. In
addition, the analysis should help in identifying technically feasible changes in fuel quality
(primarily lead phaseout and octane rating). As part of the analysis of fleet composition, the study
reviewed the status of in-use vehicle inspection systems in each country, emphasizing the

Hydrocarbon absorber systems are needed because catalytic converters are not effective at cold start; nitrogen
oxide absorbers enable lean operation.
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management of the I/M program, the testing methodology. and the types of equipment employed.
This information will serve as the basis for evaluating the effectiveness of country I/M programs
and will support the development of recommendations for improving these programs. Finally, the
study reviewed the status of the natural gas vehicle program in Uzbekistan.

Data, in as much detail as possible. were collected in the following areas:

Fleet profile
* Numbers and types of vehicles and, for some countries, fleet age

* Engine and vehicle technologies

* New vehicle market sales

Vehicle I/Mprograms
* Program design and management structure

* Test methodology

* Test equipment

* Record-keeping (for example, numbers of tests and of pass/fail results)

* Testing costs

Emissions standards for newi! vehicles
• Current and future standards

* Management structure of program

* Test capabilities of responsible institutions

The effort to obtain this information was launched with a regional workshop on "Cleaner
Transportation Fuels for Air Quality Improvement in Central Asia and the Caucasus," sponsored
and organized by the World Bank and held in Tbilisi in June 1999. The workshop provided a
forum for discussion of the fuel, vehicle, and air quality issues confronting each of the countries
in the study. Through the discussions and presentations. the study team was able to obtain
information and, more important, make contacts with experts from each country for follow-up
discussions in the future.

Following the workshop. the study continued on three fronts: a literature review of domestic
vehicle technologies, site visits to four of the countries, and correspondence with experts in other
countries through fax and electronic mail. The objective of the second and third approaches was
to add to the database through discussions with local experts and to invite their continued
participation in the study through formal contacts. These locally engaged contacts were critical in
obtaining the latest and most complete profile of the vehicle fleets in each country. In collecting
this information, it was found that there was a range of available data, depending on the country.
In Kazakhstan and Uzbekistan a detailed description of the fleet profile, by numbers of vehicles
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and by manufacturer, was obtained. In Tajikistan only total numbers of gasoline and diesel
vehicles were obtained.
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2 General Description of the Russian-Made
Vehicle Fleet

Most vehicles presently used in the countries studied were manufactured or assembled within the
former Soviet Union (FSU). These domestically produced gasoline vehicles utilize conventional
carburetor technology and do not incorporate emissions control systems such as catalytic
converters. The typical domestic vehicle technology is similar to what was common in North
America and elsewhere until the mid- 1980s, before more stringent legislation prompted
widespread use of electronically controlled fuel injection systems and sophisticated emissions
control systems. The following sections contain a general discussion of the octane requirements
of gasoline engines, a detailed review of the domestic vehicle fleet technology, and the technical
considerations in shifting from leaded to unleaded gasoline.

2.1 Octane Requirements

The octane number of a fuel indicates the fuel's antiknock performance in a spark-ignited engine.
"Knocking" refers to self-ignition of the fuel in the cylinder prior to the actual spark. "Engine
knock" is the sound produced by the vibration of the cylinder walls when pre-ignition occurs.
Knocking results in incomplete combustion, elevated emissions, poor fuel economy, and,
ultimately, engine failure. The higher the octane number. the better the resistance of the fuel to
pre-ignition.

There are two methods for determining the octane number of a fuel: the research method, which
yields the research octane number (RON), and the motor method, for determining the motor
octane number (MON). Both methods use a reference engine in a standard test-cell configuration.
The RON engine test procedure uses lower speeds and loads, while the MON test is conducted
under conditions that simulate highway driving conditions, with higher thermal loads. In general,
MON values are lower than RON numbers. The two scales compare the performance of the test
fuel to a reference fuel: a blend of isooctane and n-heptane. Isooctane is very resistant to knock
and has an index of 100 RON and 100 MON, while n-heptane is very susceptible to pre-ignition
and has a RON and MON of 0. The octane number of a test fuel is equivalent to the volume
blend percentage of isooctane in n-heptane that produces the same performance as the test fuel in
the reference engine.

The minimum octane requirement of an engine depends on the distribution of temperature and
pressure in the combustion chamber. It is difficult to derive a straight-line relation between
octane number and compression ratio, but engines with a low compression ratio (below 7.5:1) are
typically operated on a low-octane fuel (below 84 RON). Engines with a compression ratio above
8.5 require a high-octane fuel; for almost all engines, 92 RON fuel is sufficient.

One way in which fuel refiners were able to boost the octane number of a fuel was to use
antiknock additives-mainly metallo-organic compounds such as tetraethyl lead and tetramethyl
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lead. During the combustion process, these additives decompose. and the metal forms a fine dust
that acts as a combustion inhibitor. controlling pre-ignition. The material also acts as a lubricant
for some of the surfaces that are exposed to the combustion process. Lead has been found to have
serious adverse health effects and in many countries is no longer permitted as a fuel additive.

2.2 Light-Duty Gasoline Vehicles

The vehicle fleets in the study countries consist mainly of vehicles designed and manufactured in
the FSU. The oldest concentrations of the automobile industry were in Moscow (AZLK, ZIL).
Nizhny Novgorod (GAZ), and Ulianovsk (UAZ). Later, in the 1960s and 1970s, new vehicle
manufacturing plants were established in Zaporoze/Ukraine (ZAZ); Togliatti, on the Volga River
(VAZ), and Izevsk, on the Kama River (KAMAZ).

The vehicles and engines appear to have been produced for years on end without engineering
improvements. In some cases annual production volumes were low. and the vehicle design
remained unchanged for 15 or 20 years. One reason for not making engineering modifications
was the lack of engine maintenance support; vehicle service was difficult to obtain even in major
cities and was virtually nonexistent in the countryside. In most instances the vehicles were
supplied with a good set of tools, and maintenance and repair were performed by the owner.
Designs were therefore kept simple and consistent. The low quality of fuel and of lubricating
products contributed to the need for robust designs. Each of these factors had a bearing on the
design on the domestic vehicle fleet.

In 1966 the government of the former Soviet Union signed a cooperative agreement with Fiat for
vehicle production. This step introduced a significant change in vehicle manufacturing in the
FSU by exposing the domestic auto industry to the newest European technology and methods of
production. The first model for production was the 1966 Fiat 124, which became known as the
VAZ-ZIGULI. The production capacity of the facility was 750.000 vehicles per year. There were
significant changes in the engine for the first model VAZ 2101 from the base model Fiat 124.
The octane requirement for this vehicle was 92 RON.

ZAZ Zaporozec is a line of automobiles manufactured since 1960 by Zaporozskij Avtomobilnyj
Zavod in Zaporozhye. Ukraine, with an average annual production of 100.000 vehicles (WIEM
1998). The main models manufactured since 1980 are designed to operate on 92 RON gasoline,
with the exception of the 965 model, which required 76 MON. Because the 76 MON fuel was
produced as unleaded, these vehicles should not pose problems for a lead phaseout program.

GAZ (Gorkowskij Avtomobilnyj Zawod) has been located in Nizny Novgorod, Russia. since
1932. The average annual production is 150,000 vehicles (WIEM 1998). The company
manufactures a line of automobiles and trucks under the GAZ nameplate. The first engine
produced was based on the Willis Jeep engine. with a 2,120 cubic centimeter (cm3 ) displacement,
L-head, and valves located in the cylinder block. This engine platform was mounted in the
Pobieda vehicle in the late 1940s and the 1950s and in the vehicle GAZ 21-VOLGA. The
platform served as a template for the design of a new engine that was used in the VOLGA-GAZ
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24 in the I 970s. At present, the engine mounted in the VOLGA 310 series is marked ZMZ 40 and
has different versions of auxiliary equipment. All these models have a displacement of 2.445
liters and produce 100 horsepower (hp) at 2.700 revolutions per minute (rpm). This operating
range puts these engines in the low-engine-speed category. The gasoline requirement is either
lead-free low-octane fuel (Danish EPA 1998a) or 92 RON.

The newer Volgas are equipped with the next generation of engines (2.3 liter, 150 hp). These
engines are also designed for unleaded gasoline.

Moskvich was a line of automobiles manufactured by AZLK (Avtomobilnyj Zavod Leninskovo
Komsomola) from 1947 to 1981. The first models were solely based on Opel vehicles, as
complete Opel production equipment was transferred from Germany after World War II. In the
late 1 960s AZLK had a cooperative venture with Renault to modernize production.

A number of older Moskvich vehicles are still in used. They have low-compression-ratio engines
designed to use low-octane fuel (Danish EPA 1998b). Engines produced since 1988 have
specified a 92 RON requirement.

2.3 Light-Duty Diesel Vehicles

Light-duty diesel vehicles were virtually absent in the fleet of Russian-made vehicles, but some
GAZ and AZLK models were equipped with imported diesel engines from different European
manufacturers. Diesel vehicles, whether light or heavy-duty, are not common due to the higher
purchase price and problems with obtaining the necessary repair and maintenance services
outside large urban centers. In addition (as is true also in Canada and other Northern Hemisphere
countries), the poor cold start of these engines in subzero temperatures deterred their widespread
use.

2.4 Alternate-Fueled Light-Duty Vehicles

Alternate-fueled vehicles represent a very small portion of the fleet and are typically retrofits of
in-use gasoline engines. No dedicated alternate-fueled vehicles were manufactured in the FSU
except for specialized light-duty trucks used by city services. The popularity of alternate fuels,
particularly natural gas, could increase in the region for a variety of reasons, including rising
gasoline prices, the relative simplicity of design and installation of conversions to alternate fuels
such as compressed natural gas (CNG), and, potentially, programs to encourage the use of
domestic reserves of natural gas.

A major obstacle to use of natural gas as an automotive fuel is the lack of refueling
infrastructure. In Canada a refueling station must have a market base of 200 vehicles to make the
investment economically feasible-yet if there is not an extensive network of refueling stations,
there is little incentive for vehicle owners to make the conversion. Commercial fleets have been
successful candidates for conversion, as the fleet operator can install refueling systems and
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recover the investment through the price differential between gasoline and the less expensive
CNG.

2.5 Heavy-Duty Gasoline Vehicles

The heavy-duty fleet of the FSU differs significantly from that of any other industrial country.
One of the main reasons may be that the railway system commonly transports much of the heavy
goods. The average gross vehicle weight rating of heavy-duty vehicles in the FSU is low
compared with those in North America and Western Europe. Like the light-duty fleet, the heavy-
duty sector uses relatively small gasoline-powered engines. There is also a large fleet of small
gasoline-powered buses. Most of the gasoline-powered vehicles produced in the FSU also have
versions adapted for military use.

The truck models manufactured by Gorkovskii Avtomobilnyj Zavod use two engines: the ZMZ
511.10.7 and the ZMZ 511.10. Both are four-stroke. carburetor-equipped, eight-cylinder engines
with 4.25-liter displacement and are rated for 125 hp. The low compression ratio (7.6) allows the
use of low-octane gasoline.

The Ural Automobile Plant (UralAZ JSC) was established in 1941, during World War II, when
the ZIS automobile manufacturing plant was relocated from Moscow. Until the late 1970s, large
numbers of different gasoline-powered vehicles (ZIS and URAL) were produced at this facility.
These vehicles were designed to use low-octane gasoline.

ZIL manufactures a variety of heavy-duty gasoline-powered vehicles in both military and civilian
configurations. The base engine is an eight-cylinder engine rated from 150 to 180 hp at 3,200
rpm. These low-rpm, carburetor-equipped engines are designed to use low-octane gasoline.

2.6 Heavy-Duty Diesel Vehicles

In the late 1970s UAZ launched its diesel product line with the new URAL-4320-01 truck, the
base model of a family of numerous URAL trucks with a wide range of special-purpose
equipment mounted on them. In the mid-i 990s a joint venture with IVECO and DEUTZ was
established to manufacture diesel-powered all-terrain trucks. These normally use YAMZ engines
in the six-cylinder or eight-cylinder configuration. normally aspirated or turbocharged. with the
power rating ranging from 180 to 240 hp.

The KRAZ family of vehicles uses eight-cylinder, 14.85 liter diesel engines, naturally aspirated
or turbocharged, rated for 240 hp at 2,100 rpm. These trucks are used for hauling heavy trailers
or as dump trucks.

The KAMAZ families of heavy-duty diesel trucks are manufactured in Naberezhnye Chelny,
Russia.
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2.7 Alternate-Fueled Heavy-Duty Vehicles

After World War II, URAL trucks were first produced with a dedicated CNG engine (ZIS-21A).
A set of seven conventional gas cylinders was used for CNG storage. The system used a first-
generation vacuum-controlled feedback carburetor and had a heater to enable engine startup at
low ambient temperatures. Uzbekistan has initiated a program to convert existing gasoline trucks
to natural gas operation (see Chapter 3).

2.8 Technical Considerations for Lead Phaseout

As discussed above, lead is used as a gasoline additive to increase engine performance by
preventing self-ignition. In addition to the increased octane effect, the lead additives function as a
lubricant in the exhaust stream, allowing engine manufacturers to use soft materials for engine
valve-seats. Lead, however, has been found to have serious health effects, and it prevents the use
of catalytic converters as a means of lowering the emissions of hydrocarbons, CO, and NO,.
Therefore, removal of lead from gasoline has been in progress since the early 1 970s.

