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Foreword -

In 1992, the World Bank’s yearbook, the World Development Report, drew
attention to an issue that had so far received little: the contribution of energy subsidies
to environmental damage. Modelling studies at the OECD and the World Bank showed
that removing energy subsidies could make a substantial contribution to the aim of
returning industrialised countries’ CO, emissions to 1990 levels in 2000, It seems to
make eminent sense that before discussing carbon taxes and other measures to control
pollution from coal use, subsidies for coal production should be remaoved.

The OECD’s Group on Energy and the Environment decided in late 1992 to look
into this issue in more depth, and set up an expert steering group to carry out a series of
couniry case studies, evaluating the environmental and economic effects of removing
energy subsidies. The steering group held periodic meetings over the following four
years, during which the scope of the project was expanded to consider iransport
subsidies. A conference was held in Rome in late 1996 to discuss all of the case studies
and consider the project conclusions. This book represents the final outcome, including
a synthesis of the project findings along with the papers contributed to the conference by
the case study authors. The full texts of the case studies are available from the OECD
Secretariat and have been posted on the OECD World Wide Web site.

At times during this four-year project, it appeared that the question of the
environmental impact of subsidies had disappeared from the international environment
policy agenda. However, since the spring of 1993, there has been a resurgence of
interest in OECD countries and in the wider international community. OECD
Environment Ministers, meeting in 1996, asked the Secretariat to provide a report to
them on the subject. Subsidy reform is currently being considered by the Annex I
Parties of the UN Framework Convention on Climate Change as a possible common
action to implement the convention. The Earth Council has also initiated a study of the
environmental impacts of subsidies. The European Commission recently launched a
Green Paper entitled “Towards Fair and Efficient Pricing in Transport”. Preliminary
results from this project have fed into all of these ongoing initiatives.

This book does not provide any easy formulae that policymakers can follow. It
tdentifies more questions than it answers. Supports to energy and transport form part of
a complex web of policies woven for social, political, economic and sometimes
environmental reasons. While the project case studies have identified situations where
reforming supports would have large environmental and economic benefits, they have
also identified situations where the environment would suffer. National policymakers
will need to make decisions based on their own national situations.

Following the ending of the mandate of the OECD Group on Energy and the
Environment, the finalisation of this project has been overseen by the OECD Environment
Directorate’s Pollution Prevention and Control Group, which approved it for publication.
It is published on the responsibility of the Secretary-General of the OECD.
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Executive Summar

ubsidy reform has been one of the major politi-

cal themes of the 1980s and 1990s. Several

Member countries of the Organisation for
Economic Co-operation and Development (OECD),
from all OECD regions, have taken drastic steps to
reassess and reduce subsidies to agriculture, energy,
industry and transport. In central and Eastern Europe
and the Commonwealth of Independent States (CIS),
economic reform has involved an even more compre-
hensive change in the level and type of subsidies.
Nevertheless, large subsidies remain in OECD and
non-OECD countries alike. Many of these subsidies
encourage environmentally damaging activities.

This report completes a multiyear research pro-
ject on “Environmental Implications of Energy and
Transport Subsidies”. The project involved carrying
out a series of case studies aimed at evaluating the
potential for reducing environmental damage, while
also achieving economic objectives. This body of
analysis formed part of the background to the work of
the Annex I' Expert Group on the UN Framework
Convention on Climate Change (FCCC), for which
the OECD and International Energy Agency (IEA)
have carried out a series of studies on policies and
measures for common action under the convention,
Particular attention is given in this report to the role of
subsidy reform in climate policy.

Governments have many reasons to reform subsi-
dies. Chief among these are three economic justifica-

tions: a) the original policy objective of a subsidy is no
longer a priority or the cost of the subsidy is no longer
justified or affordable; b) the subsidy is poorly
designed, supporting a policy objective through indi-
rect andfor inefficient means; c) the subsidy causes
distortions in patterns of trade, leading to objections
from other countries and competing industries.

This report evaluates the extent to which these
three justifications may be linked to the aim of reduc-
ing the environmental damage caused by energy and
transport activities. It examines the social and politi-
cal priorities and constraints which keep current sub-
sidies in place, and which must be taken into account
in any reform process. Finally, it suggests and evalu-
ates ways in which energy and transport subsidy
reform might be pursued in the OECD context.

What is a subsidy?

The first question to be asked in the OECD pro-
ject was “what is a subsidy?” The simplest and most
common meaning of the word “subsidy” is a direct
government payment to support the production, sale
or purchase of a good or service. However, this leaves
out many types of government intervention with simi-
lar effects to those of direct payments. For example,
government price controls can act as subsidies either
to producers or to consumers, by causing transfers of
money between market actors.

i. Annex | of the FCCC lists the OECD Member countries with the exception of Mexico and the Republic of Korea, the
countries of central and Eastern Europe and three CIS countries (Belarus, Russia, Ukraine).




Several studies have estimated subsidies to
energy consumers in a given country based on the dif-
ference between energy prices paid in that country
and a set of “reference” prices, which are the estimat-
ed unsubsidised price levels. The reference price is
often taken to be the border price of the energy form —
either the cost of imports or the value of exports,
depending whether the energy form is mostly import-
ed or exported. This approach allows subsidies to be
estimated based on readily available price data, but it
is hard to link the subsidy estimates to specific gov-
ernment policies. Subsidy estimates depend heavily
on the choice of reference price. The results can be
misleading if care is not taken to identify the factors
that influence prices and how those factors influence
energy supply and demand. Price increments or
decrements may be caused by taxes and subsidies,
trade barriers, price regulations and other measures,
including protection from risk and rate of return con-
trols. Different types of policy can have very different
effects on fuel consumption and its environmental
impact. These effects are not always brought about
through the price mechanism,

Broader concepts of “subsidy” have been accept-
ed in the OECD context, for example in the case of
the OECD Agriculture Directorate’s “producer sub-
sidy equivalent” (PSE), which measures both direct
government payments to producers that support cur-
rent production, and policies that support the price
received by producers for their production. “Tax
expenditures” — tax exemptions or reductions for par-
ticular activities — may also be considered equivalent
to subsidies and are included in the PSE definition.

In the current study, the OECD has deliberately
avoided choosing a single definition of “subsidy”, but
instead has explored the practicality of a range of def-
initions, and their relevance to the project’s main aim.
As stated above, this is to evaluate the potential for
reducing environmental damage, while also achieving
economic objectives.

Effects of subsidy reform on the environment

Preliminary findings from economic modelling
studies by the World Bank, the OECD and others
indicated that subsidies to energy production and con-
sumption amounted worldwide to hundreds of billions
of U.S. dollars, and that their removal would result in
substantial reductions in CO, emissions and stimulate
economic growth. It was predicted that the greatest
economic benefits would accrue to the countries with
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the largest subsidies — notably the former Soviet
Union. The OECD praject undertook an in-depth
evaluation of the promise of these findings, in particu-
lar by including a case study on the effects of reform-

ing energy subsidies in Russia.

The OECD case studies support the findings of
the earlier studies to some extent. However, they
show that it is not possible to generalise about the
environmental effects of removing energy and trans-
port subsidies and supports. Countries will need to
carry out their own detailed analyses to determine
possible outcomes of removing the particular supports
in place, given their national economic situation,
market structures, factor prices and resource endow-
ment. The economic or environmental effects of
removing a subsidy may be positive or negative,
depending on how a “subsidy” is defined, how subsi-
dies are removed, the extent to which their removal is
linked to other reforms and the way any additional
government revenue or reduced government spending
is recycled elsewhere in the economy.

Bearing in mind the above caveats, the energy
and transport case studies have identified substantial
potential benefits from subsidy reform. Adding up the
subsidies and subsidy-equivalent market distortions
identified in the studies gives a total of around $100
billion (about 0.75% of OECD-wide GDP). The total
greenhouse gas (GHG) mitigation opportunities identi-
fied in the case studies would total some 400-500 mil-
lion tonnes of CO; in 2010 — about half of it in Russia.

Individual energy and electricity sector case stud-
ies found that removing subsidies reduced sector CO;
emissions in 2010 by amounts ranging from 1% to 8%
depending on the country and the particular scenario
examined. Emissions of SO, and NO, together could
be reduced relative to with-subsidies levels by around
2 million tonnes per year in 2000 in the country stud-
ies. In some cases, the percentage reduction is very
large. Coal consumption could be reduced by around
8%-15% or 100-200 million tonnes per year, decreas-
ing the local environmental effects of coal mining.
These effects include damage to ecosystems and dis-
ruption of human communities, emissions of heavy
metals and chlorine, pollution of soil and groundwater,
and release of radioactive materials and particulates.

The transport sector case studies found that full
cost pricing and externality internalisation could
reduce sector CO, emissions by amounts of the order
of 10%-15%. Traffic would also be reduced, along
with its broad social and environmental impacts.

—_— .




The environmental benefits of reforming subsi-
dies are likely to be larger in the longer term, as
removing market distortions leads to changes in
investment in electricity and transport infrastructure,
with increasing effects on patterns of use.

*

Promising areas for subsidy reform

While few generalisations can be made about the
effects of subsidy reform, certain types of subsidy
deserve closer scrutiny, as their removal might help
reduce environmental damage. Concerning electrici-
ty, some of the most important areas are:

removing coal producer grants and price
supports;

— reforming subsidies to electricity supply
industry (ESI) investment or protection from
risk, where these support investment in coal-
fired power stations;

— removing barriers to trade that discourage
the use of energy forms with fewer environ-
menta] effects than indigenous energy forms;

— removing sales tax exemptions for electricity
(and other energy forms);

— eliminating subsidies and cross-subsidies to
consumers in remote areas or to other groups;

— removing electricity subsidies for energy-
intensive industries.

The effects of reform can be very variable for
some types of subsidy, especially measures that reduce
capital costs or encourage investment. Such subsidies
may support a range of capital-intensive generating
technologies, including coal, nuclear power, hydro-
electric power and off-grid renewables. They may also
support energy efficiency investments. Removing this
type of subsidy can lead to increased use of low-capi-
tal fossil fuel options, such as natural gas-fired com-
bined cycle gas turbine. The outcome will depend on
circumstances, and could be positive or negative.

The transport sector case studies examined only
road transport, where some of the most promising areas
for subsidy reform and internalising externalities are:

— introducing institutional changes, where
possible, to create markets in road space,
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strengthen insurance markets and allow
markets to develop in other social and envi-
ronmental “goods”;

— reassessing and possibly reducing govern-
ment outlays for road building and mainte-
nance andfor funding these outlays through
simple user fees such as fuel taxes. Having
such taxes reflect the costs imposed by par-
ticular road users would imply a large
increase in diesel taxes in many countries,
including most of Europe, the CIS and Japan.
Taxes on both gasoline and diesel would
need to be increased in North America and in
some European and CIS countries;

— introducing or increasing charges targeted to
reduce the social and environmental damage
caused by transport. These might include
parking fees, road access charges, taxes on
polluting vehicles, etc. The charges could be
designed explicitly to meet public expendi-
ture and social and environmental costs;

introducing or strengthening regulations to
limit social and environmental costs of trans-
port. This may be the preferred approach
where charges are impractical because of
high administration costs (e.g. for vehicle
emissions), or where attainment of cbjec-
tives is paramount (e.g. excluding traffie
from a shopping street).

Implementation issues

Few of the OECD case studies attempted to
model macroeconomic and equity effects of subsidy
reform. Those that did so found that macroeconomic
effects depend heavily on the way any reduction in
government spending is reflected in taxation.

Subsidy reform does not necessarily mean sub-
sidy removal. In many instances, subsidies may exist
for sound policy reasons, though they may not be the
most efficient way of achieving policy objectives.
Aliernative measures, perhaps even different subsidies,
may achieve the same objectives without environmen-
tal costs, or possibly with environmental benefits.

Thus, supports to coal producers and energy-
intensive industry are often aimed at maintaining
employment in the regions where these industries are
located. Removing these supports can lead to negative




effects on these areas. One way (0 reduce such nega-
tive effects (and the resulting political opposition to
subsidy reform) is to convert subsidies for production
into local incentives for employment. Similarly, resi-
dential consumer subsidies are often aimed at ensuring
access to electricity for low-income households. These
subsidies could be converted to direct grants or subsi-
dies for home insulation and energy-efficient appli-
ances. Rural electrification subsidies are often
provided to national monopoly electricity supphiers
and can result in grid extensions where stand-alone
supplies would have been more cost-effective. These
subsidies could be converted to aid for local initiatives
to establish renewable supplies and co-generation, to
encourage energy efficiency investments or simply to
provide income support for rural and remote residents.

As in the case of energy subsidies, many objec-
tives of transport subsidies — ensuring access to ser-
vices, promoting economic growth, generating
employment — might be met through alternative mea-
sures. For example, improving facilities for, and
access to, non-motorised and public transport may
offer more social and economic benefits in some cir-
cumstances than providing new roads. Net budgetary
subsidies to freight transport might be converted into
reduced company or wage taxation to promote €co-
nomically productive activity.

Many supports are provided at the local or
regional levels rather than at the national level. This
can make it difficult or inappropriate for national gov-
ernments to introduce reforms. Similarly, many social
and environmental externalities are most acutely per-
ceived at the local rather than at the national level,
especially in the transport sector. Nevertheless,
nationa) governments can help local and regional gov-
ernments that wish to reform subsidies and internalise
externalities. National policies might include: reform-
ing constraints that impede local governments from
implementing full cost pricing in transport; support
for networks of local authorities interested in reform;
provision of information, technical support and guide-
lines; provision of financial and other support for
local governments undertaking experiments in full-
cost pricing.

Next steps

Many aspects of subsidy reform could not be
fully examined within the scope of this study. Some
of the most important are: the environmental and eco-
nomic effects of recycling subsidy reductions in the
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economy; the equity and employment effects of sub-
sidy reform; and the significance of the less guantifi-
able environmental effects of subsidy reform, such as
impacts on habitats and biodiversity.

The greatest additional insights are likely to
derive from more careful examination of specific
national situations. Many OECD Member country
governments have begun to evaluate their national
subsidies to energy and transport since this OECD
project was initiated. The results of these evaluations
will be of particular vatue for the international com-
munity. There may also be some scope to increase the
emphasis placed on examining subsidies and their
effects in a number of policy review processes carried
out by the OECD and related organisations.




Part One

Reforming Energy and Transport Subsidies
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Chapter 1

Introduction

1.1 Context

Many of the most visible social and technological
developments of the 20th century are associated with
or dependent upon the widespread availability of
cheap energy and motorised transport. Both have
made huge contributions to our quality of life and
economic development. Modern society depends in
particular on electricity as an energy form, and on the
car and truck as means of passenger and goods trans-
port. Access to these depends on the existence of
widespread, high-density networks, whether of power
transmission lines or of roads. In addition to their
social and economic importance, both roads and elec-
tric power grids have natural monopoly characteris-
tics, and roads can be seen as “public goods”; hence
most governments regulate or own both electricity
and road networks to ensure adequate provision at
low cost. Indigenous energy forms other than electric-
ity have also been subsidised in many countries to
reduce industry’s costs and hence promote its compet-
itiveness, and to ensure that low-income households
can meet their basic energy needs. During the late
1970s and early 1980s, governments subsidised
indigenous energy forms and erected barriers to
energy imports to establish national energy security
following the oil price rises of 1973/74 and 1979/80.

Governments support energy and transport provi-
sion and use through a host of measures. These include
budgetary measures such as direct grants, infrastruc-
ture provision, provision of low-cost capital, tax
exemptions and allowances, import tarifts and export
credits; and controls on the market such as price regu-
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lation, profit regulation, monopoly protection or prohi-
bition, compulsion to supply or to purchase from par-
ticular suppliers, and import and export quotas. While
many of these measures do not fit the common con-
ception of a “subsidy”, all can have the same effects as
a subsidy for the producers and consumers concerned.

1.2 Reasons for subsidy reform

In most OECD countries, access to road and elec-
tricity infrastructure is now near-universal, so there is
no longer an urgent need for infrastructure develop-
ment to provide basic needs. Meanwhile, develop-
ments in information technology are reducing the
transaction costs and technical difficulties involved in
charging for their use of infrastructure. Tn this context,
many governments, with the encouragement of the
QECD, the European Commission, the World Bank
and other such institutions, are endeavouring to reduce
their role in these sectors and to reduce or eliminate
supports. This policy reform agenda is motivated by
concerns such as balancing the budget, improving eco-
nomic efficiency and promoting fairness - making
sure that people and firms pay a fair price for the
resources, goods and services they consume.

At the same time, growing concern about the
environmental impact of energy production and trans-
port has fuelled debate about governments’ involve-
ment in these sectors. Support to environmentally
damaging activities seems particularly inappropriate
in the context of increasing government expenditure
and regulation to reduce environmental damage.




Most studies find that removing subsidies and tax
expenditures, and recycling the revenues through
reduced taxes on marginal earnings or capital invest-
ment would have a beneficial effect for the economy.
However, findings regarding the social and environ-
mental effects are mixed. Removing some subsidies
would have a large environmental benefit, while
removing others might lead to increased environmen-
tal damage, in the absence of additional environmen-
tal regulations or charges.