Lead's lubricating effect and the possibility of valve-seat recession were identified as major
technical issues for lead phaseout programs. In the United States hardened valve-seats were
introduced in 1971, coinciding with lead phaseout, the introduction of emissions standards, and
the use of catalytic converters. According to a World Bank report (Lovei 1997), European
manufacturers increased the hardness of valve-seats at about the same time. In the European
Union (EU) the share of vehicles with soft valve-seats was estimated to be less than 30 percent in
1993. In Eastern Europe the percentage may be higher because of the lag in switching to new
technologies.

Laboratory tests have demonstrated that in the absence of lead, soft engine exhaust valve-seats in
old vehicles can suffer from valve-seat recession if driven under severe conditions (that is, heavy
loads and high speed). In practice, however, valve-seat recession has seldom been found to be a
problem in most countries that have eliminated lead. In Latin America and the Caribbean, where
lead phaseout has progressed rapidly in recent years, none of the countries have observed a
marked increase in valve-seat problems. Thailand introduced a lubricating additive to protect old
engines from potential recession but discontinued its use after it was demonstrated that vehicles
did not need it. Research studies undertaken during the phaseout of lead in the United States and
the EU have also indicated that the amount of lead necessary to avoid the recession problem is
much less (0.02-0.05 grams per liter) than the regulated maximum. Given these results, the
elimination of lead in gasoline should not be an issue for light-duty vehicles in the NIS. The
experience of countries that have phased out lead from gasoline indicates that the valve-seat
recession problem was grossly overestimated.

The following sections review common technical problems associated with lead phaseout
programs. beginning with the actual combustion process.
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Knocking. Engine knocking results when the fuel ignites before the spark plug fires. It is heard as
a knock that occurs at a frequency equal to that of the engine speed. This effect is sometimes
mistakenly referred to as valve knocking, but it is actually created by vibrating cylinder walls.
The shock wave in the cylinder has more than one source, as the gasoline ignites in more than
one place. These waves interfere with each other and cause a heavy load on the crankshaft.
Knocking can be caused by too low gasoline octane

Leaks throuigh closed valve caused by valve-seal recession or burnt-out valves. The seal between
the valve head and valve-seat is very small (usually 1 to 2 millimeters). The valves move very
quickly and change direction rapidly. The actual acceleration of the valve is close to 1.000 g ("g"
being the acceleration due to gravity), and the forces generated in the valve mechanism are very
high. The pressure on the seal (between the valve and valve-seat) is very high because great force
is distributed over a small surface. Thus, a very hot surface is constantly impacted with high
force. Since the only way to transmit heat from the valve head is through the seal, if the contact is
not long enough, the temperature builds up. To make the situation worse. the hot gases passing
between the valve and the seat cause deterioration of these parts. This process affects the exhaust
valve-seats in particular because they work in a higher temperature range (because of the exhaust
gas flowing through) and they are smaller, so their thermnal capacity is smaller. Lead in gasoline
coats the valve and valve-seat surfaces and prevents valve-seat decay.

A concern in lead phaseout programs has been that the elimination of lead from gasoline could
cause rapid deterioration of the valve-seats. Actual experience, however, has alleviated this
concern.

1. The lead is already deeply embedded in the valve-seats and will stay there for many thousands
of kilometers. According to some sources, visible deterioration does not occur before 20,000
kilometers. It seems feasible to increase the frequency of valve-clearance adjustments during this
time. Using leaded fuel occasionally will also prevent deterioration.

2. Engines installed in vehicles rarely work under maximum load, so the thermal stress on the
valve-seats rarely reaches peak conditions.

3. Changing driving patterns could ease the stress on working elements and could prevent their
deterioration. A few examples are given here.

* Knocking. There are several ways of preventing the buildup of deposits in the combustion
chamber: using lead free gasoline (lead contributes to deposit formation); using gasoline
with added detergents; keeping the engine in a well-maintained condition, and adjusting
the carburetor and ignition timing. Easing the accelerator pedal during acceleration will
prevent knocking almost completely.

* Leaks throuigh closed valve (valve-seat recession). Deterioration will occur only during
high power demand on the engine, which does not happen very often in normal vehicle
operation. In driving the vehicle in windless weather on a flat road, only a few horsepower
are necessary. For example, the road load horsepower for a Lada is only 7 hp at 80
kilometers per hour (km/h). The rest of the engine power is used only during acceleration
or under adverse conditions such as climbing steep inclines. These situations do not occur
continuously, so the valve-seats have time to cool down.
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4. Experience during lead phaseout in North America and Europe confirms the above
observations: the elimination of lead from gasoline did not cause any serious problems in vehicle
fleets. Low levels of lead (0.02-0.05 grams per liter) can fully prevent valve-seat deterioration.

* North America. Most vehicles produced since 1971 have hardened valve-seats or inserts, so
the issue of engine deterioration was not a significant concern during lead phaseout.

* Western Europe. As in North America, most vehicles produced since the early 1970s have
been manufactured using cast-iron inserts in aluminum heads or, more recently, induction-
hardened iron or special-alloy inserts (McArragher 1993). The technical considerations of
lead phaseout in Europe were potentially more significant, since the ratio of power to
engine displacement was higher than in the United States. In Sweden one- and two-cylinder
engines were producing power outputs similar to those of the large eight-cylinder vehicles
in the United States and hence were operating in the high-power region more frequently
than the North American vehicles. In Austria and Sweden lead was phased out while a
number of vehicles with soft valve-seats were still in the fleet. To prevent damage to these
engines under increased load conditions, a fuel additive, sodium naphthanate, was
introduced (Lovei 1997).

* Slovakia and Hungary. As in Sweden, a segment of the fleet in Slovakia and Hungary has
soft valve-seats. In these countries fuel additives were used to prevent potential damage
(Lovei 1997). Neither country has reported valve-seat problems following the initiation of
lead phaseout programs.

2.9 Benefits of Lead Phaseout

In countries where the phasing out of leaded gasoline has been undertaken, regulators could
introduce more stringent emissions standards once automobile manufacturers were able to
incorporate catalytic after-treatment of the exhaust. The nontechnical benefits that have been
cited include improved health conditions, resulting in lower educational and health costs. lower
mortality rates, and improved productivity (Lovei 1997). These benefits are attributed to the
dramatic reduction of lead levels in the ambient air and to the reduction of other emissions from
transport, as a result of improved emissions controls.

Lead phaseout can be expected to extend engine life by eliminating lead scavengers, which in
turn produce hydrogen chloride and hydrogen bromide. These acids combine with the engine oil,
causing internal corrosion and rust and making frequent oil changes necessary to prevent long-
term damage. They also contribute to corrosive wear inside the cylinder, especially wear of the
piston rings, and to corrosion of the exhaust system. Lead deposits can physically foul spark
plugs and contribute to chemical corrosion. Lead oxide attacks the protective oxide layer on the
valve, causing corrosion and, eventually, guttering.
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3 Fleet Octane Demand

This chapter provides an estimation of the octane requirement of the fleets, by category and by
country, to the years 2005 and 2010 (see Table 3.1) and presents the spreadsheet model used for
projections of fuel demand and fuel mix. It also gives an update on the status of Uzbekistan's
natural gas vehicle program.

3.1 Octane Requirements

Heavy-Duty Vehicles

The heavy-duty vehicle fleet in the NIS comprises a mix of gasoline and diesel vehicles and is
heavily weighted toward gasoline use. The heavy-duty gasoline vehicles in the region operate on
the lowest-octane fuel. Although this fuel is inexpensive, discussions with government officials
from the ministries of transport in Georgia and the Kyrgyz Republic indicated that operators
prefer to use diesel-powered vehicles because of lower fuel price, fuel economy, engine
durability, and the performance advantages of diesel. In the historical data that were available for
some countries, the numbers of heavy-duty gasoline vehicles appear to be declining at a rate of 5
to 10 percent per year, while diesel is gaining popularity. This will have a significant impact on
the overall fleet octane requirement, as heavy-duty gasoline vehicles are significant consumers of
76 MON gasoline in these countries.

Light-Duty Vehicles

In general, the light-duty fleet in most NIS countries comprises a mix of domestic and imported
vehicles. The number of vehicles requiring higher-octane gasoline is significantly larger that in
the low octane fleet, and the number of low-octane vehicles is steadily declining. The average
age of the fleet was difficult to determine, but reported averages ranged from 10 to over 15 years.
Considering the relatively low economic growth during the 1990s, this age range is not too
surprising.

The choice of fuel for operating these vehicles is primarily driven by economics. Although
several domestic models were designed for 92 RON gasoline, the price differential between low-
and high-octane fuels favors the purchase of lower-octane gasoline. In Kazakhstan, for example,
the regional lead phaseout study by the Danish EPA (1998a) found a discrepancy between the
fleet octane requirement and fuel sales, indicating that consumption of high octane gasoline was
lower than required by the vehicle specifications. This suggests that light-duty vehicles are being
operated with lower octane than required by the manufacturer or that additives, such as lead, are
being illegally added to gasoline to increase the octane.
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Table 3.1 Summary information on the study countries and their vehicle fleets

Country Area (kkn7) Population GNP (US$ Highways (kilometers) Total Total Total Other
(millions) per capita 1997) Paved Unpaved Total vehicles light-thty heavyl-duity

Armenia 29,800 3.80 560 8,560 0 8,580

Azerbaijan 86,600 7.90 510 54,188 3,582 57,770 365,782 272,092 93,690 NA

Georgia 69,700 5.44 860 19,354 1,346 20,700 406,733 340,407 66,326 NA

Kazakhstan 2,717,300 15.7 1,350 104,200 36,800 141,000 1,496,969 1,098,548 398,421 67,630
Kyrgyz 198,500 4.70 480 16,854 1,646 18,500
Republic

Tajikistan 143,100 6.11 330 11,330 2,370 13,700 329,996 120,819 209,177 NA

Turkmenistan 488,100 4.72 640 19,488 4,512 24,000 314,990 252,082 62,908 NA

Uzbekistan 447,400 24.1 1,020 71,237 10,363 81,600 1,139,849 889,286 250,563 NA

NA Not available. GNP gross national product.
,Sources: For population and GNP, World Bank.
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3.2 Future Trends in Fleet Fuel Requirements

To forecast the fuel mix and octane demand of the on-road fleet for the study countries, a
spreadsheet was developed and the available fleet information for each country was entered into
it. The level of detail varied from country to country. The tables in Appendix A present details
for models for each country except Tajikistan, for which detailed data were not available.

In the best case, actual numbers of specific models were available for both domestic and
imported vehicles. For Tajikistan, only total numbers of gasoline and diesel vehicles were
obtained. To apply the spreadsheet model to Tajikistan, the fleet demographics of Kazakhstan
were used to determine the ratios of vehicles in the four categories-trucks, buses, cars, and
specialty vehicles-and the split between gasoline and diesel usage. A representative vehicle
type, based on the popularity of the type in Kazakhstan, was chosen for each subcategory. This
approach was thought to be reasonable, given the detailed data available for the Kazakhstan fleet.
However the split between total diesel and total gasoline vehicles in these countries is very
different.

In addition to the numerical vehicle counts for the study countries, the basic characteristics of
each type of vehicle in the fleet are presented in the initial columns of the spreadsheet and, where
available, as multiple-year data. The key characteristics of interest are fuel type and fuel
consumption per unit distance traveled, as supplied by vehicle manufacturers. This analysis
assumes that the vehicle uses the proper fuel (for example, gasoline of the minimal octane
specified by the vehicle manufacturer) and that the fuel economy is that given by the
manufacturer. Since proper vehicle maintenance and engine calibration are important factors in
achieving the designed fuel economy, the cited values probably underestimate actual fuel
consumption. Throughout this chapter, 76 (MON) is used to designate low-octane gasoline (for
example, 72 MON, 76 MON, and 80 RON), and 92 (RON) is used to designate high-octane
gasoline (91 RON and higher).

The fuel requirements for the base year are calculated by using estimates of annual vehicle
kilometers traveled (VKT) by vehicle class (e.g., 40,000 km for trucks, 50,000 km for buses,
15,000 km for cars, and 10,000 km for special vehicles). These annual VKT estimates are the
same for all countries and were assumed because of the lack of available data from individual
countries. The calculations are carried out for each vehicle type, and the results are added up for
the three fuel categories. This provides theoretical fuel consumption for the base year, 1998.
Figure 3.1 and Table 3.2 present the results of these calculations. Also presented are the
consumption values of gasoline and diesel fuel as obtained by the petroleum sector analysis team
from government sources and the team's estimates of the split between high-octane and low-
octane gasoline.
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Table 3.2 Fuel use in the study countries
(millions of tons)

I A76 A92 Diesel

Azerbaijan (without pipelines)

Fuel data 0.12 0.35 ] 0.52

Model calculation 0.50 0.27 0.56

Georgia

Fuel data 0.09 0.35 0.29

Model calculation l 0.57 0.37 0.26

Kazakhstan

Fuel data 1.6 0.38 2.8

Model calculation 2.2 1.1 8 .4

Tajikistan

Fuel data 0.27 0.03 0.90

Model calculation 0.40 0.08 2.7

Turkmenistan

Fuel data 0.64 - [ 0.70

Model calculation 0.63 0.20 0.09

Uzbekistan

Fuel data 1.8 0.17 2.5

Model calculation 2.3 0.65 0.78

a. Data on octane split data available; total domestic
gasoline production is 0.64 million tons.