Interest in removing subsidies stems from many
areas of government policy. Removing energy subsi-
dies could further policy objectives such as: reducing
greenhouse gas emissions and other environmental
effects of energy use, increasing flexibility in the
energy sector, increasing economic growth, improv-
ing the targeting of employment and other social/eco-
nomic policies, improving the conditions for and

benefits of international trade and reducing govern-
ment spending or increasing revenue. Removing
transport subsidies could help achieve such objectives
as reducing greenhouse gas emissions and other envi-
ronmental and social effects of road transport, bring-
ing about a more efficient allocation of roads and
urban space and reducing government spending or
increasing revenue.

1.3 The QOECD project

It is unlikely that environmental concerns will
have much influénce in the short term on the trend
towards subsidy reform, which is already underway in
many OECD Member countries for £CoNnOMIC reasons.
However, depending on the implications of subsidies
for the environment, environment policy-makers
might wish to add their voices to those arguing for

. DIRECT PAYMENTS THAT SUPPORT
CURRENT PRODUCTION

» Deficiency payments (grants to cover logses) and
operating subsidies to producers

¢ Consumer subsidies provided via retailers
» Price premiums

l. TAX POLICIES

o Preferential treatment under the general tax code
« Exemption from excise tax '

+ Tax credits

e Preferential treatment in local rates and franchise fees

Hi. POLICIES THAT REDUCE THE COSTS OF INPUTS
AND COMPLEMENTS

= Budgetary subsidies to inputs and complements
« Price controls for inputs and complements
« Land expropriation for roads, plant sites

Box 1.1: Policies that can be interpreted as “supports” or “subsidies”

fnvestment subsidies

s Equity participation

s Loans at preferential rates
s Loan guarantees

+ Habitual debt forgiveness
* |nfrastructure financing

+ R & D funding

« Liability guarantees (sometimes combined with
rate-of-retum controls}

IV. POLICIES THAT CREATE TRANSFERS THROUGH
MARKET PRICES

Trade policies

« Import and export taxes and subsidies

« Non-tariff trade barriers, e.g. import and export
quotas; procurement preference

Domestic energy and related policies

¢ Procurement preference

« Managed non-commercial contracts
* Energy pianning *

+ Price regulation {ceilings, floors, rate-basing}

« Protection for monopolies
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reform, or perhaps to re-examine environment policy
in the light of ongoing subsidy reform processes.

In 1992, the OECD initiated a project on
“Environmental Implications of Supports to the
Energy Sector”, aiming toJdentify “win-win” opportu-
nities where removing subsidies would lead to both
environmental and economic benefits. The project also
aimed to develop insight into the advantages and dis-
advantages of different rhethods for assessing the
environmental, economic and other effects of energy
subsidies. A steering group consisting of experts from
most OECD Member countries on the energy sector
and economic modelling was convened, and included
analysts who had already carried out studies of subsi-
dies and the effects of their reform. The project steer-
ing group decided to proceed by first commissioning a
scoping study, and then carrying out a series of case
studies examining subsidy reforms in specific sectors
of individual countries. As some of these case studies
addressed transport subsidies, the title of the project
was broadened in 1995 to “Environmental
Implications of Energy and Transport Subsidies”.

This publication, the final report of the project,
aims to provide information to environment policy-
makers and policy analysts on the potential for
removing or reforming subsidies, the possible envi-
ronmental and economic costs and benefits of doing
so, some possible approaches to assessing and carry-
ing out policy reforms, and areas where further
research and analysis are needed to develop a better
understanding of these issues.

1.4 Defining and measuring subsidies

The OECD project started with a “scoping study”
(PHB, 1993), which raised an issue that has resur-
faced repeatedly throughout the project and in other
forums: what is a subsidy? In practice, the answer
depends on the reason for asking the question:

I. If a government wishes to remaove subsidies
because they are a drain on the budget, it
makes sense to look at grants, tax exemptions,
and various forms of investment support.

2. If the motivation for removing subsidies is
related to removing distortions in the econo-
my that might deter the efficient use of
resources, or that might act as barriers to
trade or market eatry, it might be more
useful to look at the overall effects of poli-
cies on energy or transport prices. Several
studies {e.g. 'Larsen and Shah, 1992;
Burniaux et al., 1992; Gurvich et af., 1996)
use a definition of “subsidy” based on the
prices of goods and services, where the exis-
tence and size of a subsidy are indicated by
the divergence between actual prices and the
“reference” prices that would obtain in an
undistorted market!.

These two views lead to a fairly long list of the
kinds of government intervention that might be
classed as subsidies or supports to energy production
and consumption. A list is provided in Box 1.1. The
most obvious subsidies of the first type above (bud-
getary subsidies) can be seen to fall in the first three
categories in Box 1.1 although import tariffs and
export subsidhes (in the fourth category) also have
budgetary implications. All of the policies in the Box
can be considered to fall under the second type
{market distortions).

Although this list includes most of the types of
policy that could reasonably be thought to have a
“subsidising” effect, the OECD project failed to find a
list that would satisfy all members of the project
steering group. Some of the group debated whether all
of these policies should be included in a list of
subsidies; furthermore, a few policies sometimes
described as subsidies are left out. In particular, the list
excludes some types of government expenditure that
are not linked to levels of production or consumption,
such as one-off debt forgiveness and payments for
redundancy and retraining when industries are being
resiructured. Some members of the OECD project
steering group also argued that governments’ failure to
internalise environmental and social externatities
should be considered as a form of subsidy: activities
that cause external costs are supported by the failure to
internalise those costs, The various policies are
censidered in a little more detail below,

1. The greatest difficulty in this case is in deciding what is meant by an “undistorted” market. For commonly traded goods
such as oil, world market prices are often taken as the “undistorted” level. For goods that are traded less, such as electricity,
“undistorted” prices are often based on those in a country thought to have relatively intervention-free markets. However, such ref-
erence prices are sometimes distorted. Furthermore, it is very hard to distinguish between deviations from “undistorted” prices
that arise from government policies, and deviations that arise from other local circumstances.




1.4.1 Direct payments to producers or consumers

Direct payments from government to producers
or consumers are the most obvious form of subsidy
and are easy to measure. Payments 10 producers tend
to reduce market prices, while payments to COnsumers
tend to increase them. Subsidies to inputs and com-
plements are often harder to identify on 4 comprehen-
sive basis. Subsidies to inputs have the same effect as
payments to producers, while subsidies to comple-
ments have the same effect as subsidies to consumers.

In the energy sector, subsidies have often been
provided by OECD governments for public sector
industries, including electric and gas wtilities and coal
producers. In the transport sector, roads are usually
built using public funds, and many services related to
roads (policing, maintenance, cleaning) are provided
by local or national governments.

Cash subsidies to producers will reduce product
prices, whereas subsidies to consumers tend to
increase product prices. The volume of the subsidised
good produced and consumed tends to increase in
either case. However, where subsidies are provided to
producers or consumers in a market that is very open
to trade, prices may not be visibly affected. In that
case, the main effect is to change the quantities pro-
duced by the subsidised producers, or consumed by
the subsidised consumers.

In identifying existing subsidies, some of the case
studies have attempted to distinguish between regular,
ongoing payments linked to current production and
consumption, and one-off payments associated with
past production and consumption. Thus, they have
included ongoing annual payments to coal producers
to cover operating losses, but excluded payments
made in settlement of disability claims by ex-miners.
This distinction is somewhat ambiguous, because in
some circumstances, the ex-miners worked for com-
panies which still exist, and whichk would normally
have been liable for health damages. In this case, pay-
ment of damages would have raised those companies
overall costs and would have been reflected in the
price of current production.

1.4.2  Tax expenditures

One of the largest sources of support provided by
governments to both producers and consumers takes the
form of “tax expenditures” — exemptions, rebates or
reductions in the tax rate for particular individuals or
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firms, or for producers or consumers of particular
goods. Tax expenditures are much harder to define and
identily than cash subsidies. Their defiition depends
on determining a reference tax rate, which is not neces-
sarily the “normal” tax rate. For example, many coun-
tries have a “normal” rate of sales tax, but tax electricity
consumption at a lower rate. Yet, that lower rate may be
a standard rate for a certain type of goods —e.g. residen-
tial fuels or other “essential needs”. It is not obvious
whether the reference tax rate should be the higher rate,
the lower rate, or somewhere between the two.

Tax expenditures can have an environmental
impact where the tax rate varies between fuels, differ-
ent types of energy-using equipment or different types
of transport. Similarly, if energy-efficient equipment
or insulation materials are taxed at a higher rate than
energy, there is a distortion that will tend to reduce
investment in energy conservation and increase
energy consumption. Thus, the most important ques-
tions relate to the relative taxation of substitute goods.

Within the case studies, differential rates of taxa-
tion have been considered most systematically for the
transport sector. In the transport case studies, the
normal rate of sales tax is taken as the reference tax
rate for vehicles and fuels. Actual tax rates in this
sector are generally higher than the normal rate; the
difference is treated in the studies as payment to
redress government spending on transport infrastruc-
ture and services. Differential rates of taxation are
also important in some of the energy and electricity
sector case studies, which consider a wide range of
policies including tax exemptions for utility bonds
and accelerated capital depreciation for tax purposes,
as well as reduced tax for residential consumers.

1.4.3  Policies that create transfers
through market prices

Several studies (e.g. Larsen, 1993; Bumiaux et
al., 1992) use reported domestic prices as the main
indicator of the existence and size of subsidies. Where
energy price levels in a country are below world
market levels, or below the levéls commonly found in
other countries, this is taken to-indicate the presence
of a subsidy. This form of “subsidy” is particularly
common in energy markets in developing countries
and countries with economies in transition, and has
been common in the past in OECD countries where
prices were controlled by governments in one way or
another, usually for social or political purposes. Price
controls such as these act as consumer subsidies, but




unless some recompenge is provided to producers,
they act as producer taxes.

In OECD countries, it is perhaps more commoen
now for prices to be supported, rather than sup-
pressed. Governments usg a variety of mechanisms to
protect the markets of domestic producers, by setting
up barriers to trade and competition, or by purchasing
their excess produce. These measures have been best
documented in the agriculture sector, but are also
used to protect coal producers, electric and gas utili-
ties, car manufacturers, freight hauliers and airlines.

Non-budgetary supports of this type may apply to
markets for consumer goods, or markets for the inputs
that produce those goods.

Price controls can also result in cross-subsidies
among consumers. Electricity prices are usually set
with some involvement from the government or a
regulatory body, rather than being freely determined
by the market. Prices will usually be set at a level
that recovers long-run marginal production costs
{less any subsidy). However, even where the electric
utility and the regulator aim to set prices to different
groups of users at levels that reflect long-run
marginal costs for those groups, they are unlikely to
be able to do so as efficiently as a competitive
market. This is likely to lead to cross-subsidies
among consumers in different regions, among differ-
ent types of consumer (industrial, commercial, resi-
dential) and among consumers using electricity at
different times of day. Cross-subsidies could lead to
higher or lower consumption of electricity, depend-
ing on the price elasticities of demand by the differ-
ent user groups concerned.

Cross subsidies are also very important in the
road transport sector, where the main instruments
for recovering the costs of road provision are vehi-
cle purchase and ownership taxes, and fuel taxes.
While these taxes may be differentiated to some
extent among different types of vehicle and fuel,
they are very poorly correlated with the actual costs
of road provision.

Where prices are regulated, it is also possible
for cross-subsidies to arise among producers. While
this is not demonstrated in the OECD project, it has
been taken into consideration, in particular in the
case study on the Italian electricity sector.

1.4.4  Failure to infernalise externalities

Just as activities can be supported through distor-
tions in market prices, they can also be supported by
market failures. Several members of the OECD pro-
ject’s Expert Steering Group thought that governments’
failure to internalise externalities should be considered a
kind of subsidy. While there is no consensus on this
point the transport case studies and the U.K. electricity
sector case study provide estimates of externalities and
consider the possible effects of their internalisation.

1.5 Measuring subsidies

It may be relatively straightforward to observe
prices and direct cash subsidies. However, as the pre~
vious section indicated, supports can take many forms
and their effects on prices and the quantities of goods
produced and consumed may not be obvious. Larsen
and Shah (1992) and Burniaux ef al. (1992) use the
difference between domestic and border prices as the
metric for subsidies, but this can be a very poor indi-
cator of the level of government support for polluting
activities. In particular, it measures price supports for
coal and other commodities as negative subsidies or
raxes, whereas in fact they tend to increase domestic
production and may favour those commodities over
cleaner substitutes.

The OECD has developed considerable experi-
ence in identifying and measuring supports, most
notably through the work of the OECD Agriculture
Directorate, which produces annual estimates of the
fevel of support for agricultural production and con-
sumption in OECD countries. The metrics employed
— the “producer subsidy equivalent” (PSE; see Box
1.2) and “consumer subsidy equivalent” (CSE) -
aim to measure the effects of several of the policies
listed above to the extent that they support current
production or consumption. The main motivation for
measuring agricultural subsidies has been concern
about trade distortions. The International Energy
Agency (IEA) annually estimates the PSE associated
with coal in eight Member countries® (see, for
instance, IEA, 19954, 1994q).

As predicted by the OECD project scoping
study (PHB, 1994), and demonstrated in the case
studies, looking for policies that have a negative
impact on the environment implies a rather different

2. 'Belgium, Canada, France, Germany, Japan, Spain, Turkey, United Kingdom




Box 1.2: Producer and subsidy equivalents

The PSE concept covers all state aid, direct and indirect, that has an effect on the current costs of,
i and prices paid to, domestic producers. In general, it encompasses direct government payments 1o sup-
port current production, indirect supporis to current production, and any price support, measured as the
difference between the price received by domestic producers and the price paid for imports. It is not
always obvious what policies are acting as price supports. Some policies are guite transparent — e.g.
import tariffs and procurement policies {such as requiring utilities to buy domestic coal). Others are less
obvious, such as rate-of-return controls for utilities that affect their choice of technology and fuel, and
thus can supportt coal production.

At first sight, the way the PSE measures subsidies can be surprising. Normally, subsidies are
thought of as measures that reduce prices. This is true in the case of consumer subsidies, and in fact
the existence of a price support contributesto a negative consumer subsidy equivalent or CSE.

i Because the PSE measures conditions that protect or support domestic producers and consumers,
i it is a useful indicator of market distortions that tend to disrupt trade. To identify which distortions tend
‘ to lead to environmental damage, however, cne must evaluate the effects of the different measures
included in the PSE, and as these can be difficult to identify, the PSE may not be a good indicator of the
existence of policies that increase environmental damage. Payments from governments to producers,
for example, encourage increased domestic production along with any attendant environmental damage.
Similarly, flows from consumers 1o producers as a result of price supports tend to reduce domestic con-
sumption, along with its attendant enviroamentat effects. In the latter case, however, the actual net
effect will depend on whether consumers are free to awitch to cleaner fuel and have an interest in doing
s0. Often, to maintain high producer prices, governmernts impose restraints on consumers — e.g. local
purchase obligations — that negate the effects that higher prices would otherwise have on fuel choice

{see Steenblik and Coroyannakis, 1995; Newbery, 19958).

focus from that of budgetary subsidies or producer
supports: it also involves looking for policies that
support the use of goods and services that tend to be
polluting, or that influence the manner of produc-
tion and use. This may mean that the CSE is often
more relevant than the PSE. Policies that influence
the choice of energy source have more effect on the
environment than those that affect the volume of
energy use. Thus it is important to look at relafive
subsidies and rates of taxation for different energy
forms. Barriers to trade and competition (which are
included in the PSE definition) can support pollut-
ing activities such as coal mining, but they can also
work in the opposite direction: they can support the
development of indigenous renewable energy
sources, and they can also support the development
of nuclear power, which produces fewer greenhouse
gas and acid emissions compared with fossil fuels
but which involves other environmenial conse-
quences and risks.

The case studies in the OECD project used a
range of different indicators to measure the leve! of
support to fuels, electricity or road use, including

price distortions, PSEs, and net budgetary transfers to
consumers or producers. No one of these indicators
appears to be good at predicting the environmental
impacts of government policies. There seems to be no
obvious substitute for carrying out a careful evalua-
tion of the full range of policies and market condi-
tions that influence competition among producers and
the volume of demand by consumers.

1.6 Approach and methodology for this report

Part One of this report is based mainly on the set
of country case studies produced in the OECD pro-
ject. The case studies, summarised in Part Two, use a
range of energy market, energy system and macroeco-
nomic models to evaluate the effects of removing var-
ious types of government intervention that can be
classed as subsidies. The study also compares other
relevant literature with the case study evidence.

Following the scoping study used to develop the
methodology for the project, case studies were carried
out to analyse environmental and economic effects of:
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ferent sectors. However, the mix was partly R&D costs of the ESI and its suppliers; tax
Table 1.1: Summary of case studies
Studies Countries Principal Author Type of Supports Covered Methodology for Assessment
Coal France, Germany, DRI, Paris office Operating subsidies and Country energy market
Japan, Spain, Turkey, “price supports” (prices in -economic models, world coal
United Kingdom excess of world market prices) market economic model
Electricity  Australia Barry Naughten, Capital and operating subsidies, Bottom-up electricity
Italy ABARE price controls (including cross generation or energy system
Norway GianCarlo Tosato, subsidies), market barriers, R&D analysis; assesstent of
United Kingdom ENEA existing market reform
Eli Jensen, NOE
Laurie Michaelis,
OECD
Whole United States M. Shelby, US EPA Budgetary subsidies General equilibrium and
Energy Russia E. Gurvich, A. Golub  and price controls combined engineering/ .
Sector [EF, IMEP, Moscow economic models for the '
USA, input-output model
for Russia
1 Road France J-P Orfeuil, INRETS  Net budgetary subsidies to Transport and transport
g Transport  Japan H. Morisugi different user groups, failure energy demand models,
b United States Susan Haltmaier, to internalise full social costs general equilibriun model
DRI for the USA

- phasing out price supports and budgetary
subsidies to current coal production in sever-
al countries;

- removing a wide range of direct and indirect
supports affecting the electricity sectors of
Auwstralia, Italy, the UK. and Norway;

- removing a wide range of federal subsidies
to energy production and use in the USA:

— removing direct subsidies and price controls
in energy markets in Russia;

- reducing the social, environmental and bud-
getary costs of road transport in France,
Japan and the United States, and introducing
user fees to reflect remaining costs.

Table 1.1 summarises the subsidies and supports
covered and the methodology used in each case study.

As the Table indicates, the studies used a wide
range of methods. This mix of methodologies may be
seen by some as a weakness: it rules out direct com-
parisons of the results for different countries and dif-

intentional, as one aim of the project is to evaluate
which methodologies might be used for more system-
atic subsidy appraisal. It was also necessary, because
within the budget constraints of the project it has not
been possible to develop and configure the same type
of mode! for each case study; the project has depend-
ed heavily on adapting existing models and analysis.

It should also be emphasised that the intention of
this project is not to rank countries according to the
“goodness” or “badness” of their subsidies, but to
identify promising areas for closer examination by
national governments. The use of several methodolo-
gies, looking at the issue from different angles, pro-
vides some insight into these opportunities.

1.7 Scope of case studies

The case studies examine environmental, eco-
nomic, employment and trade effects of removing
several types of subsidy. The studies on coal, the elec-
tricity sector and the whole energy sector examine:

- Budgetary subsidies, such as: government
grants towards operation, investment or
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exemptions and differential taxation of fuels
and electricity; government financing at
below market prices, government collateral
for loans for energy supply projects, tax
exemptions for bonds issued by utilities or
government controls on rates of return from
energy investments.

—  Cross-subsidies among energy consumers,
mainly resulting from charge structures that do
not fully reflect the costs associated with sup-
plying them certain groups. Most of the exam-
ples of cross-subsidies in OECD countries
relate to electnicity pricing. There are also
instances of cross subsidies among fuel con-
sumers, for example from power sector con-
sumners of coal to other industrial consumers.

- Measures, or packages of measures, that result
in energy suppliers receiving prices that are
higher, or paying input prices that are lower,
than would apply without the measures. The
main category of such measures identified in
the case studies are price supports for energy
forms such as deep-mined coal, and measures
that reduce the cost of capital.

The transport sector studies examine:

— Budgetary subsidies to the road transport
sector, in the form of net excesses in govern-
ment spending over receipts from users.
Government spending is mainly for provi-
sion and maintenance of roads but also for
services such as policing and road cleaning.
Receipts from users include tolls, parking
charges, and special taxes on fuels and vehi-
cles (although these may have originated for
general revenue-raising purposes rather than
to provide road funds). The study excludes
taxes levied at normal rates {e.g. sales or
value-added taxes).

—  Cross-subsidies between road users in the
form of charge structures that do not fully
reflect the costs associated with different
types of road use or transport (urban/rural,
car/truck, diesel/gasoline).

The transport case studies also explore the existence
and valuation of road transport extemnalities and evalu-
ate the effects of reguiations, charges and other mea-
sures to reduce those externalities, or reflect them to
road users through prices for fuels, road use or parking.
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1.8 Structure of the repert

After this introduction, the main body of the
report contains two major parts: Chapter 2 explores
the findings and implications of the case studies on
the effects of energy supports, and Chapter 3 discuss-
es the findings of the case studies on full cost pricing
and reducing road transport externalities. Chapter 4
then briefly sums up conclusions from the study and
identifies some priorities for future work in this area,

The OECD project case studies have been sum-
marised in papers that were presented and discussed
at a conference on “Environmental Implications of
Energy and Transport Subsidies” in Rome, 11-12
September, 1996. These papers are included as the
second part of this volume (Chapters 5-14).




Energy Policy Reform

overnments of OECD Member countries often

suppoit the production of indigenous sources of

energy, including renewable and other non-
fossil sources as well as fossil fuels. Following the oil
“crises” of 1973/74 and 1979/80, support was given in
particular to alternatives to oil and to domestic produc-
tion of oil, as a means of reducing demand for import-
ed oil. The energy sources most favoured by this
support have been coal and nuclear energy. Until the
oil crises, coal production had in fact been shrinking as
households and industry switched to cleaner forms of
energy. Thus, for energy security reasons, and to pro-
tect employment in the coal industry, some govern-
ments attempted to sustain coal production, partly
through direct producer supports and partly by encour-
aging coal consumption. Others, especially those with
limited or expensive coal resources, paid more atten-
tion to developing nuclear power production capacity,

In the late 1980s, governments began to reconsid-
er their priorities. The fall in the price of oil after
1985 meant there was no longer such an incentive to
develop indigenous energy sources, and these
resources were often unable to compete in the market
with energy imports. The establishment of interna-
tional treaties limiting transboundary pollution and
the emergence of climate change as a credible politi-
cal concern led to further questioning of policies that
supported coal production: the acid rain precursor and
greenhouse gas emissions from coal use are higher
than those from most other energy sources. Nuclear
support policies were also brought into question,
partly on economic grounds in the face of rising
nuclear costs and the falling prices of the alternatives,
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and partly as a result of public concern about safety,
accentuated by the accidents at Three Mile Island and
Chernobyl. Nuclear power and coal appear less com-
petitive as the trend towards ESI reform spreads; pri-
vatisation and the ending of government financing
and security result in higher interest rates and risk
exposure, and hence higher required rates of return
for new ESI investment.

Because of this background, the case studies have
paid particular attention to policies that support
indigenous coal production. Policies that support
nuclear power have also been addressed to some
extent in the UK. and U.S. studies,

Table 2.1 summatises a few key findings of the
OECD case studies along with those from some other
major studies on energy subsidy reform. It should be
emphasised that due to the complexity of the analyses
and differences in method, the figures are not directly
comparable but rather give an indication of the range
of findings of different authors looking at subsidy
removal in different countries, under different
assumed circumstances and over different time scales.

There are considerable variations in the findings,
even among studies of subsidies in a given country.
For the conclustons of the current project it is impor-
tant to note these variations. For example, analysis of
this issue has probably been more thorough and sub-
Ject to more peer review in the United States than in
any other country. The two analyses commissioned
for the U.S. energy sector case studies give figures for
total federal energy subsidies that differ by a factor of




Table 2.1: Summary of results from OECD and other studies on energy subsidy removal

STUDY Subsidy or Group of Monetary Decrease in Annual CO, Other Economic Effects
Subsidies Removed Equivalent of Emissions Relative to
Distortion Reference Scenarios Resulting
from Reforms by 2010
($ mallion, Million tonnes CO % in
various years, Sector
1988-05) Concerned
World Bank  Global price subsidies to 215000 1 366* 9% Enhanced economic growth
(Larsen ,1993) consumers of fossil fuels
(difference between domestic
and world prices)®
GREEN Global price subsidies to 235000 1 800 in 2000 18% . Enhanced economic growth in most
(Burniaux consumers of fossil fuels 15 000 in 2050 regions, largest in CIS. Improved
etal., 1992) (difference between domestic terms of trade for non-OECD countries.
and world prices)®
DRI(1997a) Coal PSEs in Europe and Japan 5 800 10 (DRI estimate) 1% Job loss in coal industry, increased
>50 (OECD estimate) coal trade,
Bihringer Coal in Germany 6700 NQ NQ Nearly 1% GDP increase. Job loss in
(1995) coal industry, increased coal trade.
Cost of using subsidies to maintain
jobs is 94-145 000 DM per job per
year. Reduces cost of meeting
CO,, target.
Australia State procurement/planning 133 0.3 Reduced cost of meeting CO; target.
{Naughten et Barriers to gas and 1400 0.8 NQ Reduced cost of meeting CO; target.
al. 1996} electricity trade
Below-market cost financing NQ NQ NQ
Italy (Tosato  Net budgetary subsidies to EST 4000 12.5 Reduced cost of meeting CO, target.
eral,1996) VAT below market rate 300 0.6 More effective CO;p tax
—Subsidies to capital 1 500 33
—Fxcise tax exemption for 700 59
fossil fuels use by ESI
Total net and cross-subsidies 10 000 19.2 5%
Norway Barriers to trade NQ 8 for Nordic region
(Jensen and
Vetlesen,
1997)
Russia Direct subsidies and price 52 000, 336 16% 1% drop in employment
{Gurvich controls for fossil fuels of which {about half due to (but note that model included
etal., 1996)  Price control/debt forgiveness 42 000 for shift from coal to no subsidy recycling mechanism).
for electricity consumets heat & power  other fuels, half
to reduced final
energy demand)
U.K. Grants and price supports for 2500 0to 40 0-8%
{Michaelis, coal and nuclear producers
1997} Below-market required rate
of return for ESL
VAT on electricity below 1200 0.2
general rate
USA DFI (1993) analysis of 8 500° 40 0.7%
(Shelby et federal subsidies
al., 1996) DIA {1994) analysis of )
federal subsidies 15 400° 235 4% Increase of 0.2% in GNP if revenue

used to reduce capital taxes.

o
Notes: Subsidies are defined in various non-comparable ways: none of the figures in this table can be taken as a reliable indication of totat
energy subsidies in the country or region concerned.

a) Model used is comparatively static: emissien reduction is calculated using mostly 1991 market data,

b) This measure of “subsidies” is a crude one, and does not necessarily indicate the existence of any particular government policy.
¢) The two studies analyse different sets of energy supports and use slightly different estimates for some of them.
NQ = not quantified
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two, The estimated effects of removing these subsi-
dies differ by a factor of six. In all countries, attempts
to reform subsidies are likely to come up against dis-
agreement among stakeholders regarding the size and
effects of subsidies. Such disagreement may reflect
legitimate differences of opinion that can be elucidat-
ed but not necessarily resolved by analysis.

Uncertainty in the current assessment starts with
estimating the size of supports. Direct grants are usu-
ally clearly identifiable and measurable, although dis-
putes arise over whether grants are ongoing or
one-off. Tax expenditures are harder to identify, and
their measurement depends on deciding on a refer-
ence level of taxation; meanwhile, some analysts may
disagree on the philosophical basis for considering
them to be subsidies or supports. Other forms of sup-
port are still harder to quantify, Measuring the size of
the support associated with coal or electricity price
controls, for example, depends on determining a ref-
erence “free market” price with which the controlled
price can be compared. Estimating a reference price
may depend in turn on estimating transport and han-
dling costs, transaction costs, the responses to the risk
and uncertainty associated with operating in a free
market and the responses (perhaps world-wide) of
suppliers and consumers to changes in price. Similar
uncertainties arise in attempting to estimate the size
of investment support.

The factors that lead to uncertainty in the size of
the supports also lead to uncertainty in the effects of
removing support. These effects depend on the
response of market actors to changes in the pricing
and regulatory environment, as well as upon techno-
logical developments.

The uncertainty in market analysis is such that
experts are unlikely to agree on a “correct” method for
estimating levels of support or the effects of removing
or reforming that support. They might be able to agree
on an acceptable albeit imperfect method, provided
they shared a desire to find solutions to the policy
challenges addressed in this study. However, oppo-
nents of change would usually be able to find flaws in
any one method. An akternative for government analy-
sis is to recognise the uncertainty explicitly, and
always to use a range of indicators or methods.

2.1 Scope of the case studies

The effects of removing supports have been eval-
uated in different ways in the various case studies:
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The case study on coal supports uses the
DRI world coal trade model along with
national energy market models to investigate
the effects of removing supports to coal pro-
ducers falling within the PSE definition. DRI
modelled the effects of putting coal prices at
world market levels and eliminating grants
to coal producers.

The Australian study uses MENSA, an
Australian development of the MARKAL
energy sector optimisation model, to esti-
mate the effects on energy sector costs and
CO; emissions of reforming a few specific
supports to coal use, ESI investment and
electricity consumption.

The Italian study estimates electricity sector
supports and cross-subsidies in considerable
detail, then uses MARKAL in a similar way to
the Australian study to estimate the effects of
reforming these supports and cross-subsidies.

The Norwegian case study explores the expe-
rience of electricity market reform, including
the creation of competitive electricity pool
systems, since the 1991 Energy Act.

The Russian study estimates the divergence
between domestic energy prices and estimat-
ed unsubsidised prices for the residential and
industrial sector in 1990 (before market
reforms had progressed far) and in 1994
(close to the current situation). The study
uses an input-output model to estimate the
effects of a move to unsubsidised prices for
fuels and electricity on industrial activity and
technology, and hence on the environment.

The UK. case study draws on the experience
of ESI and energy market reform to identify
supports, most of which have been removed,
and to estimate what might have occurred
had they not been removed. It uses a bottom-
up spreadsheet model to evaluate the effects
of supports on power plant construction and
deployment, and estimates changes in elec-
tricity demand using econometrically
derived price elasticities.

The U.5. studies draw on literature estimat-
ing the size of a variety of federal subsidies
to fossil fuel producers, electricity utilities
and enecrgy consumers, basing the results on




studies using GEMINI, an energy sector
model combining engineering, bottom-up
and economic, top-down features, and the
Jorgenson-Wilcoxen-Slesnick (}-W-S) gen-
eral equilibrium model.

While the case studies evaluate the effects of
removing a wide range of energy production supports,
most of the environmental benefits identified result
from reductions in coal use. These reductions derive
from either a reduced share of coal in the fuel mix for
power generation or a reduction in the amount of
power consumed. The present report therefore high-
lights subsidy reform focused on these two types of
change: reform of support for coal use in power genera-
tion, and reform of support for electricity consumption.

22 Identifying supports to coal production
and consumption

Coal supports have become one of the most
important classes of policy for reform as greenhouse
gas mitigation is incorporated into the broader set of
policy objectives in the energy sector. Such supports
include budgetary subsidies to ceal production and
use, constraints on the ESI to buy domestic coal,
import tariffs and quotas, and other forms of market
protection which allow domestic prices to stay above
the cost of imported and other alternative sources of
energy. Investment subsidies and regulation in the
ESI, implying real rates of return on capital below the
market rate, can also act as supports to coal use, as
can differential environmental constraints on different
fuels (e.g. when countries apply weaker emission

standards to coal than to other fuels for large combus-
tion plants). While it is debatable which of these
should be described as “subsidies”, any policy reform
process with both environmental and economic objec-
tives needs to consider the full range of such mea-
sures, as removing only one type of support may have
economic benefits but no effect on coal use and its
environmental impact.

2.2.1 Coal producer subsidy equivalents

Table 2.2 shows estimates of the effective support
to current coal production in several countries, in the
form of PSEs. Coal PSEs have been calculated annually
by the IEA for many countries since 1988 (IEA, 1988).

DRI (19974) used revised versions of the IEA’s
coal PSE estimates to model the effects of removing
PSE-type supports. Table 2.2 indicates the share of
the PSE that is made up of budgetary support, and
that made up of price support. While the PSE for the
United States is given here as zero, some studies (e.g.
ElA, 1992) identify significant federal subsidies to
coal production in the United States. These subsidies
include the “percentage depletion allowance” (a tax
incentive for fossil fuel extraction) and federal contri-
butions to a compensation fund for occupational ill-
ness due to past mining.

While the effective coal producer support is
clearly substantial in several of the countries in Table
2.7, the effect of removing it depends very much on
the form the support takes, and also on the alternative
energy sources available to current coal consumers.

Table 2.2: PSEs for coal production in OECD countries, 1993

PSE per Tonne Total PSE  Budgetary Support  Price Support  Subsidised Production

($/tce) ($M) (%) (%) {Mtce)
France 43 428 100 0 10.0
Germany 109 6 688 40 60 61.5
Japan 161 1034 12 88 . 6.4
Spain 84 856 37 63 10.2
Turkey 143 416 100 0 29
United Kingdom 15 873 2 98 - 574
United States 0 0 0 0 0

Note: tce = tonne of coal equivalent; Mtce = million tce (1 tce = 29,308 GI)

Source: (DRI, 1997a; IEA, 19944a)
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In general, removing support is likely to result in
reduced production of coal from the sources that
have been subsidised. Where the subsidy is entirely
in the form of budgetary support to producers, con-
sumers may face higher prices for coal. In some
instances they may be led to switch to other fuels that
can be used at lower cost. Where the subsidy
includes an element of price support, such as requir-
ing power generators to buy domestically produced
fue] at higher than market prices, its removal might
result in lower electricity prices to consumers, and an
increase in electricity demand, which may be met by
importing coal or electricity, or by switching to alter-
native, cheaper energy sources.