It is evident that the estimates in the model and the available fuel data show significant
differences in both the absolute and relative fuel quantities for the base year. The model estimates
for total gasoline demand are all higher than the available fuel consumption data. (The entries for
Turkmenistan in Table 3.2 do not indicate that the model and fuel data for A76 are the same; the
available data are for total gasoline production rather than for domestic consumption by the
vehicle fleet.)

The absolute quantity of fuels is a function of the value of the assumed VKT by vehicle class-
for example, 50,000 km per year for buses and 40,000 km per year for trucks. These values can.
in principle, vary from country to country and for the particular conditions of the base year in any
country. The shares of different transport fuels estimated for each country for the base year are
functions of the vehicle fleet makeup for the country and the ratio of assumed annual VKT by
vehicle class; e.g., 5/4 for (bus VKT)/(truck VKT).
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The overestimation of fuel demand by the model is partly attributable to the assumptions that had
to be built into the calculations in the absence of statistical data. One of the more obvious
weaknesses of the spreadsheet is the assumption that all registered vehicles are actually operating
and that they are operating up to the estimated annual VKT. Although vehicle retirement
(scrappage) is not well documented in these countries, the percentage of vehicles registered but
no longer operating is believed to be high. An overestimation of the number of vehicles would in
turn lead to an overestimation of the amount of fuels consumed. In particular, if the number of
heavy-duty gasoline-powered vehicles in the model is overestimated in relation to other
categories of vehicles, the results presented above will exaggerate the decrease in gasoline
demand in the future from this segment of the fleet. Country-by-country variances from the data
may also be attributable to gaps in the available data. In addition. there may be shortfalls in the
fuel data because the amounts of fuel that are smuggled would not be included.

To obtain agreement between estimated and actual fuel consumption for the base year in a
country, the absolute value of annual VKT per vehicle in each category can be adjusted,
preferably keeping the ratios between vehicle classes the same (since these ratios are reasonable).

The differences in gasoline octane mix between the model estimates and the available fuel
consumption data show variation among countries. The use of fuel with a higher octane rating
than required does not present a problem for most vehicles, and it is possible that a significant
fraction of vehicles that require low-octane fuel may actually use the available higher-octane fuel.
Another possibility is that vehicles running on low-octane gasoline have much lower annual
VKT than do vehicles using high-octane gasoline. The use of fuel with a lower octane rating than
required does present operating problems for the vehicle. but there are indications that users find
ways to alleviate these problems when high-octane gasoline is not available or is too expensive.
For example, as noted above, lead (or similar) additives may be added illegally to gasoline to
increase the octane. Another practice for which there is anecdotal evidence is that vehicle owners
remachine their engines to decrease the compression ratio so that they can run on low-octane
gasoline without major problems. Unfortunately, there is no inforrnation that can be used to
quantify the overall effect of these practices and so determine whether they can explain the
differences in estimated octane pool requirements and available fuel consumption data.

The differences are more significant for Azerbaijan and Georgia. where fuel data show a higher
than expected use of high-octane-gasoline. They are smaller for Kazakhstan and Uzbekistan,
where use of high-octane gasoline is lower than expected. The explanations offered above are at
least consistent with the magnitudes of these differences.

For diesel, the spreadsheet models estimate only the demand by road vehicles, but the available
fuel data include off-road use of diesel as well. Thus, the diesel quantities in the available fuel
consumption data would be expected to be higher than the demand estimates by the model.
However. the model estimates are higher for diesel as well as for gasoline as a result of the
assumed annual VKT figures by vehicle category and the assumed numbers of vehicles. If the
VKT values are scaled down, as suggested above, to obtain agreement between the gasoline
figures, the ratio of estimated diesel to estimated gasoline can be used to obtain the off-road
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portion of the diesel use in the available fuel consumption data. Although this is a reasonable
approach, it does not provide an independent comparison of model estimates and the available
fuel consumption data. Furthermore. application of this procedure leads to a wide range of ratios
of on-road to off-road diesel among the countries-for example, 2.0 for Azerbaijan, 0.27 for
Uzbekistan, and 0.03 for Turkmenistan. For Tajikistan, the estimated on-road diesel is more than
the total from available fuel consumption data, which, using this calculation method, yields a
negative ratio. There may well be significant differences among the countries in diesel use for
sectors other than the documented vehicle fleet, but no information is immediately available with
which to verify or refute these differences.

For Tajikistan the vehicle fleet is estimated on the basis of the total numbers of gasoline and
diesel vehicles and a distribution of vehicles among truck, bus, and light-duty categories modeled
after that in Kazakhstan. The negative off-road diesel consumption that results from the above
procedure suggests that the numbers of diesel vehicles are seriously overestimated. The
difference between the model calculations and available fuel consumption data for Tajikistan
given in Table 3.2 is therefore most likely a result of the elevated numbers of diesel vehicles and
the vehicle fleet assumptions. In the case of other countries, the differences may be in part due to
inaccuracies in the vehicle fleet and fuel consumption data themselves.

In projections for future years, the spreadsheet model essentially forecasts a reduction in low-
octane gasoline usage by heavy-duty and light-duty vehicles requiring low-octane gasoline. This
is a result of replacement of gasoline-fueled heavy-duty trucks and buses by diesel and of
retirement of cars powered by low-octane gasoline and their replacement by vehicles running on
high-octane gasoline. Usage of diesel and high-octane gasoline by the rest of the fleet is adjusted
so as to increase the total VKT in direct proportion to GDP growth rates (from World Bank
estimates, with two scenarios for Azerbaijan, without and with the full development of the oil
resources which will require construction of major export pipelines). The total VKT derived in
the spreadsheet calculations are compiled for each year up to 2010. The calculations determine
the percentage increase in the use of diesel and high-octane gasoline to maintain a total VKT
proportional to GDP given decreases of 5 percent a year in use of low-octane gasoline for the
base case. Other cases are discussed in the section on sensitivity analysis, below.

The evolution of the fuel mix in future years for a particular country is governed primarily by the
assumptions of the model, the GDP projections, and the vehicle fleet data for the base year. Thus.
it is the fuel mix in the base year, rather than the absolute fuel consumption numbers, that is
important for projecting the changes in fuel mix for future years.

The model does not make specific projections about the numbers of vehicles in various
categories in future years. The projected increases in total VKT are considered to be realized by
an unspecified combination of number of vehicles multiplied by the average VKT per vehicle in
a particular fuel category. For example, the introduction of imported vehicles in future years is
not explicitly accounted for in the fleet makeup, but the increased use of high-octane fuel acts as
a surrogate for the introduction of these vehicles, which are assumed to require high-octane fuel.
This is obviously a simplification of the actual situation and will miss the effect of fleet makeup
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on fuel economy in different vehicle classes. Such a simplification. however. is probably
preferable to estimating fleet changeover characteristics for future years, particularly in the
absence of sufficient past data for different vehicle types from which extrapolations can be made.

Considering the discussion above on estimated fuel quantities for the base year, two key
indicators can summarize the projections of the model:

* Fuel quantities required in future years, relative to those in 1998

* Fuel and octane mix in future years, relative to that in 1998.

Table 3.3 presents the relative fuel quantities. Table 3.4 shows the overall fuel mix, and Table
3.5 shows the gasoline octane mix. The data in Tables 3.4 and 3.5 are also shown graphically in
Figures 3.2 and 3.3.

It can be seen that total fuel demand increases in each country broadly in step with the expected
increases in GDP but that total gasoline demand shows significant variation among the countries
because of the assumed decline in the use of low-octane gasoline. The use of high-octane
gasoline increases in a manner comparable to the use of diesel. Total gasoline does not increase
as rapidly, or even shows a decrease, because of the estimated 5 percent per year decline in the
use of low-octane gasoline. Thus, Kazakhstan and Uzbekistan-countries with a high fraction of
low-octane gasoline in the gasoline pool in the base year-show a total gasoline demand trend
that is noticeably different from the other countries in that it declines between 1998 and 2005.
This decrease occurs despite growth ratios of 2.2 in diesel in both countries over the period
1998-2010. Tajikistan has a high estimated fraction of low-octane gasoline, in addition to having
a high fraction of diesel in the total pool. Projections for 2010 thus show a steep decline of 19
percent relative to 1998 for total gasoline, while GDP increases by 87 percent and diesel
increases by nearly 120 percent. It has to be borne in mind, however, that the vehicle fleet data
themselves are estimated and that the base year fuel mix estimation is highly uncertain.

The sensitivity of these projections to the estimated value of a 5 percent decrease per year for
low-octane gasoline and the proportionality of total VKT to GDP are tested quantitatively in the
next section. Special sensitivity cases are considered for Kazakhstan and Uzbekistan. and further
analysis is conducted to shed light on the implications of the projections..
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Table 3.3 Projected changes in GDP and in quantities of transport fuel used

(1998= 1)

Aerbaijan, AZerbabjan, Georgia Kazakhstan Tajikislan Turknienistan U:bekistan
witho0ut with

pipelines pipelines

GDP

2005 1.28 1.47 1.31 1.27 1.47 1.23 1.15

2010 1.64 2.22 1.63 1.62 1.87 1.43 1.27

Gasoline

2005 1.02 1.13 1.07 0.99 0.86 1.01 0.92

2010 1.14 1.45 1.20 1.09 0.81 1.06 0.90

Diesel

2005 1.63 1.93 1.65 1.60 1.65 2.00 1.71

2010 2.27 3.18 2.23 2.24 2.18 2.72 2.17

Note: Two projections are made for Azerbaijan, without and with full development of the oil resources offshore of
Azerbaijan which will require construction of major export pipelines. In the "with" case, GDP growth assumed in the
study was limited to 10 percent in any year.
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Table 3.4 Fleet fuel requirements: Base year (1998). 2005. and 2010
(Percentage of on-road fuel demand)

1 1998 1 2005 2010
Azerbaijan (without pipelines)

Diesel 42 54 59

A76 38 21 13

A92 20 26 28

Georgia

Diesel 22 30 34

A76 47 28 18

A92 31 42 48

Kazakhstan

Diesel 30 41 47

A76 48 28 18

A92 22 31 35

Tajikistan

Diesel 85 92 94

A76 12 6

A92 3 3 3

Turkmenistan

Diesel 9 17 21

A76 69 44 31

A92 22 39 48

Uzbekistan

Diesel 2 1 33 39

A76 61 39 28

A92 18 28 33
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Table 3.5 Fleet octane demand: Base year (1998), 2005, and 2010
(Percentage breakdown)

1 1998 1 2005 T 2010

Azerbaijan (without pipelines)

A76 65 45 31

A92 35 55 69

Georgia

A76 61 39 27

A92 39 61 73

Kazakhstan

A76 68 48 34

A92 32 52 66

Tajikistan

A76 83 68 55

A92) 17 32 45

Turkmenistan

A76 76 [53 39

A92 24 47 61

Uzbekistan

A76 | 78 |59 46

A92 J 22_ _ 41 54
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3.3 Sensitivity Analysis

The projections of fuel quantities and fuel mix for each country for future years up to 2010 were
determined by using a simple spreadsheet model as described in Section 3.2. The key input
parameters of the model are the annual GDP growth rates up to 2010 and a 5 percent per year
decline in the use of low-octane gasoline (designated as A76 in the figures). Also inherent in the
model are the assumptions that:

* Diesel fuel and high-octane gasoline (designated as A92) will satisfy the increased demand
resulting from the decline of low-octane gasoline, as well as any increase in aggregate
demand.

* Total VKT are proportional to GDP.

The sensitivity of the calculated fuel quantities and the mix of fuels were investigated by
considering the following cases for each country up to 2010:

* Case 1: An annual decline of 7.5 percent in the use of low octane gasoline (instead of the 5
percent decline rate in the base case)

- Case 2: An annual percentage increase in VKT of 1.25 times the annual percentage
increase in GDP (instead of the direct proportionality in the base case)

v Case 3: The combined effects of case 1 and case 2.

The detailed results of these calculations are presented in Appendix B. The key results from this
sensitivity analysis for total fuel quantities and the shares of the three types of fuel are presented
in Tables 3.6 and 3.7. The tables show results projected for 2010, since the differences are
expected to be largest at the end of the projection period.

Two alternative GDP growth scenarios were considered by the World Bank for Azerbaijan.
These were referred to as "normal growth' and "high growth" in the spreadsheet model analysis.
Since the high-growth scenario is based on timely completion of oil export pipelines and the
income growth is likely to be skewed and to accrue to the oil sector more than to any other
sector, the annual GDP growth values associated with this scenario were capped at 10 percent in
any given year to arrive at a "limited high growth" scenario (`with pipelines," in Table 3.3). The
sensitivity analyses presented in Tables 3.6 and 3.7 are for the normal growth scenario. The
results of the limited high growth scenario have been included in other comparisons.