2.2.2  Capital supports

and risk protection for ESI

Policies that result in real rates of return on capi-
tal below the market rate are discussed further below
in the context of subsidies to electricity consumers.
They include public financing at interest rates below
the market rate, habitual debt forgiveness, tax exemp-
tions on bonds issued by utilities, and protected
menopoly status (allowing utilities to determine their
prices on a historical cost basis rather than through
competition in the market). Such policies may be
aimed at ensuring secure and perhaps low-cost elec-
tricity supplies, but can also lead to over-investment
and can bias ESI investiments towards the use of coal.
They influence the coal PSE where they increase
demand for coal at higher than world market prices.
In considering the effects of policy reform, it is
important to understand how much this type of sup-
port contributes to high domestic coal prices; remov-
ing investment support may reduce the potential
market for both imported and domestic coal; remov-
ing other types of price support, such as import barri-
ers, might increase the market for coal.

The DRI coal case study did not consider the
effects of removing capital supports on fuel choice,
but the case studies for Italy, the United Kingdom and
the United States do estimate the size and effect of
some investment supports. In the last two cases, the
case studies find that this type of support has a sub-
stantial influence on the environmental impact of the
electricity sector.

The U.K. electricity case study notes that the
required annual rate of return on public sector invest-
ments in the United Kingdom is 8%. This is roughly
in line with real market interest rates, but far lower
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than the rates of return typically demanded on equity
by private sector investors. A private sector ESI
might need to achieve a real annual rate of return on
new imvestments in excess of 11% and sometimes
higher than 20%, depending on the perceived level of
risk and the ratio of debt to equity used for financing.,
The lower required rate of return makes a public
sector ESI more likely than a private sector industry
to invest in coal-fired capacity rather than gas, which
has higher fuel costs than coal per kilowatt-hour gen-
erated but lower capital costs per kilowatt of instatled
capacity. The size of this incentive to choose coal is
comparable with that of the support measured by the
coal PSE. Financing arrangements for the electricity
sector in many countries result in similar, or larger,
incentives to opt for technology with high capital
costs. Such arrangements have often been justified on
the grounds that high capital expenditure is needed to
achieve physical economies of scale and to enable the
use of indigenous, cheap or reliable energy sources,
improving energy security. This implies that govern-
ments need to address failures in the markets for cap-
ital and risk. However, it is no longer apparent that
economies of scale apply in power generation, as was
assumed in the 1960s and 1970s. Meanwhile, con-
cern about long-term energy security (and the envi-
ronmental sustainability of energy use) could be
more efficiently met through measures to internalise
or reduce externalities, such as fiscal and regulatory
disincentives against using unsustainable energy
sources and against pollution.

223 Uneven environmental regulation

Coal use may be supported by environmental
policies. According to economic theory, the most effi-
cient means of reducing the environmental impacts of
energy use would be through application of environ-
menta] taxes reflecting the marginal exiernal cost
associated with those impacts. Such taxes would vary
according to the fuel used, the combustion technolo-
gy, the location of the combustion plant and the time
of operation. In practice, most governments control
the environmental impacts of fuel use through emis-
sion standards and through industrial plant licensing.
The extent of any support for the use of specific fuels
or technologies can be considered by comparing the
effects of the standards on fuel and technology choice
with those of environmental taxes.

Countries with emission standards for large com-
bustion plants often apply weaker standards to coal
than to other fuels, following the “best available tech-




nology” (BAT) or “best available technology not
entailing excessive cost” (BATNEEC) principles. In
some cases, tighter standards or environmental taxes
might have led to fuel switching from coal to gas or
non-fossil sources.

Environmental constraints may also differ among
plants burning the same fuel, particularly in the case of
“grandfathering”, where environmental standards are
applied only to plants built after the standards come
into force. While grandfathering may make sense in
the short term in a BATNEEC framework, allowing
plants built to earlier standards to be used for peak
supply without retrofitting expensive emission con-
trols, environmental problems may arise in the longer
term as markets and technology change. In the USA,
the current move towards liberalisation of electricity
markets may lead to an increasing load factor for
grandfathered plants in areas where coal is cheap (Lee
and Darani, 1995). More generally, grandfathering can
act as a barrier to entry for cleaner but more expensive
technology, and thus can impede competition.

2.3 Effects of removing coal support

The effects of removing coal supports depend on
many factors, such as the type of supports, the availabil-
ity of alternative energy sources (including imported
coal), the markets in which the coal is used, consumers’
responsiveness to price and their ability to switch fuels.
Some of these may vary considerably within countries.

2.3.1 Fuel switching

Removing support for domestic and local coal
producers may léad to imports of cheaper coal, or
switching to other fuels if these are cheaper. While in
the past coal was the cheapest fuel for power genera-
tion in many regions, it is now much less able to com-
pete with natural gas, which can be used in combined
cycle gas turbine (CCGT) plant. CCGT has many
advantages over coal-fired plant for the ESI: low cap-
ital cost per kilowatt of generating capacity, high ther-
mal conversion efficiency, short construction time

Table 2.3: Environmental impact of coal fuel cycle

Source of Impact

Type of Impact

Ceal Production

Coal Transportation

Coal Combustion

Ash Disposal

Disturbance of Local Habitat
Solid Waste Generation
Groundwater Pollution
Subsidence

Dust

Land Dereliction

Miners’ health Problems
Methane Emissions

Dust
Noise and Visual Intrusion

0, Emissions

CO Emissions

SO, Emissions

NO, Emissions

Particulate Emissions

Ash

Radioactivity Release
.

Land Use

Groundwater Pollution

Dust

Source; DRI, 19974
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and short start-up times; and an ability to be supplied
as “turnkey” plant on a modular basis. It also has
environmental advantages over coal, including less
land use, fewer emissions of regulated (conventional)
pollutants and about half the CO, emissions of coal-
fired plant per unit of e]ectp'city generated (Eyre and
Michaelis, 1992). In parts of Europe, Australia, New
Zealand and North America, where gas is available at
moderate prices (below $5/GJ), the use of coal at
prices above $1/GJ in new generating capacity is
unlikely to continue without some form of support.
Gas may become competitive with coal in more
regions as electricity and gas networks develop and
transmission costs fall. In the long run the extent to
which gas can replace coal in power generation will
depend on many unpredictable factors, not least the
extent to which new gas reserves continue to be
developed, the degree of political stability in coun-
tries that harbour these reserves and the willingness of
these countries to export the gas. Until recently, con-
cern about these factors was used as a strong argu-
ment for excluding gas from baseload power
generation in many countries.

While subsidies to capital can favour investment
in coal-fired plant over gas-fired plant, they can also
favour investment in renewable and other non-fossil
power supplies. Thus, in some countries, removing
capital subsidies might lead to environmental benefits.
In others, it might lead to a shift away from existing
non-fossil energy sources towards fossil fuels, resulting
in higher environmental damage. Non-fossil energy
sources might remain economic only if such policy
reforms were accompanied by other measures, includ-
ing introduction of externality adders in electricity
prices, direct subsidies for renewable or stand-alone
power generation, and obligations for power suppliers
to purchase renewable-generated electricity. This issue
highlights the pitfalls of trying to reach simple conclu-
sions about the “win-win” effects of subsidy removal.

2.3.2 Demand reduction

Removing domestic coal supports may result in
higher or lower demand for coal. Where domestic coal
producers are protected by constraints on the ESI to
buy coal at more than the world price, removing those
constraints may result in the ESI choosing imported
coal or switching to cheaper natural gas. At lower
imported coal prices, domestic coal demand could

rise, while increased imports will tend in turn to raise

coal prices on the world market. The size of this price
increase will depend on the amount of coal imported
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and the supply curve for coal on the world market. The
DRI (1997a) study on the effects of removing
European and Japanese coal subsidies found that the
world coal price might be about 15% higher in 2010
relative to a reference scenario in which subsidies
were maintained. In this case, other regions would
probably see a slowing of increase in coal demand,
with more expansion in the use of other fuels, such as
natural gas, than would otherwise have occurred.

Most of the environmental benefit of removing
coal supports is thus likely to be obtained through
effects on the fuel mix, rather than through reductions in
the final demand for energy. Fuel switching could occur
in the country that removes the supports, or elsewhere.

Where coal use is supported in ways that tend to
reduce consumer prices, for example through capital
subsidies in the ESI, removing these subsidies may
increase consumer prices, On the other band, such
support is often linked to market structures (public
monopoly industries) that tend to lead to inefficien-
cies in the ESI. In such cases, removing capital subsi-
dies and introducing competition could lead to either
higher or lower consumer prices.

2.3.3  Environmental effects

As Table 2.3 shows, coal use has a wide range of
negative environmental effects and removing support
for it might be expected to have many benefits.
Environmental policy may be one of the motivating
factors in reforming coal support, especially as
requirements to install SO, and NO, emission controls
increase the cost of using coal relative to other fuels.

Most of the OECD project case studies evaluate
the various effects of policy reforms on energy
demand, fuel and technology choice. Based on this
informaticn, reductions in CO, emissions can easily
be calculated. Other emissions depend heavily on the
technology used for power generation. Table 2.4
shows differences in emission factors for some major
pollutants, for a range of fuels and technologies.

As Table 2.4 shows, policy changes that lead to
the substitution of coal-fired plant by natural-gas fired
CCGT can reduce CO; emissions by more than 50%
and NO, emissions by a factor of three 1o five, and
can almost eliminate SO, emissions. Particulate
matter and heavy metal emissions are also almost
eliminated, although these are shown here as “not
quantified” for CCGT. Switching from coal to nuclear




Table 2.4: Pollutant emissions for baseload generating technologies

Large Coal Large Coal

Heavy Heavy Fuel Combined Nuclear  Nuclear

with Fuel Qil  Oil with Cycle Gas AGRP PWR®
FGD+LNB? FGD+LNB  Turbine

Efficiency (%) based on fuel hhv 35 34 36 35 50 NQ NQ
Fuel energy content (hhv, MI’kg) 24 24 44 44 35 NQ NQ
Fuel carbon content (gC/MI) 24.1 24.1 19.8 19.8 13.7 NG NQ
Fuel sulphur content {gS/kg} 10 10 20 20 0 NQ NQ
CO, emissions (g/lkWh) 909 936 726 747 362 NQ NQ
SO, emissions (¢/kWh) 9 1 9 10 NQ NQ
NO, emissions (g/kWh) 35 2.2 3.0 2.0 0.7 NQ NQ
Airborne PM emissions (g/kWh) .17 NQ 0.41 NQ NQ NQ NQ
Airborne heavy metals (g/kWh) 0.09 NQ 0.02-0.08 NQ NQ NG NQ
Solid waste (g/kWh) 72 NQ 0.09-0.24 NQ NG NQ NQ
Tonising radiation unit - - - - - - -
Routine gaseous and liquid NQ NQ NQ NQ NQ 42 000 68 000-
Effluent (Bq/kWh) 82 000
Spent fuel (mg/kWh) NQ NQ NQ NQ NQ 2.9-4.7 3.0-38

a) Flue gas desulphurisation and low-NO, burners.
b) Advanced gas-cooled reactor

¢) Pressurised water reactor

NQ = not gquantified

Source: {Michaelis, 1997)

power also achieves near-elimination of all of these
emissions, but results in routine and accidental (not
shown here) release of radioactive material®.

2.3.3.1 Effects on greenhouse gas

The case studies (DRI, 1997a; Gurvich et al.,
1996; Michaelis, 1997, Shelby er al., 1994) indicate
that removing support for the preduction and use of
coal and other fossil fuels can result in reductions in
CO, emissions amounting to tens of millions of tonnes
in the main coal-using countries, while also reducing
the cost of electricity production. Although the case
studies do not address reductions in other greenhouse
gas emissions from power generation, such reductions,
mainly of methane, are likely to be larger in percent-

age terms than those for CO,. This is because: a) alter-
natives to coal have a lower ratio of methane to CO; in
full fuel cycle emissions (Eyre and Michaelis, 1992);
and b) methane emissions are highest from deep coal
mines, which are also the most heavily subsidised
(Steenblik and Coroyannakis, 1995).

Figure 2.1 shows DRI's (1997a) calculations of
reductions in subsidies, coal use and CO; emissions
for the six countries modelled in that study. Total coal
consumption decreases in all countries that remove
subsidies except France, which increases coal con-
sumption to export power.to Germany. The total
reduction in coal use amounts to about 13 Mitce, At the
same time, electricity demand increases. Additional
demand, and the gap left by the reduction in coal-fired
generation, is met by natural gas-fired CCGT.

3. Coal combustion alsa results in the release of radioactive material. This has not been quantified in Table 2.4.
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Figure 2.1: Reductions in subsidies, coal use and C(O, emissions for six OECD countries
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The increase in world coal prices calculated by
DRI would be likely to reduce coal demand in the
United States and elsewhere, although this effect was
not reported by DRIL. An order-of-magnitude estimate
of the probable effect of this price rise on coal
demand in the United States can be obtained using the
five-year own-price elasticity of coal demand in
industry, which is calculated by the IEA (1994c¢) as
-0.23, and the 1EA’s (1995¢) projection for North
American solid fuels used in power generation and
industry in 2010, which is 612-667 Mtoe (26 to 28
EJ). The reduction in coal use can be estimated* as
0.82-0.89 EJ. This in fact entails a reduction in the
projected increase in coal use from 1990 to 2010,
rather than a net decrease. CO; emissions associated
with this coal use at 88 Mt/EJ would have totalled 72-
78 Mt. Assuming that North American utilities build
gas CCGT plant instead of coal-fired plant, the green-
house gas emissions avoided in 2010 would be about
half those associated with the reduced coal burn: 36-
39 million tonnes of CO;, or roughly four times more
than the DRI estimate for Europe and Fapan alone.
Longer-term effects would be larger: IEA (1994c)

estimates the 15-year elasticity of industrial coal
demand in the United States at -0.39. The effects of
coal price increases on consumption in non-OECD
countries might also be significant, but these cannot
be estimated for the current study. Based on the DRI
study it does appear that removing $5.8 billion of
PSE-type coal subsidies in Europe and Japan would
probably reduce global CO, emissions by a minimum
of 50 million tonnes by 2010.

The time-frame for emission reduction as a result
of policy reform depends to a large degree on the
replacement schedule for electricity generating plant,
which may itself be influenced by changes in policy.
Removing investment supports may lead to slower
replacement of capital stock, keeping inefficient or
polluting plant in use. Removing supports to electrici-
ty consumption may also reduce demand growth,
again probably meaning less plant construction®, The
effects depend on the nature of the existing stock, the
level of capacity reserve and the way removing the
supports affects demand. In the United Kingdom,
where little power station construction or environ-

4. E'=E{p'/p)", where E = base projection of coal use, E' = coal use reduced by price increase, p = base price projection,
p'=price increased by expanded European coal imports, 1 = price elasticity of coal demand.

5. in most cases, however, a major aim of policy reform in the electricity sector is to reduce electricity prices, which is

likely to lead to faster demand growth.




mental upgrading occurred during the 1980s, removal
of coal supports in the late 1980s and early 1990s,
along with increasing environmenial constraints, led
to construction of several new CCGT plants
{Michaelis, 1997). Investment in CCGT, along with
Jong-term contracts for cheap gas supplies, appeared
to generating companies o be more cost-effective and
less risky than upgrading old coal-fired facilities to
meet tighter acid gas emission restrictions. In the
United States and Germany, subsidy reform is likely
to favour CCGT over coal in new plants, but there
may be no need for new construction for some time if
reforms lead to more efficient practices and higher
load factors in existing plants (Lee and Darani, 1995:
Bohringer, 1995}, Subsidy reform initiated in 1997
would be likely to have relatively little effect on emis-
sions in 2000-2010, although substantial results could
be seen by 2020 when growing electricity demand
and plant obsolescence necessitate new investment.
The long-term effects depend on the availability of
moderately priced natural gas, reductions in the cost
of renewables, technical developments to reduce the
environmental impact of coal-fired power generation
and changes in the acceptability of nuclear power.

While removing subsidies may lead directly to
reduced coal use and CO; emissions, the extent of
reduction depends heavily on national circumstances.
Tt may also depend on concurrent implementation of
other market reforms, including institutional reform
of the ESI, and the concurrent introduction of mea-
sures to reduce and internalise the environmental
impact of power generation. The case studies show
that the greatest environmental benefits occur where
subsidy reform is accompanied by other environmen-
tal policies. Removing subsidies and other distortions
can accelerate the effects of those policies. In the
cases of Australia, Germany and Italy, removing coal
support and barriers to competition from other fuels
results in lower costs to meet a CO; constraint, or
enhances the effectiveness of a CO; tax. In some
cases, the effect on CO; emissions is doubled, or the
cost of abatement halved, for taxes and emission con-
straints of the order of magnitude required to return
emission levels in 2000 to 1990 levels.

2.3.3.2 Acid gas emissions

Three of the case studies (DRI, 1997a; Gurvich
et al., 1996; Michaelis, 1997) estimate the effects of
subsidy reform on acid gas emissions from the ESL
These estimates must be treated with care, as chang-
ing market conditions may not affect SOx emissions
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where these are capped by regulations. Nevertheless,
where regulations are not enforced, or where actual
emissions are lower than the regulated limit, policy
reforms can have an effect on SO, emissions.

As Table 2.4 showed above, CCGT plants have
negligible SO, emissions and their NO, emissions are
likely to be 70-80% lower than those of coal-fired
plant, except where the latter uses sclective catalytic
reduction (SCR) of NO,. Switching from domestic to
imported coal would also have a substantial effect on
SO, emissions in some countries, notably the United
Kingdom and Spain, where domestically produced
coal has a relatively high sulphur content (see Table
2.5). DRI (19974a) finds that SO, emissions in 2010
would be 0.5 million tonnes lower than in 1990 in the
United Kingdom, and nearly as much lower in Spain,
as a result of subsidy removal.

Michaelis (1997}, assuming that SO, and NOx
emissions would in any case be limited by regulations
in a “with subsidies” scenario, finds that the effects of
coal subsidy removal and EST reform on these ernis-
sions in the United Kingdom are not so clear-cut. It 1s
true that emissions of both pollutants were quickly
reduced in the first half of the 1990s by the rapid
switch from coal to gas. If coal support had been
maintained, sulphur emissions would probably have
been reduced more slowly, but they might have
reached a lower level by 2010 than is now anticipat-
ed. This might have occurred as a result of: a) the fit-
ting of FGD to a higher proportion of existing
coal-fired power stations, and b) a higher rate of
investment in new generating technology with lower
emission factors, possibly including advanced coal
technology and nuclear power.

2.3.4 Economic, employment, environmental
and trade effects

A key issue to be addressed in the process of
reform is the choice of new measures to replace exist-
ing policies. If budgetary subsidies or tax expendi-
tures are removed, the government will have more
funds at its disposal. The ‘effect on the economy of
removing the supports depends very much on how the
government uses any funds saved. The way these
funds are used is likely to depend partly on the origi-
nal reasons for the support, and whether these reasons
are still important policy objectives, as well as on
other policy objectives. An initial question is whether
any funds should be directly re-channelled into alter-
native types of support, or whether they should be




Table 2.5: Sulphur content of coal

Coal Exporter Sulphur Content (% wt)
Australia 0.3-12

United States 0.2->4 (low-sulphur grades widely available)
Canada 0.2-0.5

South Africa™ 0.3-1.0 {export grades)
Colombia 04-0.8

Venezuela 0.6

Indonesia 0.1-0.9

Poland 0.8-1.8

Czech Republic 1.0-2.0

CIS 0.3->4.0

China 0.2-1.0 {export grades)

Coal Importer

Germany
Spain
United Kingdom

0.7
1-7
1.5-2.0

used to reduce taxation elsewhere in the economy or
to reduce government debt. While the last two options
can provide an economic boost, they may not be
effective in addressing the broader range of govemn-
ment policy objectives. There may be strong political
reasons for the government to maintain spending but
shift its focus, or establish alternative subsidies tem-
porarily, to facilitate transition in affected industries
and regions. These issues are not explored in any
detail in the OECD case studies, and thus represent an
important area for additional analysis.

2.3.4.1 Changes in cost and effects on the economy
Support to coal production usually involves
either excess payments from the government or mea-
sures that constrain consumers’ choice of fuel or tech-
nology — sometimes both. Where such support is
removed, government expenditure may fall, allowing
for reduced taxation or increased expenditure in other
areas; and electricity prices may fall, enabling con-
sumers to use more electricity and spend more on
other goods or to save more. Whatever form the sup-
port takes, its removal is likely to create alternative
opportunities for consumption and investment. This
new consumption and investment could lead to an
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increase or a decrease in economic growth, depending
on the pattern it takes.

The OECD case study on the removal of 1.8,
federa] energy subsidies included the results of mod-
elling to investigate the effects of recycling funds into
various types of general tax reduction. DJA (1994)
finds that, where the U.S. government uses reduced
expenditure on subsidies to reduce average tax on
earnings, GDP falls (see Figure 2.2); where only
marginal tax on wages is reduced, encouraging
increased employment, GDP rises; and when taxes on
capital income are reduced, encouraging investment,
GDP rises. All the GDP changes are very small.
Welfare disparities among regions and household
types increase where the government reduces average
tax on capital or earnings, but decrease where it
reduces marginal lax on wages.

2.34.2 Employment effects

A key reason that governments support coal pro-
duction is to maintain employment in coal mining
communities (Bohringer, 1995). Removing support
would generally result in reduced employment in the
coal industry (DRI, 1997a), although this may not




Figure 2.2: Effects on GNP of subsidy recycling mechanisms, United States

Percentage Change From Base

Fo T RS - »
0.2 p i
Il —al b _qs
01 L } [ L LRI
0.0 ..o
\
o1 | Y
\
A\
0.2 | ’
N
A
~.
03 | N & e
A r—r—A e — g — - — A k=T & T TR
-0.4 L L L L L L 1 N i
1990 2000 2010 2020 2030 2040 2050
—p—CapltalTax ~ --=== Marginal Labor Tax — A— Average Labor Tax J

Source: DIA, 1994

always be the case. Where the coal support takes the
form of compulsory purchase of domestic coal by the
ESI, removing it can result in lower electricity costs.
Whether this leads to higher consumption of domestic
or imported coal depends on several factors, including
the price of the substitutes. In some instances, intro-
ducing competition may lead the domestic coal indus-
try to improve productivity, reducing costs and
increasing supply, and possibly employment.
However, high domestic coal costs do not necessarily
imply that the industry is inefficient - it may simply
face difficult mining conditions or high local wages.
in which case introducing competition is likely to lead
1o reduced domestic production and employment.

While coal industry employment may fall,
removing government support for an uncompetitive
sector, and reducing the taxation burden on compet-
itive sectors, is likely to increase employment in the
latter. The OECD case studies did not evaluate the
potential extent of this effect; it is an important area
for further research.

2.3.4.3 Trade effects

Trade objectives constitute a major reason for
coal policy reform, and have played an important
role in the case of agricultural subsidies. Many
countries that have low-cost coal production and
wish to increase coal exports advocate the removal
of coal support in potential importing countries.
Certain patterns of reform, such as removing
requirements to buy domestic coal but maintaining
investment supports and grandfathering of existing
coal-fired plant, might lead to increased demand for
low-cost imported coal if implemented in Europe
and Japan. Thus, trade would'increase, but so might
greenhouse gas emissions. The overall effect on coal
use and greenhouse gases would depend on many
factors. These include the age structure of coal-bumn-
ing plant in the consuming countries and the price
elasticity of coal production in exporting countries.
As discussed above with regard to the United States,
coa! demand in some non-subsidising countries
could fall as world coal prices increase. It is also
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possible that demand woyld increase in countries
that remove coal price supports (i.e. allow domestic
prices to fall to the level of import prices}. Overall
effects depend on local options for power generation
and their relative economics.

More general subsidy reform might not benefit
coal exporting countries. In the United Kingdom, the
ESI has switched away from coal use towards natural
gas CCGT following policy reforms; the same might
occur elsewhere in Europe (Newbery, 1995) and pos-
sibly in North America in the long term. However,
trade in other energy forms, especially gas and elec-
tricity, might increase. The effects of this increased
trade on the environment might vary locally, with
some regions negatively affected and some positively
affected, depending on the patterns of energy supply
favoured by the reforms.

There are still considerable gaps in the current
understanding of the environmental, economic and
social effects of different approaches to policy
reform. In particular, the effects of alternative
replacement policies need more exploration, using a
variety of models and approaches. There is also a
need for further research to investigate the full trade
implications — and hence the full economic and envi-
ronmental implications — of coal subsidy reform.

24 Identifying supports to electricity
production and consumption

Supports to electricity production and consump-
tion can include a wide variety -of measuares that
reduce the costs of electricity. For example:

- the application of taxes and duties below
the general rate for electricity consumers,
or for the ESI;

—  subsidies to capital, such as government loans
and equity, or limiied ESI liability for risk;

~ regulations limiting the rate of return the ESI
can achieve on capital,

~ subsidies and cross-subsidies for rural and
remote electrification and electricity con-
sumption;

— regulation or subsidies that keep electricity
prices below their long-run marginal cost for
some or all consumers;

~  preferential contracts between a state-owned
ESI and energy-intensive industries, such as
alumininm smelters,

Such supports tend to lower either the cost of
supplying electricity or the electricity price for certain
consumers, thereby increasing the amount of electric-
ity consumed. Many of the measures also tend to dis-
tort the conditions faced by the ESI, encouraging
technology choices that would have not been made in
an undistorted market; just as it has already been
observed that subsidies to capital encourage the
choice ol capital-intensive technology, support of
rural electrification may encourage grid extensions
where remote generation would have been cheaper.

One or more of the measures listed above have
been identified in each of the case studies on Australia,
Italy, Russia, the United Kingdom and the United
States. In most of these countries, support is provided
for remote electricity supply. Consumer subsidies are
largest in Russia, where residential electricity prices
are far below their long-run marginal cost, but they
also exist in one form or another for all the other coun-
tries. In addition, Australia, Italy and Russia have at
least some cases where large electricity consumers,
such as aluminium smelters, benefit from electricity
prices below the opportunity cost of supply.

To some extent, as mentioned earlier, electricity
consumption subsidies may be offset by other supports
that lead to higher ESI costs, in particular protection of
the ESI as a public sector monopoely. This tends to lead
to inefficiencies, such as low plant load factors, much
higher capacity planning reserves than would be found
in a competitive market, and have high power genera-
tion and distribution costs. Such inefficiencies became
apparent as a result of the introduction of competition
in Norway and the United Kingdom. The current ES}
reform in the United States may similarly result in
increased load factors and reductions in capacity plan-
ning reserves (Lee and Darani, 1995). Where con-
sumer support removal is linked to broader ESI
reform, consumer prices do not necessarily increase,
and may even fall in some countries.

2.4.1 Taxes and duties below the general rate

Figure 2.3 shows household electricity taxes as a
percentage of electricity prices in OECD countries.
Several countries, including Italy and the United
Kingdom, impose VAT on most consumer goods and
services, with a reduced level for certain items,




Figure 2.3: Household electricity tax as percentage of price in OECD countries in 1994
(IEA statistics)
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including residential electricity. The OECD project
scoping study (PHB, 1993) identified reduced VAT
or sales tax for residential electricity sales as a sub-
sidy. Some economists would disagree. Governments
have often exempted goods from sales tax because
those goods were viewed as essential and a sales tax
on them would fall disproportionately on low-income
househelds. Examples are food, children’s clothes,
housing and energy. Recently, the trend in many
OECD countries has been to reduce income taxes but
increase sales taxes. Within the European Union, tax
harmonisation has involved moving towards flat sales
taxes for all goods. In this context, especially where
alternatives to residential electricity use (notably,
energy efficiency investments) are subject to sales
tax, exemptions from sales tax can be viewed as sup-
port to electricity consumption {tax expenditures). For
the purposes of this study, it is not important whether
such exemptions are called subsidies.

2.4.2  Support to investment, risk limitation,
rate of return controls

Governments have used a wide range of mecha-
nisms to encourage the development of electricity
infrastructure and to keep down the prices charged by

Japan
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l.uxembourg
Mexico
Netherlands
New Zealand
Norway
Portugal
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Sweden
Switzerland
Turkey

UK.

USA

what is usually a monopoly supplier. Perhaps the
most obvious mechanism is provision of equity for
ESI investment. Governments also provide loans at
below-market interest rates, allow utilities to issue
tax-exempt bonds and use a variety of other mecha-
nisms to enable utilities to obtain cheap capital. A
range of capital subsidies or support to investment is
used throughout the OECD.

An even more common practice is limiting of
ESI exposure to the risk that investments may later
prove to have been unnecessary or misguided. Risk
limitation generally occurs through the existence of
monopoly franchises — in most countries, electricity
utilities have the sole right to supply consumers in
their region or in the country as a whole. What this
usually means is that the utilities are able to obtain
loans at low interest rates because they are less likely
to default than more competitive firms, and thus rep-
resent low risks for lenders. Interest rates affect the
construction choices of the utilities, as does the low
level of risks in itseif. In a competitive market, utili-
ties would be compelled to rﬁanage their investment
to allow for the risks that technotogy might not func-
tion well as expected. In addition, they would have to
anticipate that fuel prices might change unexpectedly
or that environmental regulations might change.

|
}
|
|
|




Rate of return controls have been used in the
United States as one of the main measures to regulate
monopoly utilities. Utilities are allowed to recover cap-
ital expenditure through rate-basing — incorporating a
price increment into electricity tariffs on agreement
with the state regulator. The increment is generally set
50 as 1o limit the real rate of return on utility sharehold-
er equity to around 6-8%. While such a rate of return
may be acceptable to equity holders seeking secure
investments, it is far below the rates typical for equity
investments in competitive private sector industries. It
has long been recognised that rate of return controls
can provide an incentive to overinvest and favour capi-
tal-intensive technology. The demand-side manage-
ment movement in the United States was partly a
response to such distortion, with regulators requiring
utilities to consider the demand-side (and supply-side)
alternatives to new construction.

Although support to investment, risk limitation
and rate of return controls are often aimed at develop-
ing efficient electricity systems and reducing electricity
costs, such support may actually tend to raise electrici-
ty costs. In particular, the limitation of risk through
protection of the ESI as a public sector monopoly and
the use of rate of return controls lead to inefficiencies,
visible partly in high capacity planning margins. Such
inefficiencies are apparent in the Norway and UK.
case studies, and have also been recognised in the ESI
reform under way in the United States.

2.4.3  Subsidies for remote and rural

electrification and price regulation

The case studies on Australia, Italy, Russia and the
United States identified support to remote or rural elec-
tricity supply. This support can be financial, as in the
case of the provision of low-interest loans for rural
electrification co-operatives in the United States, or can
take the form of regulations, such as the ltalian require-
ment that the state utility ENEL supply electricity to
remote areas at the standard tariff. Such subsidies are
generally conceived as social measures, with the aim of
ensuring that all households have access to electricity.
Frequently, however, support for remote electrification
results in extensions of grid supply where stand-alone
supplies would have been cheaper. In some instances
the cheapest option for stand-alone electricity supply
would have been based on renewable energy sources
and/or co-generation. Meanwhile, social support might
be more cost-etfectively provided through financial
transfers to low-income households than through a
general cross-subsidy from urban to rural households.
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Price regulation is common in electricity mar-
kets because of the monopoly nature of most utilities.
However, the level of price regulation generally
depends on negotiation and arbitration, which can
sometimes lead to regulated price levels that are
pelitically expedient rather than economically effi-
cient. Countries, and regions within countries, vary
in the extent to which stakeholders are involved in
price negotiations. Thus, in some countries (e.g.
Russia), prices are determined by government-
appointed committees, while in others (e.g. the
United States), they are determined through a public
hearing process. Governments or ministers often play
a key role in price setting. Consumers may have
explicit influence on prices through representation at
public hearings, or implicit influence through politi-
cians’ need to maintain popularity.

Considerable prior inefficiencies were revealed
by the processes of price adjustment in the United
Kingdom and Norway following market reforms in
those countries. Parts of the ESI that had previously
been subject to no competition and little public scruti-
ny achieved cost reductions as large as 50% following
market reforms. However, it is impossible to tell what
prices would obtain in a competitive market, if no
such market exists.

Where prices are regulated, cross-subsidies are
likely to exist among regions, sectors, or consumers
using power at different times. In some countries, as
for example in many Eastern and central European
countries and the CIS, industrial consumers may pay
higher prices than residential consumers even
though it is more expensive to distribute power to
small consumers than to large ones. On the other
hand, in some OECD countries the pressure to keep
industrial costs low may result in cross-subsidies
from households to firms.

2,44  Preferential contracts
Jfor energy-intensive industry

After the Second World War, it was common tn
many countries for public sector industries to have
access to electricity produced by public sector utili-
ties at below-market prices. Low electricity prices
are particularly important for electricity-intensive
industries such as aluminium smelters, which thereby
obtain an advantage in international competition. As
a rtesult of reforms associated with the tendency
towards privatisation and trade liberalisation, such
subsidies to heavy industry are now relatively rare,




but persist in a few cases in OECD countries. One
instance was identified in the case study on Australia,
where an electricity contract negotiated many years
ago between a state power utility and an aluminium
smelter could not be re-negotiated by the state gov-
ernment responsible. The provision of subsidised
electricity to industry is much more common in
countries with economies in transition, The Russia
case study estimates that electricity prices to industry
in Russia are about a fifth below what their unsub-
sidised level would be, This represents a much small-
er subsidy per unit of electricity than that for
residential electricity but, given the large share of the
industria! sector in Russian electricity demand, it is
one of the largest single energy subsidies in Russia.