It is apparent from Tables 3.6 and 3.7 that both the total quantity of fuel and the fuel mix
projected for 2010 show only moderate sensitivity to the estimated values of the model
parameters. Given that the magnitudes of the parameters varied by noticeable amounts (50 and
25 percent, respectively, for the two parameters referred to above), the projections can be
considered fairly stable under the basic trends identified for gasoline and diesel usage.
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Table 3.6 Sensitivity of the 2010 fuel mix projections to model parameters
(percentage of fuel demand)

Base Case I Case 2 Case 3

Azerbaijan (without pipelines)

Diesel 59 62 60 62

A76 13 9 1 1 8

A92j 28 29 29 30

Georgia

Diesel 34 36 35 37

A76 18 13 16 ] 1

A92 48 51 49 52

Kazakhstan

Diesel 47 50 48 51

A76 18 13 16 11

A92 35 37 36 38

Taj ikistan

Diesel 94 95 94 95

A76 3 2 3 2

A92 3 3 33

Turkmenistan

Diesel 21 23 22 24

A76 31 23 28 21

A92 48 54 50 55

Uzbekistan

Diesel 39 43 40 44

A76 28 20 27 19

A92 33 36 33 37
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Table 3.7 Sensitivity ofthe 2010 fuel quantity projections to model parameters:
Total fuel consumption

(millions of tons)

Base I Case I Case 2 Case 3

Azerbaijan (without pipelines)

Gasoline 0.88 0.82 0.97 0.91

Diesel 1.3 1.3 1.5 1.5

Georgia

Gasoline 1. 1.1 1.3 1.2

Diesel 0.59 0.61 0.68 0.70

Kazakhstan

Gasoline 3.6 3.3 3.9 3.6

Diesel 3.2 3.3 3.7 3 .8
Taj ikistan

Gasoline J 0.39 0.33 0.42 0.36

Diesel | 6.0 6.1 7.1 7.2

Turkmenistan

Gasoline 0.87 0.82 0.93 0.88

Diesel 0.23 0.25 0.26 0.27

Uzbekistan

Gasoline 2.7 2.4 2.8 2.5

Diesel j 1.7 1.9 1.8 1.0

Although the sensitivity patterns of the projections for each country are similar, there are some
noticeable differences in absolute fuel quantities and fuel mix among countries-for example,
fuel mix for Georgia and Turkmenistan and fuel quantity for Tajikistan. in relation to the relative
fleet sizes in Table 3.1 and the assigned distribution of vehicles as discussed in Section 3.2. In
Tajikistan the total fleet was reported to be 330,000 vehicles, with an approximate 50-50 split
between gasoline and diesel. Given the general lack of light-duty diesel vehicles in the region (as
indicated by detailed information from Kazakhstan and Uzbekistan), most of the diesel was
assumed to be consumed by the heavy-duty fleet. The 50-50 split results in a fleet profile which
is more heavily weighted towards heavy-duty diesel vehicles than has been observed in the other
countries in the region. and consequently much higher diesel fuel consumption.

The differences between countries arise directly from the vehicle fleet characteristics in these
countries rather than from the assumptions in the model projections. (The exception was the
broad assumptions applied to Tajikistan.) For example, the fleet in Turkmenistan is very heavily
weighted toward light-duty vehicles.
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The projections for Kazakhstan and Uzbekistan merit further discussion and case studies, since
they show noticeably different trends for total gasoline quantities (see Section 3.2) and had more
detailed fleet inforrnation to support the model estimations. Although Tajikistan shows
noticeably different trends as well, further analysis is not justified, since detailed fleet data are
not available. Both Kazakhstan and Uzbekistan have a high proportion of low-octane gasoline in
the base year, which makes the 5 percent per year decline for low-octane gasoline a more
significant factor in future year projections. The model projects increases in the use of diesel and
high-octane gasoline to account for the increases in total VKT (which, in turn, are assumed to
stem from increased GDP). One question of interest might be whether the projections
overemphasize the growth in diesel at the risk of underestimating the increases in gasoline use.
Since one of the outstanding characteristics of the vehicle fleets in question is the relatively high
proportion of heavy-duty vehicles that use gasoline, it is worthwhile looking at the growth in
total annual VKT separately for light-duty and heavy-duty vehicles (LDVKT and HDVKT), in
addition to the trends in gasoline and diesel use. An additional case worth studying is higher
sensitivity of total VKT to GDP, coupled with a lower rate of decline in the use of low-octane
gasoline.

In addition to the three case studies for sensitivity described above, a fourth sensitivity case study
has been completed for Kazakhstan and Uzbekistan, as follows:

* Case 4: An annual rate of decline in the use of low-octane gasoline of 2.5 percent (instead
of the 5 percent decline rate in the base case) and an annual percentage increase in VKT of
1.25 times the annual percentage increase in GDP (instead of the direct proportionality in
the base case)

The results are presented in Table 3.8, with additional information on the ratio of LDVKT to
HDVKT.
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Table 3.8 Additional sensitivity analysis for Kazakhstan and Uzbekistan

Kazakhstan1 Uzbekistan

Base case |_Case 4 Base case Case 4

1998 2010 J 2010 1998 1 2010 2010

Model parameters

Annual decline (percent) 5 2.5 5 2.5

VKT elasticity l 1.25 l 1.25

GDP (1998 = 1) 1 1.62 1.62 1 1.27 1.27

Fuel quantities (1998 = 1)

Low octane 1 0.54 0.74 1 0.54 0.74

High octane 1 2.24 2.50 1 2.17 2.14

Total gasoline 1 1.09 1.27 1 0.90 1.04

Diesel 1 2.24 2.50 1 2.17 2.14

Fuel mix (fraction)

A76 0.48 0.18 0.23 0.61 0.28 0.36

A92 0.22 0.35 0.33 0.18 0.33 0.29

Diesel 0.30 0.47 0.45 0.21 0.39 0.35

VKT mix

LDVKT/HDVKT 1.09 1.98 1.82 1.35 1 1.99 1.81

Focusing on the LDVKT/HDVKT ratio first, it is seen that both the base case and case 4 project
a substantial increase in the share of light-duty VKT for 2010 (that is. a higher ratio of light-duty
VKT to heavy-duty VKT). The proportion of heavy-duty vehicles in the total fleet in these
countries is relatively high at present, compared with the situation in Western Europe and North
America. It can be expected that there will be increased private ownership of light-duty vehicles
in the future and a relatively higher LDVKT. The projections of the spreadsheet model are thus
consistent with the expected trend in the vehicle fleet mix. The parameters used in the
spreadsheet model actually pertain to fuel types rather than vehicle types. LDVKT and HDVKT
are affected differently because the heavy-duty fleet has a higher fraction of vehicles that use
low-octane gasoline than does the light-duty fleet. Since the model keeps total VKT proportional
to GDP while decreasing use of low-octane gasoline, the ratio of LDVKT to HDVKT increases.
The change is substantial over the period (from 1.1 to 1.8 over 12 years) and is in the expected
direction. Therefore, in answer to one of the questions posed for the additional analysis on
Kazakhstan and Uzbekistan. model projections for 2010 are not unduly influenced by an
overemphasis on diesel, since LDVKT (using gasoline) is increasing in both absolute value and
in relation to HDVKT (using mostly diesel).

The second point is that for Kazakhstan, case 4 yields a total gasoline growth factor of 1.27
(compared with a GDP growth factor of 1.62) while for Uzbekistan the growth factor is still
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barely on the positive side, at 1.04 (compared with a GDP growth factor of 1.27). As noted, this
is simply a reflection of the high fraction (61 percent) of low-octane gasoline in the fuel mix for
Uzbekistan relative to Kazakhstan (48 percent). Cases with even lower decline rates for low-
octane gasoline, or a higher sensitivity of VKT to GDP, can be considered to project a positive
growth factor for total gasoline. These, however, will not necessarily be more informative; the
basic difference between the projections for different countries stems from the fuel mix in the
base year, which in turn is governed by the vehicle fleet characteristics. Unless radically different
assumptions are made for the decline rate of low-octane gasoline in different countries, the
effects of the initial mix on the projections for 2010 will persist.

3.4 Uzbekistan Natural Gas Vehicle Program

Uzbekistan has significant natural gas resources, and CNG is already used as a transport fuel.
There are plans to expand the use of CNG in the vehicle fleet, including light-duty vehicles, and
to introduce liquefied natural gas (LNG) in special niches such as railroad locomotives and
heavy-duty mining vehicles. In this section the current status of CNG use in the vehicle fleet and
the expansion plans are reviewed from the perspective of this study. Comprehensive reports from
the broader perspectives of transport energy policy and developments are available (USTDA
1997; Pyadichev 1999).

CNG Vehicle Fleet and Fueling Infrastructure

CNG vehicles in Uzbekistan are nearly all heavy-duty vehicles and buses, representing 4.3 and
3.6 percent of the respective fleets in 1995 (USTDA 1997). Most of these vehicles have been
converted to CNG from gasoline; the vehicles that have been converted from diesel use a mixture
of diesel and CNG. The conversion of vehicles to CNG is carried out in shops with fewer than 10
employees and conversion capacities of up to 1,000 vehicles per year. The fuel kits are imported
from Russia, and the fuel tanks are made of heavy steel. Eight to 10 fuel tanks are installed per
vehicle, adding 600-1,000 kilograms (kg) to the weight of the vehicle and giving a typical
driving range of 250 km. The share of CNG in meeting the countrywide transport energy demand
is 5 percent; 33 fueling stations serve the CNG fleet. Although the existing stations are currently
operating well below their estimated capacities. another 32 fueling stations are planned or are
under construction to serve an expanded CNG fleet.

Planned Large-Scale Conversion of Vehicle Fleet to CNG

The feasibility and impacts of converting more of the Uzbekistan transport fleet to CNG were the
subjects of a study undertaken in 1995 for the U.S. Trade and Development Agency (USTDA) by
Radian International and the Tashkent Automotive and Road Construction Institute (see USTDA
1997). The study looked at conversion options under various fuel-pricing scenarios and
concluded that it would be technically and economically feasible to convert a total of nearly
750,000 vehicles in five years. This conversion program would include conversion of nearly
500,000 light-duty vehicles from gasoline to CNG, in addition to a rapid expansion of the
existing heavy-duty CNG fleet. Given that Uzbekistan has about 1.2 million vehicles, the
projected scale of such a conversion program is significant. The benefits of the conversion
program were identified as:
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* Fuel savings and reductions in fuel imports

* Increased tax revenues

* Increases in the service life of the vehicle

* Reductions in emissions of CO, PM (particulate matter), HC, and SO, (sulfur dioxide)

* Possible further reductions via the simultaneous introduction of catalytic converters

* Consistent fuel supplies and fuel quality.

The challenges for the implementation of such a large-scale conversion program and for the
required foreign investments for CNG infrastructure were identified as:

* Continued devaluation of the Uzbek currency because of high inflation

* Fuel price volatility

* Resistance to the conversion program by vested gasoline import interests

* Restricted foreign exchange markets.

In recognition of the nature of these challenges, particularly over the short term, a phased
approach was recommended, with an initial conversion target of 215.000 vehicles to take
advantage of the estimated excess fueling capacity in the existing CNG infrastructure.

Current Status of CNG Conversions of the Vehicle Fleet

CNG conversions are at present dormant for all practical purposes. A total of 168 vehicles was
converted in 1997-98, compared with a high of 1,430 vehicles in 1995 and a countrywide
conversion shop capacity of nearly 12.000 per year (Pyadichev 1999). At one of the conversion
shops visited during August 1999. with an annual conversion capacity of 1,000 vehicles, only 60
vehicles had been converted during the previous year. The number of vehicles running on CNG
in the country actually decreased after 1996. as older vehicles were retired.

The current state of conversion activity probably represents the limitations of the existing
technology (steel tanks and open-loop fuel conversion kits from Russia). The implementation of
a large-scale conversion program will require investments in Uzbekistan for producing
lightweight fuel tanks made of composite material and electronically controlled conversion kits
that can operate with closed-loop electronic fuel/air management systems. Future production
facilities for pressure reduction/mixing devices, composite material fuel tanks, and electronic
components have been approved by government authorities. It is estimated (Pyadichev 1999) that
it will take two years for production of composite fuel tanks in Uzbekistan to begin. Financing
possibilities for constructing a composite fuel tank factory are under discussion.

Estimates on the eventual share of CNG use in the vehicle fleet vary from 10 percent of trucks,
25 percent of buses, and 35 percent of cars (Pyadichev 1999) to 20-40 percent of the overall fleet
(USTDA 1997: Uzavtotrans 1999).
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Air Quality and I/M Program Considerations

One of the expected benefits of the CNG conversion program is a reduction in motor vehicle
emissions. The Radian study (USTDA 1997) in fact estimated reductions of pollutant
concentrations at a roadway intersection as a result of projected CNG conversions by running a
USEPA emissions/dispersion model. The scenario considered is that all the light-duty vehicles
operating on 93 RON gasoline (26.2 percent of the vehicle fleet), all the gasoline-fueled heavy-
duty vehicles (6.2 percent of the fleet), and all the gasoline-fueled buses (0.44 percent of the
fleet) are converted to CNG. Reductions are quoted for CO (22 percent). NO, (1.5 percent), total
hydrocarbons (33 percent), SO2 (12 percent). PM (10 percent), and lead (20 percent). The
roadway intersection air quality improvements estimated in the Radian study are based on a
combination of emissions factors measured on a converted vehicle in Uzbekistan and on
published emissions factors from the open literature for vehicles and fuels similar to those in
Uzbekistan.

Data comparing emissions from individual vehicles or classes of vehicles before and after
conversion to CNG are not readily available in Uzbekistan. The figures in Table 3.9 currently
used for emissions inventory purposes in Uzbekistan are more indicative of the existing vehicle
fleet's operation than of the reductions that can be expected from a large-scale conversion
program. Emissions of CO and HC per ton of fuel are 70 and 40 percent lower for CNG than for
gasoline, although they are higher by 70 and 100 percent for CNG than for diesel. The NO,
figures for CNG show a large discrepancy between the two sources of information; no
explanation was available.