2.5 Effects of removing support for electricity

The effects on the environment and the economy
of removing consumer subsidies depend on the type
of subsidy and how it is removed or reformed.
Estimating these effects depends on understanding
how consumers are likely to respond to changes in
electricity prices or to competitive electricity supply,
and how the ESI is likely to behave under altered
market conditions. In some instances the size of the
support cannot be known until it is removed — this
may be the case, for example, with regard to cross-
subsidies among consumers resulting from price regu-
lation, which can be empirically assessed only in
hindsight once all consumers are supplied by a com-
petitive electricity market.

2.5.1 Environmental effects

The case studies show that removing subsidies,
where this results in higher electricity prices, tends to
lead consumers to swilch away from electricity
towards other fuels in end-uses where substitution is
relatively casy. This applies in particular to residential
and commercial sector space and water heating, and
various industrial subsectors, Where electricity is the
strongly preferred energy form for an end-use, for
example in lighting or operating electric appliances
such as refrigerators and computers, the effects of
electricity price changes on demand are very small.

Reducing electricity demand can be expected to
lead to decreased environmental impacts. The
decrease can be larger than would be expected just
from the average environmental effects per unit of
power, because marginal power demand is usually met
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by fossil-fuel-fired plant of only moderate efficiency
and with higher emission factors than baseload plant.

Figure 2.4 shows results from the analysis car-
ried out by Decision Focus Incorporated (DFI, 1993)
for the U.S. case study using Gemini. The figure
shows the effects of removing U.S. federal energy
subsidies on CO, emissions over the period to 2035.
DFI finds that the two types of subsidy whose
removal offers the largest emission reductions are
subsidies to utilities: low-interest loans to rural utili-
ties, and the tax-exempt status of municipal uulities.
By contrast, they aiso find that removing consumer
energy subsidies to low-income households (the Low
Income Home Energy Assistance Program or
LIHEAP) has very little effect on CO, emissions.

The findings of the UK. and Italian studies are
similar to those of the U.S. study in that they indicate
that support to the ESI is likely to have more impact
than support to consumers. In both studies, increasing
sales tax on residential electricity consumption to the
general rate results in only slight decreases in total
electricity use, of the order of 1%. Some of the envi-
ronmental benefits of this are offset by increases in
consumption of other fuels. The studies calculate CO;
emission reductions of a few hundred thousand tonnes.
Removing support to producers results in emission
reductions of the order of 10 million tonnes, largely
because of the effects on fuel choice in the ESL

The supports to producers with the largest envi-
ronmental impact are probably those that reduce the
rate of return sought from ESI investments, These sup-
ports include subsidies to investment as well as the lim-
itation of exposure to risk and liability, and rate of
return controls associated with monopoly franchises.

The effect of the ESI discount rate on technology
choice is discussed above in the context of support to
coal. It was noted that investment in coal-fired plant
is likely to be dependent in many countries on the use
of below-market discount rates. The same argument
applies to nuclear power.

The protection of the ESI from risk can con-
tribute to low discount rates. However, risk protec-
tion may also have adverse environmental effects. In
the United States, Andrews apd Govil (1995) find
that the protection of utilities from risk may have led
them to pay insufficient attention to the potential for
environmental standards to tighten in the future.
Utilities have been successively required to reduce
their emissions of particulates,ySOz and NO,, and




Figure 2.4: Carbon emission reductions from removing individual U.S. federal subsidies
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may in the future need to reduce CO, emissions.
Technical changes to coal-fired plant have been
made to meet each requirement in turn, starting with
electrostatic precipitators to reduce particulate emis-
sions, then FGD to reduce SO; emissions, and now
low-NQ, burners and SCR to reduce NO, emissions.
Each of these changes has been the cheapest at the
time, but if a long-term view had been taken and util-
ittes had aimed to minimise costs associated with
possible future environmental constraints, they might
have adopted different options. Andrews and Govil
find that, although FGD is the cheapest option for
addressing sulphur emissions alone, the combination
of S0; NOy and particulates is more cheaply
reduced by switching from coal to gas-fired CCGT.
While utilities in a competitive market are not likely
to take a longer-term view than monopoly utilities,
they are likely to think more carefully about risk
when making investments.

The issue of protection from liability has been
discussed more in relation to nuclear power than to
other forms of power generation. This discussion has
arisen largely because of the uninsurable nature of the
risk of nuclear accidents, and the uncertainty about
permanent disposal of nuclear waste and reactor

decommissioning. The development of nuclear power
has generally depended on governments’ willingness
to underwrite liabilities in these two areas. Without
this support, there would be very much less develop-
ment of nuclear power, with less associated pollution
in the form of releases of radioactive substances. On
the other hand, fossil fuel use and the asscciated envi-
ronmental impact would be much higher.

2.5.2  Economic, employment and trade effects

Support to electricity sector investment can be
viewed as a distortion in capital markets, tending to
lead to greater investment in that sector than private,
competitive capital markets would have done.
Governments often provide such support intentional-
ly, to stimulate employment and maintain activity in
the construction and engineering industries. Although
reducing this support might lead to job losses and
reduced output from those industries, it should in
principle provide a stimulus to other sectors of the
economy through reduced construction and engineer-
ing costs and lower interest rates. It should also allow
the economy as a whole, especially electricity-inten-
sive industries but also the construction and engineer-
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ing sectors, to become more internationally competi-
tive. These various effects, not explored in the OECD
case studies, represent an important arca for future
work, perhaps partly through empirical studies of
industries in countries where investment patterns in
the ESI have been reformed.

Support for electricity consumption is often
introduced with the aim of improving the access of
low-income households to electricity, or of reducing
industrial costs and improving competitiveness in
international trade. Sales taxes on residential electrici-
ty use may be below the standard rate because elec-
tricity and fuel taxation are viewed as regressive (the
share of energy costs in household expenditure
decreases with rising household income). On the
other hand, across-the-board low energy taxes are
likely to be a more expensive way to support low-
income households than targeted subsidies, such as
grants for home insulation for low-income house-
holds. Removing this support, and perhaps introduc-
ing a subsidy for energy efficiency improvements for
low-income households, might achieve the desired
benefits for those households while offering econom-
ic benefits in a variety of ways:

— budgetary costs might be reduced, a) by
focusing on low-income households rather
than providing a tax exemption for all house-
holds, and b} if guality-of-life improvements
for those households are achieved more cost-
effectively through energy efficiency invest-
ments than through tax exemptions for fuels;

— economic efficiency should be improved by
reducing the distortion in energy markets for
most households, and because tax levels else-
where in the economy (e.g. marginal income
taxes or the standard rate of sales tax)} could
be reduced as a result of the increased rev-
enue from residential energy sales;

—  there might be benefits for manufacturing
industry as a result of an increased incentive
to invest in energy-efficient technology, and
this could result in increased employment
overall, depending on the relative labour
intensity of energy supply industries versus
manufacturing industries.

The removal of electricity subsidies for energy-
intensive industries might also offer a range of eco-

6. 1Ecuin 1994 = $1.25

nomic benefits. Where electricity subsidies are
removed and the revenue is recycled through reduced
taxes elsewhere in the economy, other industries’ pro-
duction and international competitiveness can be
expected to rise. Energy-intensive industries might
become less competitive in the short term, but more
competitive in the long term as a result of restructur-
ing that may be overdue.

Measures that reduce the output of energy-inten-
sive industries are also likely to reduce employment in
those industries. As in the case of coal subsidy reform,
one way to address this problem is to transform the

. electricity subsidy into a regional employment subsidy.
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2.6 Externalities of electricity generation

The externalities associated with electricity pro-
duction and use are highly uncertain, partly because
of technical and scientific uncertainties in quantify-
ing the environmental effects of electricity use, and
partly because of disagreement regarding the valua-
tion of those effects.

The European Commission’s “ExternE” project is
one of the most comprehensive attempts to date to
quantify electricity sector extemalities. However, the
project report (EC, 1995) notes that many externalities
cannot yet be quantified, even for the specific case
studies examined, and that the unquantified externali-
ties may be larger than those that have been quantified.
This means that, at present, only a lower bound can be
estimated for the total external cost of electricity use.

2.6.1  Coal-fired power station at West Burton

Table 2.6 summarises the EC (1995) estimates of
external damage from a coal-fired power station, fitted
with FGD and low NOy burners, at West Burton in the
United Kingdom. The total of the short-term damage
quantified by the study amounts to 4.78 mECU/kWhS,
although the uncertainty in this figure should be
stressed. It should also be noted that no valuation has
been carried out for several types of environmental
and social impact. The vast majority of the quantified
damage is associated with SO, and NOy emissions and
their effects within the United Kingdom. A similar
case study for a coal-fired power station in Germany
finds a much larger external cost because air pollution
effects are estimated over a wider area.




Table 2.6: Coal fuel cycle damage cost estimates: West Burton
(mECU/KWh)

Timescale of Damage

Damage
Range Short Medium T
Local Public health (accidents) 0.062 Occupational health (e.g. miners’ diseases)  0.107
Occupational health {¢.g. mining accidents) (.83 Aquatic {direct emissions to water) NQ
Noise ‘ 0.15
Subtotal 1.04 Subtotal 0.107
Total NQ Total NQ
Regional Public health (air pollution effects) 37 Public health (air pollution effects) 0.029
Agriculture (air pollution effects) 0.026 Materials (air pollution effects) 1.28
Liming acidified waters 0.0016  Forests (air pollution effects) 0.004
Aquatic (air pollution effects on water) NQ
Biodiversity NQ
Subtotal 374 Subiotal 1.31
Total NQ Total NQ
 Undiscounted values.
NQ=not quantified
Source: EC, 1995
Table 2.7: Global warming damage associated with coal-fired power generation
Sources Valuation estimate (mECU/kWh) at discount rate of:
0% 1% 3% 10%
Cline (1992} 149 - 2.2 0.6
Fankhauser (1993) 10.4 1.5 0.4
Tol (1994) - 18.3 11.7 2.6
Hohmeyer and Gértner (1992) 5030 — 770 190

Source: EC, 1994

The study does not estimate costs associated with
climate change due to greenhouse gas emissions in
the coal fuel cycle. However, it does provide a range
of damage figures based on a review of the literature
on social costs of climate change, which are shown in
Tabte 2.7. These social cost estimates, which are very
uncertain and highly contentious, are based on a vari-
ety of approaches to valuation, including assumptions
about the type of damage that would occur as a result
of climate change, as well as the valuation of the
damage. Climate change costs also depend on the
actual climate effects of greenhouse gas emissions.
The discount rate chosen to evaluate the present value
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of future damage is a subject of philosophical debate
AMONgE eCONOMists.

Depending on the assumptions made, global warm-
ing damage associated with coal-fired power generation
could be less than 1 mECU/KWh or more than 5
ECU/kWh. Climate change externalities in the range of
$5-125/C (Pearce et al., 1996) imply a cost of the order
of 1-25 mECU/kWh for coal-fired power generation.

In sum, the total external cost of coal-fired power
generation cannot be estimated except with an
extremely low level of confidence, but a working




value of about 10 mECU/kWh was taken for the pur-
poses of the UK. case study for a coal-fired power
station fitted with FGD and low-NQO, burners. For
power stations not fitted with this equipment, air pol-
lution damage, which is mostly associated with acid
aerosols, might be up to five times higher, assuming:
a) that the value of damage is proportional to the
emission level and b) that West Burton would be typi-
cal of other power station sites. This would result in
total social costs of the order of 25 mECU/kWh for an
uncontrolled coal-fired plant.

Given that most of the quantified externalities
associated with coal-fired power generation result
from air pollution, and that oil-fired generation is
expected to have similar emission factors for major
pollutants, this report takes the same working value for
the external costs of heavy fuel oil use as for coal use.

2.6.2  Gas-fired power station at West Burton

Using the same methodology as for the coal fuel
cycle, EC (1994) derives damage costs associated
with a CCGT power station at West Burton fired with
natural gas, as shown in Table 2.8. The total of short-
term effects quantified is 0.64 mECU/kWh.

Table 2.9 provides the range of global warming
damage estimates associated with a CCGT power sta-
tion. Not surprisingly, as CCGTs have less than haif
the CO, emissions of coal-fired stations, the estimates
are reduced by a factor of just over two. Taking the
$204C figure mentioned above, the climate change
damage associated with CCGT power generation
would come to about 2 mECU/kWh, Thus, an overall
working value for the externality associated with gen-
eration by CCGT might be put at 2.5 mECU/kWh.

2.6.3  Nuclear power station in France

The EC study also evaluates the external costs
of nuclear power generation in France, with separate
evaluations for the costs associated with routine
exposure {occupational and public) to ionising radi-
ation, and the costs associated with rare large acci-
dental releases of radioactivity material. It estimates
the routine damage costs at 2.5 mECU/kWh without
discounting, and 0.1 or 0.05 mECU/kWh when dis-
count rates of 3% and 10% are used, respectively.
The accident-related costs are highly uncertain, and
depending on the accident scenario range from
0.002 to 0.1 mECU/kWh,
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The study mentions that the range of results in
the literature for the nuclear power externality is from
0.1 to 100 mECU/KkWh, depending on assumptions
and methodology.

The U.K. case study took a working value for
the nuclear externality of about 1.25 mECU/KWh.
The unwillingness of the private sector to take on
the liability for risks associated with nuclear power
indicates that insurance companies might adopt a
higher valuation.

2.6.4 Effects of removing externalities
2.6.4.1 Externality adders with subsidies

The U K. case study briefly considers the effects
of introducing externality adders to the costs of elec-
tricity generation from the various fuels and technolo-
gies, using the working values for externalities
discussed in the last section. Externality adders rein-
force the effects of some support — notably for nuclear
power — but work in opposition to other kinds,
notably for coal. The large externality estimate for an
existing coal-fired plant without emission controls
makes this the most expenstve kind of plant for
baseload operation. However, it can be competitive
for use lower in the merit order (at load factors below
20%), as the capital cost of new plant makes it uneco-
nommic to operale at such low load factors. Retrofitting
FGD to existing coal-fired plant is not competitive
with other options in most circumstances. Under most
of the “with subsidies™ scenarios, nuclear power is the
cheapest new baseload technology given the external-
ity adders used here, provided load factors exceed
about 70%. Even in the low-gas-price scenarios,
CCGT may be more expensive for baseload than sub-
sidised nuclear power in the early years of the period
examined, 1990-2020. However, CCGT is likely to be
the cheapest option for operation at load factors
between 20% and 70%.

If ESI subsidies had been maintained in the United
Kingdom, the introduction of extemality adders based
on the working values used here might thus have
resulted in a very substantial shift to nuclear power and
CCGT, and a reduction in emissions of conventional
air pollutants and greenhouse gases. The extent of the
reduction has not been quantified in the current study.
It should be noted that, as mentioned above, the value
used for the nuclear power externality lies below the
middle of a range from the literature that spans three
orders of magnitude (from a factor of 12 smaller to a




Tablg 2.8: CCGT/natural gas damage cost estimates: West Burton
: (mECU/KLWh)

Timescale of Damage

Damage
Range Short Medium *
Local Public health {accidents) 0.0066 Occupational health (e.g. miners’ diseases) NQ
Occupational health (e.g. mining accidents) 0.10 Aquatic (direct emissions to water) NQ
Noise - 0.027
Subtotal - 0.14 Subtotal NQ
Total NQ Total NQ
Regional Public health (air pollution effects) 0.504 Public health (air pollution effects) 0.039
Agriculture (air pollution effects) NQ Materials (air poliution effects) 0.12
Liming acidified waters NQ Forests {air pollution effects) NQ
Aquatic (air pollution effects on water) NQ
Biodiversity NQ
Subtotal 0.50 Subtotal 0.16
Total NQ Total NQ

1 Undiscounted values.
NQ=not quantified
Source: EC, 1994

Table 2.9: Global warming damage associated with CCGT/natural gas power generation

Sources Valuation estimate {(mECU/kWh) at discount rate of:

0% 1% 3% 10%
Cline (1992) 6.4 - 1.0 0.3
Fankhauser {1993) 4.5 0.7 0.2
Tol {1994) - 7.9 53 1.4
Hohmeyer and Giirtrer (1992) 2 160 - 350 105

Source: EC, 1994

ke

factor of 80 larger). A nuclear externality ten times
higher than that used here would make nuclear power
more costly than CCGT in all scenarios.