Table 3.9 Emissions factors by fuel type
(mass of emissions per unit mass of fuel)

Type offuel

Toxic substmnces Diesel fuel Leaded gasoline CVG

CO 0.1 0.6 0.17

Hydrocarbons 0.03 0.1 0.06

NO, 0.04 0.04 0.04-0.27a

Soot 0.014-0.016a NA NA

Aldehydes 0.0026 0.004 NA

SOM 0.02 0.002 NA

Benzo(a)pyrene 0.31 x 1O-' 0.23x 1 0-6 NA

Lead NA 0.0003 NA

NA Not applicable.
a. The range of values quoted reflects differences in the data from two sources, Sabirov (1999) and
Pyadichev (1 999).
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Although CNG is generally recognized to be a cleaner-burning fuel than diesel and gasoline, the
emissions benefits cannot be realized if the ignition and fuel/air systems cannot be adjusted to
minimize the emissions while maintaining engine performance. It is not clear whether the higher
CO emissions with CNG relative to diesel shown in Table 3.9 are a reflection of this factor. It is
clear, however, that the general requirements for well-equipped service and repair facilities and
I/M procedures mentioned in the next chapter apply just as much to the CNG fleet as to other
vehicles.

For hydrocarbon emissions. a complication arises in comparing emissions from CNG to gasoline
and diesel. Methane is a relatively benign emission from the viewpoint of direct human health
impacts or potential to form ground-level ozone. In recognition of this fact, regulations and
measurements of motor vehicle hydrocarbon emissions have moved towards quantification of
nonmethane hydrocarbons (NMHC) in recent years. For CNG-fueled vehicles, the greatest part of
the hydrocarbon emissions is methane, and there is a significant difference between total
hydrocarbon (THC) and NMHC emissions from CNG-fueled vehicles. A realistic assessment of
the environmental benefits of CNG vehicles relative to other fuels therefore requires testing
equipment capable of making this distinction, i.e.. gas chromatography. Well-equipped chemistry
laboratories integrated with emissions testing facilities, such as those at the Tashkent Automobile
and Road Construction Institute, are necessary for such work. Given the general correlation
between CO and HC emissions, however, effective I/M procedures utilizing only CO
measurements are acceptable, provided that some detailed data are collected on the THC/CO and
NMHC/CO ratios from a representative number of vehicles in the fleet.
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4 Inspection and Maintenance Programs

Exhaust emissions measurements of CO and HC for gasoline vehicles and of opacity for diesel
vehicles are part of the required periodic technical inspections for road vehicles in the NIS.
Although the regulations that call for measurements as frequently as every three months are still
in effect, observations suggest that an effective I/M program based on these regulations is in fact
not operating in the countries visited. Officials complain of not having enough equipment and
personnel to carry out the measurements, and the quoted numbers of tests completed are in sharp
contrast to the numbers that would be expected if the regulations were enforced rigorously.
Meaningful statistics on pass/fail rates needed to assess the effectiveness of the tests and to
derive information about the emissions characteristics of the vehicle fleet are not available. There
is no attempt to quantify the impact of the presence or absence of I/M programs on total
emissions from the vehicle fleet or on urban air quality. This contrast between regulations on
paper and what actually happens is probably attributable to the general decline in the economy of
these countries over the past decade. The state of the economy affects everything from the
availability of material and human resources for I/M programs to the perceived importance of
their expected benefits in relation to other pressing needs of society.

In this section, we review the technical issues related to existing I/M programs, identify factors
that affect the effectiveness of these programs. and make recommendations for future action.
Improvements in the implementation of I/M programs may contribute to the realization of
ambient air quality benefits expected from fuel quality improvements and vehicle fleet turnover
in these countries. Characteristics common to all the countries that have been visited are first
presented, followed by sections on individual countries to summarize unique characteristics and
provide information about institutions significant for future work.

4.1 Emissions standards for in-use vehicles

In-use gasoline vehicles are expected to demonstrate compliance with the emissions levels
described by FSU Regulation GOST 17.2.03-87 and summarized in Table 4.1.

Table 4.1 In-use emissions levels for gasoline engine vehicles (GOST 17.2.03-87)

Engine speed CO, volume (percent), HC (pp7m), marimum
maximum Up to 4 cylinders More than 4

cylinders

Idle 1.5a 1,200 3,000

High speedb (no load) 2.0 6,00 1,000

Note: ppm, parts per million; rpm, revolutions per minute.
a. For police and municipality roadworthiness checks, a CO reading at idle of <3.0 percent is required, in
effect making this the l/M pass/fail criterion.
b. 2,000 rpm minimum, or 80 percent of nominal rpm at maximum speed
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In-use diesel vehicles are expected to demonstrate compliance with the emissions levels
described by FSU Regulation GOST 21393-75 and summarized in Table 4. 2.

Table 4.' In-use emissions levels for diesel engine vehicles (GOST 21393-75)

Maxiniini opuacity (percent)

Model Snap acceleration Maxinnum speed

KAMAZ, MAZ, KAZ, and 40 15
modifications

MAZ, KAZ, and modifications 60 15
with pre-1976 engines __ I

A more recent version of these regulations (GOST 17.2.2.01-84) sets somewhat different levels
for pre- and post-1988 vehicles, as shown in Tables 4.3 and 4.4. These standards relate to both
new and in-use vehicles. It is not clear how rigorously the new regulations have been
implemented and observed or enforced. since the values in Tables 4.1 and 4.2 were those
obtained from two separate sources (Sabirov 1999; Pyadichev 1999) and observed posted during
a vehicle emissions center visit in Tashkent.

Table 4.3 Diesel engine vehicle emission levels according to GOST 17.2.2.01-84
for pre- 1998 vehicles

Test cvcle Maximum opacity,
(percent)

Loaded test on a dynamometer 48
Speed dependent characteristics: beginning from rated
speed to the greater of 45 percent of rated rpm or 16.7
revolutions per second

Snap idle test (normally aspirated engines) 40

Snap idle test (turbocharged engines) 50
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Table 4.4 Diesel engine vehicle emission levels according to GOST 17.2.2.01-84
for post-1998 vehicles

Exhaust volumne (liters per second) Maximunm opacity (percent)

Up to 42 60

50 56

75 50

100 45

125 41

150 39

175 37

200 35

Above 200 34

Note: Four-stroke engines: exhaust volume displacement x revolutions
per second - 2. Two-stroke engines: exhaust volume = displacement x
revolutions per second

4.2 Emissions Measurement Equipment

The equipment used for CO measurement is a nondispersive infrared device. Infralyt 110 was
one system observed in both Azerbaijan and Uzbekistan. HC emissions are measured with an
instrument equipped with a flame ionization detector, typically Beckman. Opacity measurement
uses a partial-flow device; a portion of the exhaust gas is forced through a tapered geometry light
measurement cell under the velocity/pressure head available in the tailpipe. In Uzbekistan
emissions measurement equipment has been produced locally under the TAZAL and TAZAL-D
labels for gasoline and diesel vehicle emissions measurements, respectively.

Internationally, three types of opacity meters are in current use: full-flow (or "free-flow") meters,
which measure opacity across the full path-length of the tailpipe; partial-flow meters, which draw
a sample of the exhaust and measure opacity across a path length specific to the measuring
device; and hybrids, in which the measurement device is inserted into the tailpipe, measuring
opacity across a short path-length that is, again, specific to the instrument. In all three cases the
opacity must be corrected by comparison with a standard path-length of 127 millimeters (mm, 5
inches). In Europe, the partial-flow type of meter (like the TAZAL-D used in Uzbekistan) is
favored over the other types: there are concerns with full-flow meters regarding the effect of
ambient conditions on the measured opacity exhaust plume and with hybrids regarding flow
disturbances when the measuring device is inserted into the tailpipe. and the partial-flow meter
avoids these drawbacks.
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4.3 Frequency of Measurement and Institutional Sefting

In principle, vehicles are supposed to be tested regularly at intervals that range from three months
(Azerbaijan and Uzbekistan) to a year (Georgia and Turkmenistan). in addition to any roadside
checks they may encounter. Owners/drivers are expected to carry documents certifying the dates
and results of these inspections and to produce them when they are stopped at a roadside check.
Institutional fleets have their own garages that can do the measurements. Individual vehicles are
subject to testing by the road police (GAI), the ministry of environment, or, in Georgia and
Uzbekistan. private garages authorized by the GAI. The GAI or the ministry of the environment,
or both. may carry out routine inspections in testing stations located permanently at a particular
site or conduct roadside inspections at various locations at different times. In practice. the
inadequate numbers of emissions measurement equipment means that tests are implemented only
as resources permit and only on a fraction of the total vehicles in the fleet. This is particularly
true for private vehicles, which in theory should be subjected to periodic emissions testing. For
example, in Azerbaijan quarterly tests for all vehicles would suggest something of the order of 1
million tests per year, whereas the latest available pass/fail statistics (for 1992) give a total of
122,000 tests for the year, of these, 22,000 vehicles failed because CO exceeded 3 percent at idle.
HC and opacity readings had not been conducted for lack of equipment. In Uzbekistan the failure
rate for CO tests was quoted as typically 20 percent. but the actual number of tests was not
available. The commercial firm contracted for the testing of private vehicles indicated that
roadside tests had all but ceased in the first six months of 1999 due to the unavailability of GAI
officers for enforcement.

4.4 Record-Keeping and Evaluation of I/M Program Effectiveness

The absence of detailed records from I/M programs is a strong indication that these programs do
not operate as rigorously as the written regulations would suggest. Records on the number of
vehicles tested and of vehicles that passed, if kept at all, appear to be available only for total
numbers of vehicles, without breakdown by type or age. Keeping relatively simple statistics on
pass/fail rates for different ages and models of vehicles would be the first step toward
determining whether these I/M programs have some relevance for ambient air quality objectives.
The information gathered from regularly scheduled testing can be used to target the right vehicles
during roadside checks so that the limited number of checks can be more effective. There was no
evidence, however, that such an approach had ever been taken, and there has been no attempt to
evaluate the effectiveness of the testing programs beyond the tabulation of overall numbers of
vehicles tested, passed, and failed. The overall numbers themselves sometimes contradict the
stated frequency of testing for vehicles, as noted above for Azerbaijan.

4.5 Assessment of Current I/M Program Procedures

It is not necessary to inspect in-use light-duty vehicles as frequently as every three months. Given
the limited amount of resources available to carry out the periodic inspections, the first step
towards more effective monitoring could be to reduce the frequency of inspections. Inspection
requirements on new light-duty vehicles may be waived for two years or longer, with older
vehicles tested once a year or so.
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For gasoline-fueled engines, the CO measurements summarized in Section 4.1 can effectively
identify gross maladjustment of the air-fuel ratio and so help reduce excess emissions if regularly
implemented for older vehicles with carburetors and no emissions control devices. Most of the
vehicle fleet in the study countries conforms to this description. Although the HC limits are
disproportionately high. it is the CO measurement equipment that is more commonly available.
and hence the CO values represent the de facto emissions limit. On this basis, it would appear
that a satisfactory I/M regime exists at present, provided that it is implemented and enforced. A
number of factors, described below, indicate a contrary conclusion, however.

For gasoline-engine vehicles with more advanced systems such as fuel injection, electronic
ignition. oxygen sensors, and catalytic converters, measurements of CO and HC at idle or fast
idle are not good indicators of the performance of emissions control system and hence are not
particularly effective as I/M program procedures. For fleets dominated by such vehicles, much
more resource-intensive (in terms of equipment and personnel) I/M procedures involving
continuous measurements under transient conditions on a chassis dynamometer have been
developed (Faiz, Weaver, and Walsh 1996; CONCAWE 1997). It is important to note that in
countries with enhanced I/M programs the effectiveness of such programs has been the subject of
intense debate in recent years (Coninx 1998; McClintock 1998). I/M programs that aim to test all
vehicles in the fleet at periodic intervals have been criticized for not being cost-effective means
of reducing emissions. This criticism is based on an increasing body of data suggesting that most
of the fleet emissions come from a small fraction of gross emitters in a fleet otherwise regulated
to very low emissions levels. Although the vehicle fleets in the countries of interest for this study
are not yet regulated to such low emissions levels, the fraction of vehicles with advanced systems
will grow approximately in proportion to the growth of the fleet requiring higher-octane gasoline.
Such vehicles should therefore be considered of interest for projections to 2010 in this study.

Exhaust opacity measurements are a good indicator of PM emissions, which are the most serious
concern for diesel engines. Opacity measurement during snap acceleration continues to be the
primary I/M method in North America, even for newer engines designed to meet lower emissions
standards. The I/M opacity limits used are comparable to those quoted from GOST standards.
above, with 40 percent opacity for post-1991 vehicles and 55 percent opacity for pre-1991
vehicles. These are the failure limits for I/M checks and are not representative of the entire fleet.
As an example, in a study conducted in the northeastern United States, the observed median fleet
opacity was 15 percent (NESCAUM 1997). The declining scale used in Table 4.4 appears to aim
at a stricter regulation for larger engines than that currently used in North America. The lowest
opacity limit of 34 percent in Table 4.4 for the highest exhaust flow rates is comparable to the 40
percent. at a path-length of 127 mm (5 inches), representative of the larger vehicles in the North
American fleet,

In summary, it would appear that a satisfactory I/M regime for diesel vehicle exists at present,
provided that implementation and enforcement are ensured.
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4.6 Assessment of Program Implementation and Effectiveness

The technical and institutional framework described above for motor vehicle I/M programs
provides evidence that the importance of emissions for urban air quality has been formally
recognized for some time. Most people contacted during the country visits, however, readily
acknowledged that there has been a decline in the 1990s in the level of activity and the rigor with
which the emissions standards have been enforced. The underlying cause is the general decline in
the economies of the region during most of this period and the relative importance ascribed to
motor vehicle emissions controls as against apparently more pressing concerns. The immediate
effect on I/M programs is felt in the lack of resources for maintaining and renewing the required
equipment and in difficulties in retaining the qualified technical personnel for implementing
effective I/M procedures.

Information on the overall numbers of CO. HC, and opacity meters in operating order is not
readily available, but it seems obvious that the pool of instruments has not seen any additions in
recent years. The number of operating instruments has in fact decreased due to a lack of
resources for routine maintenance. CO meters appear to be more common than either HC or
opacity meters.

The availability of qualified personnel for periodic emissions measurements or roadside checks is
important for effective implementation of I/M procedures. as well as for the maintenance of
equipment. For example. in Azerbaijan and Uzbekistan the GAI has dedicated personnel in the
ecology division for directly carrying out roadside measurements or enforcing the measurements
in collaboration with dedicated technicians from a private company or the environment ministry.
Occasionally it becomes necessary to assign police officers to more pressing tasks such as traffic
flow control for extended periods. reducing the level of activity for roadside checks. It is also
becoming difficult to retain, in positions that are not necessary highly paid, technical personnel
who are sufficiently qualified to maintain the aging instruments in a satisfactory state.

The main technical support system in the Soviet Union for the annual calibration of emissions
measurement equipment. the gases required for periodic calibration, and the training of personnel
for these purposes was the Soviet Standards Institute. With the breakup of the Soviet Union,
access to and links with this institute have naturally become weaker. and these functions are not
being carried out as effectively as in the past.

The consequence of failing an emissions test in a periodic or roadside check is a monetary fine
that is collected right away without any corrective action necessarily being taken until the next
time the vehicle is tested. Although the fines are typically not trivial, drivers often weigh them
against the cost of having the vehicle serviced or, alternatively, attempt to pay a lower informal
fine. The problem in all cases is that the payment of the fine, not corrective action that might
reduce the excess emissions, is often seen as the central issue.

Anecdotal evidence from drivers in Baku and Tashkent. as well as personal observations in
Tbilisi, suggest that in practice, I/M programs do not generally live up to the intended and desired
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outcome. Taxi drivers were aware that a practice of exhaust emissions measurement existed, but
typically they had not been subjected to one. One taxi carried two "ecological passports"
designed to record the dates and outcomes of the regular emissions tests; neither contained any
entries. Continuous observations on a busy route over the course of an hour revealed a relatively
large number of vehicles with visible smoke that would have been difficult to miss in periodic
checks.

4.7 Future Equipment Needs

New emissions measurement equipment was the need most frequently identified by contacts in
the countries visited as necessary for effective I/M programs. It is not clear, however, that
additional I/M equipment under the existing programs would necessarily translate into a more
effective I/M program, partly for some of the reasons mentioned above. Achievement of the
ultimate goal of reducing emissions from the vehicle fleet depends on the general state of vehicle
maintenance infrastructure and assessment of the feasibility of new opportunities for cost-
effective solutions to I/M tasks.

One of the most important factors in achieving reduced emissions from the privately owned
vehicle fleet is the availability of service and repair facilities with good diagnostic equipment and
qualified technicians. It is significant that GAI contacts in both Azerbaijan and Uzbekistan found
it desirable to have roadside stations that could do both the emissions testing and the adjustments
and repairs required to reduce the emissions. An exhaust CO meter alone would be sufficient for
an I/M system that aims to identify problem cases, but equipment that integrates emissions
measurements with ignition and fuel system diagnostics is required if service and repair facilities
are to correct the problems. In North America decentralized I/M programs with "test-and-repair"
facilities are generally considered to be less effective than centralized I/M programs with "test
only" facilities (CCME 1998). However, in a setting in which adequately equipped service and
repair facilities are not readily available, a rigorous "test only" program may well prove to be
little more than a fine-collection mechanism.

The service and repair facilities in institutional vehicle fleet depots (for example, for ministry of
transport fleets) can serve as models for roadside test-and-repair facilities for privately owned
vehicles, if these are established. Uzavtotrans Enterprise #2503, with a fleet of about 370
vehicles, in Tashkent is probably a good example of what might be expected from well-run fleet
I/M programs. The emissions measurement station at this depot had operational CO and opacity
meters and a chassis dynamometer so that opacity readings at constant high speed could be taken.
The station appeared functional and well maintained, with qualified personnel who were ready to
answer all technical questions. The emissions measurements are carried out as part of the
technical inspections at three-month intervals or after any major repair work done on a vehicle.
The significance of measurements in a fleet facility is that a vehicle failing any part of the
technical inspection (including the emissions test) does not go out on the road until appropriate
maintenance has fixed the problem. In the case of emissions tests, this typically means
adjustment of the fuel-air ratio. If roadside test-and-repair facilities were available for the general
fleet, similar results could be the aim.
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Current I/M procedures and equipment will become increasingly inappropriate as the fraction of
gasoline vehicles with more advanced fuel systems and emissions control technology increases.
The emissions behavior of such vehicles at idle, or at constant speed, is not a particularly good
indicators of their emissions behavior over a complete trip. In principle, it is necessary to observe
the emissions behavior of such vehicles over the course of a realistic trip simulated on a chassis
dynamometer. This very resource-intensive procedure is the basis for new vehicle compliance
verification programs for light-duty vehicles in the United States, Canada, Japan, and European
countries. Shorter and less resource-intensive versions of this procedure are used in many I/M
programs in North America. The cost-effectiveness and the tangible air quality benefits of these
programs are subjects of intense debate among researchers. policymakers. and the implementing
agencies for the programs (Beaton et al. 1995; Zhang et al. 1996; Coninx 1998:
McClintock, 1998, Cadle et al. 1999).

Remote sensing technology for vehicle emissions has come of age in the past decade and offers a
powerful tool for comprehensive coverage of the entire fleet at a fraction of the cost of testing
vehicles on a chassis dynamometer. or even at idle, if all costs associated with the testing are
considered. The I/M activities in the study countries use the "test every vehicle" approach, in
principle. Even for the fleet of vehicles that can effectively be tested with existing procedures,
these countries will require major investment in new tailpipe CO and HC analyzers if this
approach is to be effective. For newer vehicles with computer-controlled fuel-air ratio and
emissions control technologies, investment in such equipment will be ineffective, and the use of
trip simulation-type tests would require much more expensive equipment. In North America
remote sensing has been considered more often as a complement to existing I/M programs than
as an alternative, but it has shown potential for identifying high emitters among both older and
newer vehicles. It is therefore reasonable to consider a pilot project to assess the potential for
remote sensing as an alternative to existing I/M procedures in the study countries. Further
discussion on this suggestion is offered in Section 4.8.

At present, remote sensing can be considered proven technology for light-duty gasoline vehicles.
For heavy-duty gasoline vehicles or diesel vehicles, there are promising advances in remote
sensing research and development but no operational systems that can be recommended for field
trials in the countries of interest. For this portion of the vehicle fleet, the combination of
institutional fleet test-and-repair facilities and roadside checks for CO and opacity readings, as
appropriate, would need to be maintained. For both applications, emissions measurement
equipment that integrates fuel and ignition system diagnostics would be needed, as mentioned
above, for service and repair facilities.

4.8 A Remote sensing Pilot Project for I/M Programs in Central Asia and
the Caucasus

Remote sensing technology utilizes the principles of infrared spectroscopy to measure
concentrations of HC. CO. CO,. and NO, in the exhaust plume of a vehicle while it is being
driven on a street or highway. The speed and acceleration of the passing vehicle can be recorded
simultaneously with an image of the license plate, making it possible to identify vehicles and
determine the conditions under which the measurement was taken. Existing systems can measure
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over 4,000 cars per hour on a continuous basis, providing a powerful tool for characterizing the
emissions from the on-road vehicle fleet.

Remote sensing has been used as a component of I/M programs in North America, either to
identify high-emitting vehicles and call them back for repair or to identify clean vehicles and
exempt them from regularly scheduled periodic measurement at I/M stations. For example, the
Colorado Enhanced l/M Program study (McClintock 1998) looked at the effectiveness of the
' clean screen"' and "high emitter identification" approaches to remote sensing. The clean screen
mode assumes the existence of another I/M inspection, while the high emitter identification mode
can be utilized with or without another I/M inspection. Either way, remote sensing represents a
proven and cost-effective alternative to the "test every vehicle" approach in traditional vehicle
emissions inspection programs.

The capacity to screen thousands of vehicles in an unobtrusive way has become even more
important with the increasing technical requirements for measuring emissions from newer
vehicles. These vehicles have some form of emissions control technology designed to meet low
emission limits per unit distance traveled, and their emissions can only be measured in a
meaningful way under realistic driving conditions, rather than at idle. Procedures such as ASM
(acceleration simulation mode) and IM240 (the first 240 seconds of a longer certification test)
rely on the use of a dynamometer in addition to the emissions measurement apparatus, increasing
the cost of implementing the measurement infrastructure. It is estimated that remote sensing can
now achieve a cost of 2 (U.S.) cents per vehicle, while traditional I/M programs such as ASM or
IM240 have costs in excess of US$10 per vehicle (Cadle et al. 1999; NMA). As mentioned
above, remote sensing has been considered more often as a complement to existing I/M programs
such as IM240 rather than a method by itself, but it has been used successfully for identification
of high emitters (Stedman et al. 1994; Zhang et al. 1996). Commercial literature (ESP) lists long-
term programs utilizing this mode in Arizona (1995-99) and California (1995-97).

Remote sensing has been widely used only in North America, but it offers a cost-effective
solution for vehicle fleet screening in developing countries as well. Taiwan (China) first
implemented a remote sensing program in 1997-99, with 10 stations. Remote sensing for
identification of gross emitters is currently being implemented under four contracts, with nearly a
million vehicle tests per year. The aim of the program is to identify the dirtiest 10 percent of the
vehicle fleet and send those vehicles to service stations for repairs. Other metropolitan areas such
as Beijing. Bangkok, and Seoul are planning similar programs.

Limitations

Existing remote sensing systems have a number of technical limitations:
* Proven systems exist only for gasoline vehicles.

* Measurements are limited to a single lane of traffic.

* Heavy-duty gasoline vehicles may have exhaust locations that make them inaccessible to a
remote sensing device set up for passenger cars.
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The reason for the single-lane limitation is that the beam traversing the road at exhaust height
must see the emissions from one vehicle at a time for unique identification. This condition can be
met by placing the remote sensing device on highway entry and exit ramps. However, such ramps
may not see all vehicles, or even a representative sample. Furthermore, like exhaust
measurements at idle, emissions of vehicles on entry and exit ramps do not show the best
correlation with emissions over a whole trip. To channel part of the traffic on heavily traveled
roadways to a special measurement lane is not generally considered a viable option-although it
is really no different from a mandatory roadside check and can be carried out with much less
inconvenience to drivers. Another mode of operating a remote sensing device as an I/M tool
would be to ask drivers to drive past an off-road station at a given speed instead of stopping to
complete exhaust measurements at idle or on a chassis dynamometer. Ontario. Canada, evaluated
this concept successfully early on as part of a centralized approach before going ahead with a
decentralized test-and-repair approach (Petherick 1996)

In addition to the technical limitations mentioned above, it is worth discussing some possible
differences between the study countries and the social, economic, and technical environments
where remote sensing has been successfully demonstrated.

Costs

Cost estimates of $90,000 to $140,000 have been made for stationary and mobile remote sensing
stations, including personnel training (NMA). More precise costing and arrangements for a pilot
project would need to be negotiated with a commercial vendor. Although these costs are
significant, they have to be compared with the cost of setting up a large number of traditional I/M
stations that can handle comparable numbers of vehicles.

Vehicle Fleet Database

Utilizing remote sensing as an I/M or screening tool requires an efficient database of vehicle
identification records so that license plates can be matched with the other details of the vehicle.
At present, vehicle records may not be sufficiently computerized for this purpose. The
implementation of such databases would therefore be a precondition for any work on remote
sensing. Indeed. such computerized databases are also required to implement and monitor other
I/M programs, if those programs are to be effective in reducing air pollution. Establishment of a
database is a relatively straightforward task that can be accomplished with modest marginal
resources and would have a positive effect on all record-keeping activities.

Collaborating Agencies

In any of the countries involved, the participation of the road police and the ministry of nature
protection would be required for implementing a pilot project, as these agencies would later be
the ones to implement the program on a continuous basis.

Training and Technical Support

The level of technical competence and training required for personnel implementing remote
sensing would be somewhat higher than that required for operating existing CO and opacity
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meters. The technology is now sufficiently robust that competent operators can run the
equipment with relatively little trouble. As with existing equipment, technical support from the
vendor would need to be ensured on a continuous basis.

Field Implementation

The single-lane limitation may be less of a problem in Central Asia and the Caucasus than in
North America. Existing I/M programs have a roadside check component that is implemented by
road police and is generally accepted by the public. With mobile remote sensing stations. it
would be possible to divert some vehicles to a temporarily designated I/M lane without having to
actually stop the vehicles-an improvement over the existing roadside check operation.