2.6.4.2 Externality adders without subsidies

The choice among generating options is strongly
affected by the rate of return required on investment.
In the “with subsidies™ scenarios, this is set at 5% per
year. The UK. case study comments that the required
rate of return for private investment in the EST under
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competitive conditions may be in the region of 10-
11%, reflecting risk as well as the private opportunity
cost of capital. Even an increase in the required rate
of return to 8%, which is the rate currently required of
public sector investments in the United Kingdom, has
a considerable effect on the relative costs of generat-
ing options. The relative positions of CCGT and
existing (mostly coal-fired) plant are greatly
improved and the relative positions of new coal and
nuclear power are worsened. This shift is one of the
most significant effects of policy reform in the United
Kingdom. The main effect of introducing externality




adders in these circumstances is to rule out the use of
existing coal or oil-fired plant except at low load fac-
tors, and to rule out any construction of coal or oil-
fired plant in all the fuel price scenarios considered in
the case study. Thus, with subsidies removed, exter-
nality adders strongly favour the choice of CCGT for
all new construction and to replace existing coal-fired
plant for baseload. Existing coal-fired plant is cost-
competitive with new CCGT in these circumstances
for operation at load factors below about 25%.

2.7 Implementation issues
in reforming energy supports

The foregoing sections have already given some '

_indication of the original policy objectives of exist-

ing supports - usually related to employment, pro-
tection of domestic markets, export promotion and
support for low-income or rural households.
Removing these supports will inevitably arouse
opposition from those whose interests are served by
keeping them. On the other hand, there is growing
international momentum on the path to policy
reform, including removing supports, and many
countries have already travelled far along this path.

Reforming policies in recognition of changed
circumstances may allow the original policy objec-
tives to be met more effectively than before. This
might be the case, for example, if subsidies for coal
production or electricity consumption are converted
to more direct incentives focused on the policy
objective. Alternative policies might include mea-
sures such as providing direct subsidies to encour-
age regional employment or investment, providing
grants for energy efficiency improvement or for
installing electricity supplies in low-income and
rural households and using the reduction in expen-
diture on subsidies as an opportunity to reduce
overall taxes so that the economy is more efficient
and industry is more competitive.

One difficulty likely to be faced by governments
is that they will be accused of withdrawing support for
the original policy objective of the subsidies. Of
course, in some cases, this accusation will be justified.

Many OECD Member country governments
face an additional difficulty, in that supports are pro-
vided in a wide variety of forms by different levels
of government. This can make the measurement of
support particularly difficult. Federal governments
may be committed to reforming support to energy
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use but have little or no jurisdiction over some poli-
cies of states or provinces.

Improved transparency may be an important first
step in reforming subsidies. An initial stage might be
to ensure public knowledge of the range of measures
that can act as support to energy production and con-
sumption. This might mean collecting and making
available information on:

_ the level of direct financial support to fuel
production and supply, electricity genera-
tion, transmission, distribution: grants, devi-
ations from the levels of taxation applied to
other large companies, special rules for capi-
tal depreciation for tax purposes;

_  direct financial support to electricity con-
sumers: deviatiops from the levels of taxa-
tion and subsidy applied to other goods
(especially competing fuels}, complements
to electricity consumption and alternatives to
electricity consumption, such as investment
in energy efficiency;

— trade policies (quotas, tariffs and credits} for
fuels or equipment used in electricity genera-
tion, or for electricity;

—  price regulations and price supports, includ-
ing controls on procurement of fuels and
equipment used in the generation of elec-
tricity and for electricity transmission; also
public service obligations, which require
the ESI to supply all customers or a particu-
lar class of customers;

_  investment conditions for the ESI: level and
conditions of government equity, govern-
ment loans, debt forgiveness, controls on
rate of rewrn and presence of government
assurances (o restrict company lability.

While much of this information is already available in
some form, collecting and collating it would require
financial resources and political agreement.
Assimilation and interpretation of this information
can also be challenging. The OECD case studies pro-
vide some indication of what can be achieved in 2
variety of situations with very limited funds.

A second step can be the convetsion of indirect
supports and tax expenditures to direct financial aid.
This can greatly improve clarity about what is being




paid to support the policy objective, and can facilitaie
a move to more efficient measures.

International institutions might be able to play a
role in facilitating policy reform where governments
have an interest in this area. This might involve col-
lecting information on support to energy production
and use, and mediating information exchange and
development of methodologies for assessment of poli-
cies, The TIEA, OECD, FCCC. and Energy Charter
already collect some relevant information, and their
activities could be adapted or expanded to address
policy reforms of the type considered here.

While environment policy may have played a
partial role in existing reform processes, it has not
been the main driver. Thus, in some countries,
reforms may lead in the long term to increased envi-
ronmental damage caused by growing demand for
cheaper energy. Avoiding this outcome will depend
on co-operation among energy, environment, finance
and other concerned ministries to develop strategies
that address the full range of economic, social and
environmental objectives.
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Transport Subsidy Reform

removing road transport subsidies by introduc-

ing full-cost pricing for road users in France
(Orfeuil, 1997), Japan (Morisugi, 1997) and the
United States (DRI, 1997b). The three countries rep-
resent the three OECD regions (Europe, Asia Pacific,
North America) and have very different transport
sector characteristics:

Three OECD case studies examine the effects of

I. France has moderate population density,
105/km* — low relative to neighbouring
European countries and Japan, high relative
to North America. French cities are com-
pact, with population density that falls off
rapidly in the suburbs, and fairly high levels
of public transport provision. Most passen-
ger transport in France is by car, and car
travel per person is higher than in other
major European countries, but public trans-
port use, especially of rail, is also higher
than in most other countries. Freight trans-
port in France is mainly by road, with only
moderate use of rail. Both car use and
freight volumes in France grew rapidly in
the 20 years to 1991, with an 80% increase
in car traffic. Road freight has increased
while rail freight traffic has decreased.

Japan’s average population density s
330/km?, but most of the population is con-
centrated in a small portion of the land area
in the coastal plains. Per capita rail use is
higher than in France, while per capita car
use 1s lower. Freight transport in Japan is
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almost entirely by road or by coastal ship-
ping. Japan saw a very rapid increase in car
use over the 20 years to 1991, with car traffic
quadrupling. Road freight has increased,
partly at the expense of rail freight, by a
factor of more than two over the same period,

3. The United States is a large country with
relatively low population density (28/km?,
and very high levels per capita of both pas-
senger and freight traffic. The vast majority
of surface passenger transport is by car,
including in most city centres. A large share
of freight in the United States is carried by
the railways, although road freight traffic
per person is higher than total freight per
person in most other countries. Car traffic
has increased over the 20 years to 1991, but
by a smaller percentage than in France or
Japan. Road freight has also increased, but
with no decline in rail freight.

In all three countries, the road network is fairly
mature. However, construction of motorways contin-
ues and is the main area of network expansion.

3.1 Scope of case studies

The studies focus on road transport, partly
because most of the environmental impact of trans-
port is caused by road users. While other transport
modes are subsidised and do have negative environ-
mental effects, the aim of the project was not to track




down all subsidies, nor to identify the environmental
impact of all forms of subsidy, but rather to provide
an initial mvestigation of some key arcas where the
removal of subsidics and other market distortions
could have large environmental benefits. Future anal-
ysis may address other modes, notably air transport.

32 Subsidy evaluation

The transport case studies evaluate various types
of support to road use. In particular:

1. All three studies evaluate the balance
between, on the one hand, spending on road
building, road maintenance and road services
by various levels of government, and, on the
other, the level of fees and taxes paid by road
users to government. The net “subsidy” for
motor vehicle users in this case is the differ-
ence between the government spending for
motorised vehicles and the total revenue
from taxes and fees specific to motor vehicle
users. The U.S. case study notes that govern-
ment outlays do not represent the total eco-
nomic cost of providing the road network: in
particular, if the capital invested in roads is
priced at its opportunity cost, this could
increase the net annual subsidy to road users
by up to $60 billion.

2. The French and U.S. case studies also look
at some other types of distortion in markets
affecting road users, and at cross-subsidies
among road users. Cross-subsidies are iden-
tified in particular between urban and rural
driving, between light- and heavy-duty vehi-
cles, and between diesel and gasoline users.

3. A still wider definition of “support” includes
the non-internalisation of social and environ-
mental costs. All the case studies evaluate the
level of externalities from car and truck use.

In the following, these three types of support are con-
sidered in turn.

All three case studies start by estimating the net
balance of government spending versus revenue for
road (motor vehicle) users in each country, as defined
in point 1 above, This raises many questions about
what constitutes a government expenditure to support
maotor vehicle use, and what constitutes a user payment.
The studies are based on a common approach, assess-

ing road-related expenditure at all levels of government
and including expenditure by public companies. User
payments include all special taxes and fees associated
with road use and paid to government and public com-
panies. Taxes that are not peculiar to road use, such as
sales tax at the standard rate on vehicles, parts, fuel and
services, are excluded. Despite this common approach,
there are areas of considerable ambiguity in estimating
both government expenditure and user payments. One
problem area identified in the Japanese report is the
component of government expenditure that supports
non-motorised transport — e.g. the provision of side-
walks, paths, benches, lighting, policing and other
facilities and services. Expenditure supporting non-
motorised transport is rarely distinguished in road bud-
gets from that supporting motorised transport spending.
The Japanese report addresses this by considering two
extremes: one where all government road-related
spending is for motorised vehicle users, the other where
all spending from general revenue is considered to be
for non-motorised transport.

It is harder to identify cross-subsidies (point 2
above) because the disaggregation of revenue data by
user group varies among countries, and it is not cur-
rently possible to identify definitively the costs
imposed by different groups. The disaggregation of
revenues and outlays is further complicated by the
administrative structures in the countries studied:

— In France, the revenues and expenses for
each category of road involve different
levels of government: the nation, regions,
“départements” and municipalities.

—  In Japan, general road works are managed by
central  institutions (the Ministry of
Construction, through Regional Construction
Bureaux) and local institutions (local govern-
ment}. The toll road system is separate, and
involves public and private agents (four public
corporations, 20 local authorities, 36 local
public corporations and a private corporation),

— The U.S. highway system is administered by
federal and state agencies, as well as by
nearly 39 000 county, township and munici-
pal authorities. Jurisdiction over roads is
decentralised, with about 80% of total road
mileage administered at the local level.

As a result of these complexities, and despite
attempts to reach a common framework, the
approaches taken in the three case studies differ. The




studies provide breakdowns of user fees and govern-
ment spending which vary in structure and detail
according to the data available.

The evaluation of external costs, which is neces-
sary to consider the effects of the support mentioned in
point 3 above, is the most difficult area. It requires
many approximations, assumptions and guesses, along
with economic and scientific expert judgement. In the
current case studies, it has béen possible to provide
only limited exploration of the effects of variations in
critical factors in externality estimation. Without more
careful evaluation, policy based on this analysis would
be poorly founded. Given the uncertainties, externality
estimates used for policy purposes may depend as
much on political considerations, and the results of
discussion and negotiation, as on “‘objective” analysis.

The case studies identify government expendi-
tures associated with road transport in 1991, estimate
the external costs associated with the sector, and com-
pare these expenditures and costs with user fees and
taxes related specifically to the vse of road transport.
Relying on a variety of approaches, they develop ref-
erence scenarios of road traffic, its related social costs
and government revenues in 2010. Finally, they
investigate the environmental and economic effects of
internalising the social costs for users, using a variety
of policy instruments.

33 Budgetary transport subsidies

Transport policymakers have had to deal with
increasingly serious problems, including rising levels
of traffic congestion and road damage, noise, vibration
and pollution. Some of these issues have traditionally
been addressed through technical means. Roads are
built and widened to ease congestion, and strengthened
to reduce damage by heavy vehicles. Further capacity
increases and safety improvements are achieved
through traffic management systems and sophisticated
road design. Vehicle standards are introduced to
reduce pollution and noise and improve safety.

In recent years, transport ministries have been
actively seeking ways to manage congestion other
than through increasing capacity. In theory, the most
economically efficient approach involves road-user
charges based on the marginal cost associated with
each additional person’s use of the roads (EC, 19964;
Newbery, 1990). This might be expected to include
the cost of road provision as well as other social and
environmental costs. Full-cost road pricing and even
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private road ownership have been seen as potential
mechanisms for discouraging driving and reducing the
congestion, accidents and environmental damage asso-
ciated with car and truck use. So far they have rarely
been employed, however, because of political and
technical difficulties in introducing efficient ¢charging
systems. This is one reason that governments try to
recover the costs of road provision through relatively
crude road user charges on fuel or vehicles.

3.3.1 Measuring transport subsidies

There is little argument over the basic principle
that road users should pay for the services they
receive, but the appropriate level of payment is often
disputed. The example of the opportunity cost of capi-
tal invested in U.S. roads was given above - depend-
ing how this is counted, the cost of road provisicn in
the United States varies by a factor of almost two.
The opportunity cost of the land wsed for road con-
struction is also uncertain: where governments pur-
chase land by compulsory expropriation, the
opportunity cost of the land might sometimes be
higher than the price actually paid.

On the other hand, roads do have functions — mili-
tary and emergency service access, for example —
which, arguably, should be paid out of the public purse.
Some observers have argued that the transport sector
has positive externalities and so should be subsidised by
government. However, it can also be argued that most
of the positive externalities claimed — such as economic
efficiency advantages from the mobility of goods and
services, or pedestrian access to homes and services —
are internalised through one market or another.

Even if the net cost of road provision can be
agreed, it is not at all clear how costs should be divided
among private motorists, public transport users, com-
mercial goods vehicle operators, pedestrians and public
services. Marginal costs are especially difficult to evalu-
ate and justity in a way that all road users would accept.

Similarly, there is some question over which
taxes and fees should be included in an evaluation of
road user payments towards government expendi-
tures. For example, sales taxes levied at the normal
rate can be viewed as part of general taxation, but lob-
byists against increases in fuel and other transport
taxes frequently imclude sales taxes when they argue
that road users already pay their full costs. Fuel duties
are less obviously part of general taxation — in some
countries, including the United States and Japan, they




are explicitly levied to provide a road fund. In other
countries, especially in Europe, fuel duties originated
essentially as a general revenue-raising measure,
while special vehicle taxes, registration fees, annual
road taxes, etc., might be explicitly intended to raise
funds for purposes associated with provision of road
and road user services.

Items included in the balances for the three
OECD case studies vary among the three countries,

but include:

On the revenue side:

These balances are used in the case studies as the
measure of net aggregate budgetary subsidies 10 road
users. Revenues and spending are also disaggregated
to obtain estimates of the net subsidies to different
types of user. Disparities exist between: diesel and
gasoline users, who pay different levels of tax in
many countries; light-duty and heavy-duty vehicles,
which impose very different costs in terms of road
damage and road construction standards; and urban
and rural road users, who impose different costs in
terms of road provision.

In calculating the level of user payments to gov-

ernments, the studies exclude normal levels of sales
tax on goods and services. This component of road
transport taxes is assumed to be part of general rev- |
enue-raising, rather than a fee related to the provisicn \’
of infrastructure and services. |

:

|

special vehicle purchase taxes, vehicle regis-
tration fees and annual licence or other fees;

—  fuel taxes;

The Japanese case study tests the effects of dif-
ferent allocations of government spending among |
road users. This is particularly important for Japan, \
which has much lower levels of car use and higher j
!
|

-  driver licence fees;

- charges for the use of public facilities, such
as tolls and parking charges.

levels of bus use than France or the United States.
The shares of public spending assumed to be alloca-
ble to cars and trucks range in the case study from
64% to 100%. The remainder is assumed to be allo-
cated to pedestrian and public transport infrastruc-
ture, utilities (electricity, gas, water, sewerage)
under roads, the use of the roads by public services,
etc. A fair allocation would probably lie between
these two points and the figures chosen must be ;
—  administration of licensing and registration taken as an illustrative range. |

I systems; 1
i As Table 3.1 shows, user fees in 1991 exceeded |
- exemptions from sales taxes on fuel or vehi- government outlays in France by about $9 billion; this ‘
G

|

On the cost side:

— land appropriation, infrastructure construc-
tion and maintenance funding;

~ spending on policing and emergency ser-
vices:

cles for certain road users, excess is projected in the case study to fall to $8 bil-

i Table 3.1: Public sector expenditure vs. user fees in the transport sector

k (1991 $)

Public Sector Expenditure User Fees | Ratio ‘
3 Total % of GDP  Per vehicle  Per unit of Per unif of Total Fees/ (
‘ (billion $) 6y traffic fuel (billion $) public !
by ($/vkm) ($/litre) expen- :
|\‘ N diture :
i France 19 1.6 650 0.044 0.44 29 1.49 }
' Yapan (low car/ruck allocation) 57 1.6 950 0.14 0.68 72 1.26 :
f Japan (high car/truck allocation) 88 25 1460 021 1.05 72 0.82 ?
‘L United States T4 1.3 400 0.021 016 59 0.79 |




Figure 3.1: Effects of road user full-cost pricing, United States
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lion in 2010, on the assumption that fuel taxes do not
increase (in fact, fuel taxes in France have increased
since the study was written). In Japan, the position is
less clear. If the definition of government expenditure
on behalf of car and truck users includes all aspects of
road spending, these road users received a subsidy of
$16 billion in 1991, and it is projected to increase to
$24 billion in 2010. However, using the lower esti-
mate, where 64% of government road spending is
allocated to car and truck users, the study finds that
these users paid an excess in taxes of $15 billion in
1991, rising to $18 billion in 2010. Finally, the U.S.
study finds a net subsidy to road users of $15.5 billion
in 1991, rising to $25.5 billion in 20107..