Location and Duration

A pilot project to assess the effectiveness of remote sensing in one of these countries would
require a minimum of six months to establish a sufficient vehicle measurement database. The
choice of location would depend strongly on the response from the potential host countries. It
would be desirable to carr, out the pilot in a major city such as Almaty, Baku, or Tashkent to
ensure the necessary vehicle traffic volumes and the fleet mix of old and new, Western and
Soviet vehicles.

Expected Benefits

A pilot project can provide answers about the long-term viability of using remote sensing as an
I/M tool, in addition to providing some immediate benefits. Specifically:

* It would be possible to determine whether a relatively small fraction of the fleet is
responsible for most of the exhaust emissions. This is true for the North American vehicle
fleet and is the basis for seeking alternatives to the "test every vehicle" approach of
traditional I/M programs.

* The data collected may help to develop "high-emitter" and "clean-vehicle" profiles within
the fleet to aid in targeting vehicles in future I/M programs, with or without remote
sensing.

* A pilot project would raise technical awareness among the road police and ministry of
nature protection personnel responsible for testing motor vehicle emissions.

* A pilot project would identify technical, social and institutional issues that may affect the
long-term application of the technology, favorably or adversely.

4.9 Country-Specific Information

The information presented in Sections 4.1 through 4.8 is more or less common to all the
countries visited (Azerbaijan, Georgia, Turkmenistan and Uzbekistan). In this section we
comment on specific institutional initiatives by country and present additional data, where
available. The institutional information and contacts are important not only for assessing the
existing situation but also for developing future I/M programs for improved urban air quality.
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Azerbaijan

The Ecological Center of the Azerbaijan Republic (Ekomerkez) has some experience with
emissions inventory development and with detailed ambient air quality modeling for Baku,
incorporating nearly 2.000 point sources from various industries and all major road arteries as
line sources from motor vehicle traffic. The model is capable of identifying hot spots for
pollutants of concern on the basis of meteorological data inputs. The motor vehicle line sources
are based on rush-hour vehicle counts and average emissions factors based on the Russian
vehicle fleet. Although the model may need additional work in terms of updated traffic activity
and emissions factors before it can be validated, it nevertheless represents the most
comprehensive effort encountered during the country visits at quantifying the impact of motor
vehicle emissions on urban air quality.

Dovlet Yol Polisi (the former GAI) implements an I/M program consisting of exhaust CO
concentrations measured at idle in three stations situated on the main highways leading into
Baku. In 1992 an I/M protocol was signed establishing 3 percent CO at idle as the pass/fail limit
for roadside checks. Of the 120,000 vehicles tested, 22,000 vehicles failed. A limited number of
opacity meters exists but they are not fully operational. There are also 11 i "regions" in Baku, each
with a vehicle inspection station for carrying out quarterly technical inspections. Aimed mostly at
safety-related checks, these stations can also do CO emission checks, since they are normally
equipped with CO meters of the kind used by the GAI (Infralyt 1 100). The GAI official who was
interviewed was well aware of various I/M types of equipment and procedures and had followed
developments in such equipment. as evidenced by familiarity with recent literature from
European and North-American manufacturers. Lack of adequate equipment and modem roadside
facilities was cited as a serious impediment to more effective I/M programs. A Scientific
Committee was formed in 1999 to assess the ecological impacts of the transport system as a
whole by coordinating the efforts of multiple institutions.

Georgia

The Georgian Automobile Federation (GAF) is a nongovernmental organization for promoting
safe and ecologically acceptable ways of incorporating automobiles into the country's transport
and tourism sectors. GAF is a member of the Federation of International Automobile
Associations and is active in providing services such as visas, driver's licenses, insurance, and
technical services for international automobile tourism. GAF recently acquired the Institute of
Machine Mechanics through a privatization program and is in a position to upgrade and utilize
those facilities to serve as a center of expertise for fuel quality and motor vehicle emissions
issues. The institute's laboratories have chassis and engine dynamometers, as well as an octane-
testing engine, although this equipment has not been used very regularly in recent years.

One of the most important fuel quality issues at present concerns the large quantities of
unofficially imported or blended fuel available on the market. The blended fuel may contain lead.
The problem stems mainly from the price differential between officially imported and contraband
fuel. For example, officially imported diesel fuel is available to fueling stations at 18 (U.S.) cents
a liter and may sell at 20 cents per liter, while contraband diesel is typically available at 16 cents
a liter. "Normal" gasoline sells at 31 cents a liter, while "super" sells at 35-38 cents a liter,
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making it attractive to produce higher-octane gasoline by introducing additives. Even for
officially imported gasoline, testing and documentation of fuel quality is less than satisfactory,
motivating GAF's desire to set up a fuel quality laboratory.

Motor vehicle emissions tests are carried out by privately operated stations as part of periodic
technical and safety inspections. In addition. the road police implement emissions measurements
as part of an I/M effort. However, the fines levied on noncompliant vehicles appear to be a more
noticeable element of the operation than the assessment of whether any improvement in
emissions is being achieved.

Kazakhstan

In Kazakhstan, as in most NIS countries, the procedures for technical maintenance and technical
inspection of vehicles were completely separate.5 At present, maintenance is conducted by large
and medium-size fleet operators that remained after the collapse of the Soviet Union or by the
independent service organizations created by privatization. These independent organizations use
infrastructure and personnel inherited from the former Soviet Union. The costs of maintenance
are included in transport fees or are covered by the owner of the serviced vehicle.

Technical inspection is performed by the road police according to procedures developed by the
Ministry of Internal Affairs of the Republic of Kazakhstan. These procedures are based on the
national standard of the former Soviet Union (GOST 25478-91, "Vehicles. Needs for providing
road safety. Methods of testing") and on changes in vehicle registration, when inspection is
required. The cost of technical inspection is regulated by the regional authorities and is paid by
the owner of the vehicle.

Operators of large vehicle fleets perform maintenance of their vehicles in specialized shops. The
equipment used by those garages is mostly old and outdated. The quality of service provided by
independent service organizations varies. Service provided by large vehicle manufacturers
equipped with state-of-the-art equipment is very good, but the number of service outlets is
extremely limited. Service organizations established earlier as transport enterprises in the form of
small garages mostly do not provide quality service, due to outdated equipment and the limited
technical knowledge of the staff.

Technical inspection of vehicles is performed by special diagnostic (I/M) stations managed by
the road police. The number of these stations is limited. Some of the larger and adequately
equipped service stations perform I/M checks. This can be done only by special arrangement,
usually in the presence of a member of the road police.

Information on I/M procedures in Kazakhstan was provided by a local transport specialist, A. Bogdanchikov, and
was translated from the Russian.
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Technical maintenance is supposed to be performed in a planned, scheduled manner but very
often is limited only to the malfunction indicated by the driver. There is a widespread practice of
repair of automobiles by drivers without the use of any specialized diagnostic or measurement
equipment.

Inspection is performed once a year in the first half of the year. Due to limited technical resources
and financial limitations, as well as the inadequate technical training of the staff, most vehicles
are inspected only visually. Instrumentation is used only for testing brakes, outside lights. and
exhaust gases from gasoline vehicles in idle tests.

Certification and testing of all measurement and testing equipment used for technical
maintenance are undertaken by GOSSTANDARD, a state body. In the past every measuring
apparatus had to be presented to GOSSTANDARD for inspection. The frequency of inspection
ranged from 3 to 12 months, but this is not strictly adhered to at present.

For the most part, vehicle exhaust is not monitored. The only test procedure relates to CO from
gasoline-powered engines at idle, according to the standard GOST 17.2.2.03, "Environmental
protection atmosphere standards and methods of measurement of concentration of carbon
monoxide and hydrocarbons in the exhaust gases of vehicles equipped with gasoline engines.
Safety requirements." The maximum level of CO by volume is set at 3.0 percent at idle and 2.0
percent at 80 percent of the rated rpm, but not less than 2,000 rpm.

The regulated parameter for diesel engines is opacity of exhaust. It should not be greater than 40
percent for naturally aspirated engines and 50 percent for turbocharged diesel engines for a snap
idle test. For all diesel engines, opacity at maximum rpm should not be greater than 15 percent.
The actual testing of opacity is spotty, due to the limited availability of the necessary
instrumentation.

Uzbekistan

The Ministry of Transport (Uzavtotrans) operates a fleet of heavy-duty vehicles, in addition to
planning and regulating most transport of commercial goods in Uzbekistan. Also important from
the viewpoint of this study are the ministry's activities in the conversion of heavy-duty vehicles
to CNG through a joint-venture company. The Scientific Research and Production Center (NPO)
of the ministry has developed CO and opacity meters: it has sold 500 CO meters (TAZAL) and
50 opacity meters (TAZAL-D) in Uzbekistan and three times as many units to other NIS
countries. NPO undertakes some research in catalytic converter applications, fuel mixing, and
pretreatment devices such as a swirl inducing device for installation below the carburetor and an
electromagnetic collar for installation on the fuel line. The benefits expected from such devices
are more complete combustion. with concurrent increases in fuel efficiency and decreases in
emissions. No documentation, however, was available on either the theoretical basis of these
expected benefits or any empirical results. The ministry's vehicle depots are equipped with
vehicle inspection stations that have chassis dynamometers and incorporate capability for
measuring exhaust emissions of CO and opacity. The NPO's equipment could be considered for
meeting the equipment needs of revitalized I/M programs, even though some concern was
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expressed about the stability of the readings under field conditions. The evaluation and
improvement of this equipment may be feasible through joint work with international
laboratories and equipment manufacturers. The equipment needs of the Uzavtotrans fleet alone
were estimated as 100 CO, 200 HC, and 200 opacity meters. The government sector represents
nearly all of the 70,000 diesel vehicles and about 220,000 of the 1.1 million gasoline vehicles in
Uzbekistan. Thus, if the CO and HC meter estimates are representative of the equipment
requirements of current I/M program objectives, they would need to be multiplied by five for the
entire fleet.

The Tashkent Automobile and Road Construction Institute is a higher-education institute with an
enrollment of 3,000 students that trains professionals for employment in various parts of the
transport sector in Uzbekistan, including Uzavtotrans. The institute has well-organized
laboratories with equipment in good order, including Schenk chassis and engine dynamometers,
Beckman analyzers for CO, C02/0 2 (oxygen), and NO,, and a Czechoslovak gas chromatograph
for speciated hydrocarbons. The level of activity in the laboratories has been lower in recent
years than in the past due to difficulties in. for example, obtaining calibration gases.

The Ekoanalytical Laboratory of the State Committee for Nature Protection is also well equipped
for measurement of emissions from stationary sources (PM. CO, SO2 , and NO,) and from motor
vehicles (CO, HC, and opacity meters). For motor vehicle emissions, the laboratories have the
same equipment as does the GAI (German Infralyt 1100 for CO, Belarus instrument with CO and
HC capability). They provide I/M programs for nearly 500 institutional fleets that do not have
their own testing facilities. The GAI carries out testing on all private vehicles through its
roadside programs and through a private contractor. The laboratory also has an atomic absorption
spectrometer for analysis of trace metals in samples from different media.

The Tashkent Productive Commercial Firm (PKF), which has been in operation since 1982,
carries out roadside I/M programs under contract to the GAI. Olga Tsipinyuk. the firm's director,
expressed the view that the PKF is the only institution in the NIS doing this type of work. The
firm has nine mobile and six stationary laboratories equipped with CO and opacity meters
modeled after a Czech (Elkon) design. It can offer emissions testing and tune-up services to
commercial fleets through mobile laboratories and by bringing fleet vehicles to PKF facilities.
Under the program contracted by the GAI, each vehicle is given an inspection card once a year,
and emissions test results are recorded every three months. The PKF demonstrated its full
capacity with a record of 4,146 vehicles checked/repaired in one month a few years ago. The rate
of inspections has been closer to 5-6 per day per mobile lab recently, since, as a result of
restructuring, the GAI has not been able to supply the required enforcement officers. The PKF's
experience suggests that trucks older than six years merit attention, as 30 percent of them require
repair of some kind. The PKF is interested in establishing a network of modern inspection and
repair stations combined with car-wash facilities and convenience stores, similar to those in
Europe and North America.
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5 Conclusions and Recommendations

The vehicle fleets in the countries studied show significant differences from those in Europe and
North America:

* The ratio of heavy-duty to light-duty vehicles is higher.

* The share of heavy-duty vehicles running on gasoline is higher.

* The share of gasoline vehicles running on low-octane gasoline is much higher.

Given the existing and expected development trends in these countries and closer economic
relations with Western countries, the following trends are foreseen in fuel requirements for the
vehicle fleet:

* Total fuel demand will increase in step with the forecast growVth in GDP.

* The use of low-octane gasoline will decline.

* The use of diesel and high-octane gasoline will increase.

Changes in the vehicle fleet and in the fuel mix can be implemented in a way that reduces the
impact of motor vehicle emissions on urban air quality. The elimination of lead from gasoline is
a key step in this direction, since lead has both direct and indirect impacts on urban air quality.
Lead in urban air affects human health directly, and lead in gasoline disables the most important
emission control technologies currently available for gasoline vehicles-catalytic converters.

Some countries in the region have access to considerable reserves of natural gas. In the near term,
natural gas could be considered as an alternative to gasoline for older light-duty and heavy-duty
vehicles, since the fuel systems can be retrofit onto existing vehicles. This study focused on and
evaluated Uzbekistan's CNG conversion program. Two critical areas that should be addressed in
these conversion programs are environmental benefits and economic sustainability. The
environmental benefits and economic feasibility of a natural gas conversion program in
Uzbekistan have been studied (USTDA 1997; Pyadichev 1999), and the findings suggest that
natural gas would be a viable alternative to gasoline and diesel for selected applications.

Since the mid-1990s, however, the number of annual conversions in Uzbekistan has suffered a
severe decrease. Estimates on the eventual share of CNG use in the vehicle fleet vary from 10
percent of trucks, 25 percent of buses, and 35 percent of cars (Pyadichev 1999) to 20-40 percent
of the overall fleet (USTDA 1997; Uzavtotrans 1999). The number of vehicles running on CNG
in Uzbekistan actually decreased after 1996 as older vehicles were retired from the fleet.

Inspection and maintenance programs aim to reduce motor vehicle emissions by ensuring that the
combustion systems and any emissions control technology on vehicles are well maintained.
Although appropriate I/M regulations are in place in the countries studied, the practice falls short
of the intended outcome of the regulations due to an inadequate infrastructure. With the expected
changes in vehicle fleets, the existing procedures will become increasingly inappropriate.
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Considering the infrastructure requirements of even the existing procedures. it is recommended
that a remote sensing pilot project be undertaken to characterize the vehicle fleet emissions in a
cost-effective way and to evaluate this technology as an integral component of future I/M
programs.
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Appendix A Vehicle Fleet Data, Fuel
Requirements, and Future Projections

Tables A. I-A.3 provide selected data collected during the study and used in the development of
the spreadsheet model.

Table A. I Trucks

______ _ [Azerbai/an Georgia KazakJ7stan Tajikistan| Turkinenistan Uzbekistan

Mlodel Fuel 1997 1997 1996 1998 1998 1997

RAF 76 MON 13,904 11,517

UAZ 76 MON 1.615 14.708 9,630 16.485

GAZ 76 MON 24.592 104,692 20,231 61.196

ZIL 76 MON 5,868 61,125 17,957 50,583

Other gasoline 76 MON 197 30,579 2,942 24,225 13,323

Ural Diesel 10,162

KrAZ Diesel 232 3.451 153,019 791

MAZ Diesel 3.636 5,729 1,847 13.775

KamAZ Diesel 2,750 45,401 3,954 33,647

BelAZ Diesel 1,190

Non-FSU Diesel 4,766
production

Other Diesel 41,134 15,533 37,472 677

Table A.2 Buses

A-erbaijan Georgia Ka:akhstan Tajikistan Turkmenistan Uzbekistan

Model Fuel 1997 1997 1996 1998 1998 1997

UAZ 76 MON 771 1,216

RAF 76 MON 2,697 4,058 3,821 4,006

KavZ 76 MON 2,245 1,743 12,530 4,954 3,821 9,483

PAZ 76 MON 2,803 6,930 8,584

NSAZ 76 MON 703 _

NSAZ Diesel

LiAZ 76 MON 176 3,034 981

LAZ 76 MON 6,901 1,812 6,030 8,298

Non-FSU 76 MON 866 5.571 5,471 3,679
production

Other Diesel 3,478 4,817 9,194 11,028 856 4,169
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Table A.3 Passenger cars

Azerbaijan Georgia Kazakhstan Tajikistan Turknmenistan U bekistan

Model Fuel* 1997 1997 1996 1998 1998 1997

ZAZ 76 MON 1 0.218 7,207 90.437 57,051 17,803 68,895

ZAZ 92+ RON 604 791

LuAZ 92+ RON 1,625 6,646 2,475

VAZ 92+ RON 166,373 234,225 405,464 57,051 133,379 293.709

AZLK (IZH) 76 MON 30,352 25,318 60,480 164,078

AZLK (IZH) 92+ RON 4,632 266,112 1,582

GAZ 76 MON 22,375 39,045 12.816 188,554

GAZ 97+ RON 6,331 2,928 1,879

GAZ 92+ RON 57,781

UAZ 76 MON 24,705 7,877

ZIL 92+ RON 14

Non-FSU 92- RON 2 1.485 24.823 110,376 6.170 109,688
production

EU 92+ RON 67,307

Japan 92+ RON 25,016

United 92-'- RON 5,011
States

Korea, Rep. 92+ RON 3.670
of

Other 92+ RON 14.958 36,009 6,830 64,362

* 92+ RON is used to designate gasoline of 92 RON or higher.

The vehicle fleet data for each country were entered into Excel worksheets. These worksheets
also incorporate the calculations of fuel requirements and projections to the year 2010. The
following description is intended to clarify the details of the spreadsheet structure and the
calculations that can be collectively referred to as the "model."

The numerical counts and basic characteristics of each type of vehicle in the fleet are presented in
the initial columns of each spreadsheet as multiple-year data whenever available. The key
characteristics of interest were the fuel type and fuel consumption per unit distance traveled, as
supplied by vehicle manufacturers.

The fuel requirements for any base year were calculated by using estimates, the same for each
country, of annual kilometers traveled by vehicle class. The calculation is carried out for each
vehicle type, and results are added up for the three fuel categories.

For future year projections. the model essentially foresees a reduction in low-octane gasoline
usage by heavy-duty vehicles and light-duty vehicles. Diesel and high-octane gasoline usage by
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the rest of the fleet increase by the amounts required to keep the total VKT related to GDP, the
forecasts of which were provided by the World Bank, including two scenarios for Azerbaijan.

In the spreadsheets., future-year fuel requirements by each type of vehicle are projected in two
blocks of columns. The first block pertains to the declining low-octane fuel; the second block
pertains to the increasing diesel and high-octane fuel. Total VKT derived from these two
categories is compiled for all years up to 2010, as well as totals across all vehicle types for any
given year.

The calculations essentially determine the percentage increase in the use of diesel and high-
octane gasoline that will maintain total VKT proportional to GDP given the decline in
consumption of low-octane gasoline (5 percent per year for the base case; other cases are tested
under sensitivity analysis).

The shares of different transport fuels estimated for each country for the base year are functions
of the vehicle fleet makeup for the country and the ratio of assumed annual VKT by vehicle
class. The absolute quantity of fuels is clearly a function of the value of the assumed VKT by
vehicle class. These values can, in principle, vary from country to country and for the particular
conditions of the base year in any country. The evolution of the fuel mix in future years for a
particular country is governed primarily by the assumptions of the model, the GDP projections,
and the vehicle fleet data for the base year. Thus, it is the fuel mix in the base year, rather than
the absolute fuel consumption numbers, that is important in projecting the changes in fuel mix
for future years.

Table A.4 presents summaries for the six countries studied. The figures for 1999 are presented
here since 1998 has already been given in the main body of this report.
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Table A.4 Summaries of model outputs, total fuel
(tons)

Azerbaijan Georgia Kazakhstan

1999 2005 2010 1999 2005 2010 1999 2005 2010

Sun? 76 479,515 352,487 272,748 543,131 399,252 308,933 2,133,569 1,568.369 1,213,574

Sum77 92 300,069 436.066 605,981 393,749 612,389 830,862 1,050,258 L1692,872 2,372,576

Total gas 779,584 788,554 878,729 936,880 1,011,640 1,139,795 3,183,826 3,261,241 3,586,15/)

76 0.62 0.45 0.31 0.58 0.39 0.27 0.67 0.48 0.34

92 0.38 0.55 0.69 0.42 0.61 0.73 0.33 0.52 0.66

Diesel 631.814 918,163 1,275,929 279,931 435,370 590.691 1,417,480 2,284,784 3,202.140

%Diesel 0.45 0.54 0.59 0.23 0.30 0.34 0.31 0.41 0.47

%Gasoline 0.55 0.46 0.41 0.77 0.70 0.66 0.69 0.59 0.53

%oDiesel 0.45 0.54 0.59 0.23 0.30 0.34 0.31 0.41 0.47

%76 0.34 0.21 0.13 0.45 0.28 0.18 0.46 0.28 0.18

%92 0.21 0.26 0.28 0.32 0.42 0.48 0.23 0.31 0.35

Tajikistan Turkmenistan Uzbekistan

1999 2005 2010 1999 2005 2010 1999 2005 2010

Suim 76 380,802 279,924 216,600 594,091 436,711 337,919 2,162,576 1,589.692 1,230,073

Sum 92 86.926 131.644 174,789 225,748 394.243 535,302 722.881 1.116,054 1.419,698

Total gas 467,728 411,568 391.389 819,839 830,954 873,221 2,885,456 2.705,746 2,649,771

76 0.81 0.68 0.55 0.72 0.53 0.39 0.75 0.59 0.46

92 0.19 0.32 0.45 0.28 0.47 0.61 0.25 0.41 0.54

Diesel 2.964,831 4,490.030 5,961,589 97,537 170,337 231,283 863,296 1,332,841 1,695,466

%Diesel 0.86 0.92 0.94 0.11 0.17 0.21 0.23 0.33 0.39

%Gasoline 0.14 0.08 0.06 0.89 0.83 0.79 0.77 0.67 0.61

%Diesel 0.86 0.92 0.94 0.11 0.17 0.21 0.23 0.33 0.39

%76 0.11 0.06 0.03 0.65 0.44 0.31 0.58 0.39 0.28

%92 0.03 0.03 0.03 0.25 0.39 0.48 0.19 0.28 0.33
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Appendix B Sensitivity Analysis

Table B. 1 presents the results of the sensitivity analyses for each country for 2010.
* Case 1: An annual decline of 7.5 percent in the use of low octane gasoline (instead of the 5

percent decline rate in the base case)

. Case 2: An annual percentage increase in VKT of 1.25 times the annual percentage
increase in GDP (instead of the direct proportionality in the base case)

* Case 3: The combined effects of case I and case 2.

Table B.1 Sensitivity analysis: Study countries, 2010
(tons)

Azerbaijan, normal GDP growth Georgia

Base Case I Case 2 Case 3 Base Case I Case 2 Case 3

Gasoline

A76 272.748 198,052 272.748 198,052 308,933 218,424 308,933 218,424

A92 605,981 626,830 692,708 713,557 830,862 863,357 957,616 990,111

Total gas 878,729 824,882 965,456 911,609 1,139,795 1,081,781 1,266,549 1,208,535

% A76 0.31 0.24 0.28 0.22 0.27 0.20 0.24 0.18

% A92 0.69 0.76 0.72 0.78 0.73 0.80 0.76 0.82

Diesel 1,275,929 1,319,827 1,458,539 1.502,437 590,691 613,793 680,805 703,906

%Diesel 0.59 0.62 0.60 0.62 0.34 0.36 0.35 0.37

%Gasoline 0.41 0.38 0.40 0.38 0.66 0.64 0.65 0.63

%Diesel 0.59 0.62 0.60 0.62 0.34 0.36 0.35 0.37

% A76 0.13 0.09 0.11 0.08 0.18 0.13 0.16 0.11

% A92 0.28 0.29 0.29 0.30 0.48 0.51 0.49 0.52
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Kazakhstan Tajikistan

Base Case I Case 2 Case 3 Base Case I Case 2 Case 3

Gasoline

A76 1,213,574 835.449 1.213,574 835.449 216.600 153142 216,600 153,142

A92 2.372,576 2.474.288 2,702,033 2,803,745 174,789 177,845 207.754 210,810

Total gas 3.586,150 3,309,737 3,915,607 3,639,195 391,389 330,987 424,354 363,952

°O A76 0.34 0.25 0.31 0.23 0.55 0.46 0.51 0.42

% A92 0.66 0.75 0.69 0.77 0.45 0.54 0.49 0.58

Diesel 3,202.146 3,339,422 3,646,798 3,784,074 5,961,589 6.065,823 7.085,922 7J190,156

%Diesel 0.47 0.50 0.48 0.51 0.94 0.95 0.94 0.95

%OGasoline 0.53 0.50 0.52 0.49 0.06 0.05 0.06 0.05

%Diesel 0.47 0.50 0.48 0.51 0.94 0.95 0.94 0.95

0%A76 0.18 0.13 0.16 0.11 0.03 0.02 0.03 0.02

% A92 0.35 0.37 0.36 0.38 0.03 0.03 0.03 0.03

Turkmenistan Uzbekistan

Base Case I Case 2 Case 3 Base Case I Case 2 Case 3

Gasoline

A76 337,919 245,375 337,919 245,375 1,230,073 869,694 1,230.073 869.694

A92 535,302 579.067 594,075 637,839 1,419.698 1,548.375 1.543.593 1,672.270

Total gas 873,221 824,441 931,994 883,214 2.649,771 2,418,069 2,773.666 2,541.964

%O A76 0.39 0.30 0.36 0.28 0.46 0.36 0.44 0.34

% A92 0.61 0.70 0.64 0.72 0.54 0.64 0.56 0.66

Diesel 231,283 250,192 256,677 275,586 1.695,466 1,849,138 1,843.426 1,997,098

%Diesel 0.21 0.23 0.22 0.24 0.39 0.43 0.40 0.44

%Gasoline 0.79 0.77 0.78 0.76 0.61 0.57 0.60 0.56

%Diesel 0.21 0.23 0.22 0.24 0.39 0.43 0.40 0.44

% A76 0.31 0.23 0.28 0.21 0.28 0.20 0.27 0.19

% A92 0.48 0.54 0.50 0.55 0.33 0.36 0.33 0.37
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