When the costs of road provision and the user fees
are disaggregated by type of user, the picture changes
somewhat. Diesel vehicles in Japan do not pay their
full costs, because the diesel fuel excise duty is Jower
than that for gasoline. For France, Orfeuil (1997) car-
ries out a very detailed analysis of the net subsidy to
different types of road user. Although he finds that
most users pay more in tax than they cost the govern-

ment, gasoline users pay an excess of FF 51 billion
{about $10 billion in 1991 dollars), while diesel users
pay very little excess, He also finds a very substantial
difference between urban and rural road users, with
rural users paying a much larger excess (FF 39 billion)
than urban users (FF 13 billion). Urban diesel users,
especially light vans and heavy trucks, pay less in
taxes than they cost in road expenditure.

3.3.2  Environmental effects
of user fee road funding

As noted above, French road users already pay
the full government costs of road provision. Japanese
road wusers may also do so, subject to the uncertainty
about the altocation of the road budget among road
users. For the United States, where road user pay-
ments fall short of government road spending, the
case study investigates two alternative “full user fee
funding” scenarios. One of these scenarios is based on
an increased gasoline tax from 1998, the other on a
mixture of congestion pricing and parking charges for

7. Haltmeier, (DRI, 1997b) finds that net subsidies in fact fell to $11 billion in 1993, due to increased taxes and reduced road
spending. However, as noted earlier, counting capital at its opportunity cost could increase the annual subsidy by $6C billion.
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cars and axle welght charges for trucks to raise rev-
enue. Government spending is reduced in both of
these scenartos to an “optimal” level. The second sce-
nario is called the “optimal pricing” scenario, because
the fees introduced are designed to reflect the bud-
getary costs related to different types of road use. Fuel
taxes are a second-best solution to user fee funding
because fuel use is only indirectly related te the
amount of road space required by cars, or the amount
of road wear caused by heavy trucks.

The gasoline tax scenario obtains 15% green-
house gas emission reductions in 2010 relative to the
base case scenario, where user fees are unchanged,
The optimal pricing scenario obtains 12% greenhouse
gas emission reductions (see Figure 3.1). Traffic
levels are affected in the two scenarios in different
ways. Overall levels are reduced more in the gasoline
tax case than in the optimal pricing case, but under
optimal pricing, traffic patterns are changed, the
largest reductions occuring in commuter traffic.

The study does not give a detailed evaluation of
the environmental effects of full-cost pricing other
than the reduction in CO, emissions, but some effects
can be deduced from the changes in traffic levels.
While the effects of the new charges on heavy-duty
vehicle traffic are very small (at the most a 1% reduc-
tion in the gasoline tax case), effects on light-duty
vehicle traffic, and especially peak traffic, are larger.
In the optimal pricing case, peak light-duty vehicle
traffic is reduced by 13%, although off-peak traffic
increases by 3%. In the gasoline tax case, peak light-
duty traffic is reduced by 10%, and off-peak traffic by
6%. Thus, to the extent that the major externalities of
road use (congestion, air pollution, accidents, noise)
are associated with peak traffic, the optimal pricing
case is the scenario in which these externalities are
most effectively reduced.

3.3.3  Economic and other policy issues
in full user fee funding

The U.S. case study includes an evaluation of
the macroeconomic effects of changes in road user
pricing, using DRI's macroeconomic model of the
U.S. economy. The road user fees replace existing
sources of funding for road and highway construc-
tion, including federal and state income taxes, state
and local property taxes, and state sales taxes. The
net impact of the shift in financing is to decrease
income tax but to increase overall consumer prices
through the increased cost of driving.

The full user fee funding scenarios show GNP
figures 0.3%-0.5% lower in 2010 than in the subsi-
dies-continued scenarios, although these results need
1o be treated with caution. Alternative choices of tax
reductions might have more positive consequences,
and could lead to a GNP increase, as indicated by the
range of results from DJA (1994} related to energy
subsidy reform (Figure 2.2, above). Estimates of the
economic effects of changes in taxation are also likely
to depend heavily on the model used.

The costs considered in the case studies are
total and average costs of road provision,
Econemically efficient road user charges would be
based on long-run marginal costs, which would
need to be evaluated with a much more detailed
view of the way each kilometre driven by each road
user affects the current and future need for govern-
ment expenditure, at the margin. Such a detailed
study has not been carried out here. Efficient
charges would need to reflect directly the costs that
each road user incurs — thus, they would vary
according to type of vehicle, location, traffic condi-
tions and other factors (EC, 19964). It is technically
possible to impose such charges and many govern-
ments have experimented with, or implemented,
road pricing programmes of one kind or another. At
their simplest, these involve tolls for restricted
access routes such as motorways and bridges, Some
cities (notably Bergen, Oslo and Trondheim in
Norway} have implemented toll rings (Polak and
Meland, 1994; Ramjerdi, 1994). New Zealand
imposes charges on trucks for their use of roads on
the basis of the distance driven. Several national and
local governments have experimented with electron-
ic road pricing. So far, however, no such measure
has received wide acceptance.

34 Other support for car use

In addition to budgetary expenditure on road
transport, the case studies briefly consider other
types of explicit and implicit support to road users.
The U.S. and French studies identify the provision
of parking spaces for employees at work as a major
implicit support for car use, and examine the effects
of introducing parking charges. The extent to which
parking provision can be considered a market dis-
tortion in favour of driving depends on the situa-
tion: where it is an untaxed benefit to employees,
and a similar benefit is not offered to employees
using public transport or other modes, there is a dis-
tortion in favour of car use,
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Tax schedules and employment practices in
many countries act as support of one kind or another
to car use, and also to the purchase of larger or more
powertul cars. These practices include the provision
of company cars, tax credits or payment by employers
for expenses in travel to work, and many others.
Many governments impose lower taxes on company
purchases of cars than on private purchases. These
purchases can include -company purchases for
employees and the purchase of hire cars, which
together may comprise a large proportion of the
national fleet and are usually sold into private use
after three to four years.

Planning regulations that require developers to
include a minimum number of parking spaces with
new office buildings or housing can also act as an
implicit suppert to car use. None of these possible
distortions have been assessed in the OECD case
studies or the current report.

35 Transport externalities

In addition to evaluating budgetary subsidies to
road transport, the case studies evaluate road transport
externalities. They include assessments of the exter-
nal costs of traffic congestion, accidents, traffic noise,
air pollution and greenhouse gas emissions.
Externality definitions and methods for valnation
differ more among case studies than do methods for
budgetary subsidy definition and valuation, reflecting
a general difficulty achieving consensus among
experts on what constitutes an externality and how it
should be valued.

All three case studies include estimates of the
level of transport externalities in 1991. Only the
French and Japanese studies evaluate the effects of
reducing or internalising externalities along with bud-
getary subsidies.

3.5.1 Defining and measuring externalities

Many estimates have been made of the external
costs of road transport in OECD countries (EC, 1996a;
ECMT, 1994; Deluchi et al., 1996). The estimates
often depend on a chain of variables that have to be
estimated or modelled. In the case of air pollutants
these include: 1) emission factors which depend on the

technoelogy, its location, mode of operation, weather
conditions, etc.; 2) pellution dispersion and reactions
among pollutants in the atmosphere which are again
highly variable according to time, location and weath-
er conditions; 3) pollutant deposition on organisms
and property; 4) the physical damage caused (dose-
response} and 5) the costs entailed, Techniques for
damage estimation are under active development®, but
the studies produce widely differing results [see, for
example, EC (1995) and Deluchi (1996) for very
detailed accounts of the state of the art].

Existing studies have mainly tended to focus on
four types of externality associated with driving:

—  costs imposed on other motor vehicle users
in the form of delay because of congestion;

—  costs imposed con other road users (including
pedestrians, cyclists and public transport
users) because of accidents or the risk of
accidents, to the extent that these are not
covered efficiently by insurance;

— costs impoesed on the population in general in
the form of suffering, damage and loss of
visual amenity from air pollution;

— costs imposed on the population in general in
the form of reduced amenity and quality of
life because of noise.

Other external costs may be attached to climate
change, depletion of non-renewable resources, dam-
ages resulting from disputes over resources, effects of
transport on habitats and biodiversity, social disloca-
tion, effects on urban quality of life and housing
value, and other factors. Most of these are very diffi-
cult to value, and some may be very large.

The physical damages associated with transport
can in principle be measured, although it might not
always be possible to attribute the damages to a par-
ticular vehicle, driving in a particular place at a given
time. However, damage valuation is more subjective.
Once the physical damage has been quantified, there
are various possible valuation approaches:

- Direct costing is possible only where finan-
cial costs are incurred and causes can be
ascribed. This may be the case, for example,

8. The European Conference of Ministers of Transport (ECMT) has a Task Force on Social Costs, which is discussing and
developing methodology for external cost estimation, as weil as assembling new cost estimates.




for the repair of monuments damaged by air
pollution, or for the installation of insulation
to diminish traffic noise.

—  Willingness-to-pay (or to receive) studies
determine, through surveys, the amount of
money individuals say they would be ready
to pay {or receive} to get rid of (or put up
with) a nuisance. A weakness of this method
is that it can give a poor approximation of
the social cost, especially when the agents
are poorly informed. Willingness-to-pay
studies often give lower externality values
than willingness-to-receive studies.

-~ Hedonic pricing derives the damage costs
from the observed market prices of some
related goods (for example, by valuing the
fall in house values resulting from nearby
road development or coal mines). A major
difficulty in this approach is distinguishing
the effects of different influences on the
market in question.

— Aveldance costing involves estimating the
cost of avoiding an externality in the first
place. Avoidance costing is often used
because it is relatively easy to obtain the
necessary data. Estimates may be based on
abatement costs actually incurred as a result
of emission regulations. The approach can
provide a minimum value for the externality
per unit of damage insofar as actions already
taken to avoid the damage, even if required
by law, are an expression of willingness-to-
pay. In practice, however, marginal avoid-
ance costs are unlikely to equal the marginal
welfare costs of pollution.

Analysts differ in the type of effects they believe
should be included in externalities. For example, the
additional time spent travelling because of congestion
can certainly be considered an exlernality at the fevel
of the individual driver and is included in some esti-
mates of the externalities of road use. However, many
analysts argue that drivers take congestion into
account in their decision to use the roads, and that
only the costs of congestion that are external to the
road sector should be considered as externalities®.
These are quite small and hard to evaluate. Evaluation
of accident costs, and the component that is not paid

by insurance, is particularly difficult. Most studies do
not take account of the indirect effects of accident risk
on quality of life. These might include extra time and
stress for non-motorists in negotiating city streets, or
the time cost to parents who feel it is necessary to
drive children to school because it is too dangerous
for them to walk, along with the additional externali-
ties caused by the resultant extra traffic.

Efficient pricing would in theory mean creating a
market in the various forms of damage, so that suffer-
ers from noise, air pollution and so on could seek
direct recompense from those who cause it. In the
case of road congestion, the most efficient solution
would probably be for roads to be managed and oper-
ated in competition with one another and with other
transport modes, with universal road pricing. Such a
solution is unworkable in many circumstances, how-
ever, and monopoly management of roads is likely to
remain the most common approach,

In practice, externalities exist because of the dif-
ficulty in creating efficient markets, but government
policies can have somte of the effects of markets. The
appropriate level for efficient taxes to internalise
externalities would be the marginal externality caused
by each individual road user. Determining this is,
again, almost impossible. Damage from air pollution,
for instance, varies according to the location of the
polluticn source, the time of day, the weather and the
extent to which property and ecosystems are exposed.
Thus, externality estimates tend to be based on very
crude averages, or are extrapolated from a very few
precise evaluations for particular circumstances.

The average external cost of an activity is obtained
by dividing the total damage caused by the level of
activity. The marginal cost is obtained by dividing the
cost associated with a small increase in activity by the
size of that increase. Marginal cost pricing is often
advocated as the most economically efficient approach
to managing the use of a common good or service.
Pricing below the marginal cost implies a subsidy from
society at large to users of the good or service.

Economists usually argoe that the revenue from
environmental taxes should be used wherever it would
achieve the greatest benefit to the economy — reducing
taxes clsewhere or increasing public expenditure.
Thus, individuals whose welfare is reduced because of
environmental damage would not necessarily receive

9. The point here is that queuing is commeon in many types of market, and is not usually used as an argument for government inter
vention. Congestion pricing is justified on the grounds of economic efficiency, rather than on the grounds of the éxistence of an externality.




compensation unless this were seen by the government
as a priority in itself. Indeed, governments might
choose to return the tax revenues to taxpayers, includ-
ing to those causing the damage through reductions in
other taxes, if this were seen to be the most economi-
cally efficient use of the revenue. This approach may
make sense if the taxes reflect damages to true public
goods. However, many of the externalities assoclated
with transport are in fact associated with damage to
private goods for which property rights are well estab-
lished (e.g. personal health and property).
Compensation could normally be sought through
normal damage claim procedures, enforced by the
legal system. Nevertheless, these externalities persist
because of the large transaction costs that would be
involved for a very large number of individuals, each
seeking small amounts of compensation from a large
number of road users. In principle, intemalising those
extemnalities would mean ensuring that compensation
is paid, although in practice it may often be impossible
to distribute compensation payments fairly.

The authors of the OECD case studies found it
difficult to identify robust estimates even of the
damage costs associated with air pollution and noise.
Thus, the French study relied on estimates of control
costs rather than damage costs for both air pollution
and noise, while the Japanese study adapted air pollu-
tion externality estimates per vehicle-kilometre that
had been developed for Germany. Governments wish-
ing to introduce road user charges aimed at internalis-
ing exiemnalities are likely to have trouble finding
externality estimates that are generally accepted.

The case studies consider different ranges of
externalities. All three considered externalities associ-
ated with accidents, air pollution, noise and climate
change. The French study also included congestion,
while the Japanese study included habitat loss. The
U.S. study drew on literature sources (in particular
MacKenzie et al., 1992) covering a very wide range
of social and environmental costs.

3.5.2  Environmental effects of externality charges

The French and Japanese studies both look at the
impacts of measures to reduce or internalise externalities.
3.5.2.1 Effects of fuel taxes

Fuel taxation is often discussed as a crude means
of reflecting the externalities of road use to drivers, for
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some of the same reasens (partly convenience, partly
because fuel use is related to the amount of road use)
that governments frequently collect road funds
through fuel taxes. However, externalities do not
reflect direct budgetary costs to governments and the
argument for increasing taxes to address them is
weaker than that for collecting road funds. Some of
the externalities discussed above — those associated
with climate change, depletion of resources and secu-
rity of oil supply — can be efficiently internalised
through fuel taxes. The others might be more efficient-
ly reduced or internalised through measures such as
congestion pricing, increased insurance premiums and
standards or charges for air pollution and noise.
Effects on habitats and communities might best be
addressed through changes in transport system design.

The French case study notes the political difficul-
ty in raising fuel taxes sufficiently to internalise costs,
and their ineffectiveness in reducing externalities
other than climate change. Orfenil (1997} roughly
estimates that raising fuel taxes to reflect all externali-
ties would increase fuel prices by about 50%, and
reduce traffic and most externalities by about 15%
(greenhouse gas emissions would be reduced by about
35%). Michaelis (1996), using a simple model of
transport volume and energy use, finds about a 10%
reduction in car traffic and a 6% reduction in freight
traffic resulting from a similar fuel tax increase.

The Iapanese case study evaluates the effect of
fuel tax increases only, in a partial equilibrium model
of the road transport sector (i.e. increasing fuel tax
rates results in reduced driving, and hence lower
requirements for government expenditure and
reduced externalities). The study finds that raising
fuel taxes to a level that results in total government
revenue equalling government expenditure plus total
externalities results in a CO; emission reduction in
2010 of 11% or 29 million tonnes. Michaelis (1996),
using the same externality estimates, finds a COz
emission reduction of about 15% in cars and 20% in
trucks. Fuel tax increases in France to reflect the
externality estimates by Orfeuil (1997) would result
in CO, emission reductions of a similar order of mag-
nitude to those in Japan (Michaelis, 1996). In the
United States, where fuel prices are much lower than
in the other two countries, the CO, emission reduc-
tion caused by externality adders might be expected
to be about double that in France or Japan.

The reduction in CO; emissions caused by fuel tax
increases derive, in the long term, roughly half from
reductions in driving and half from reductions in




energy intensity (Michaelis, 1996). Thus, externalities
associated with traffic might be reduced by a fuel tax
about half as much as the CO, emissions. On the other
hand, externalities associated mainly with urban traffic
(the majority) would be reduced less than this: fuel
taxes generally have less etfect on urban traffic than on
rural traffic, as urban traffic is more constrained by
congestion and the availability of parking spaces. For
example, NOVEM (1992) finds in the Netherlands that
a 30% fuel price increase would reduce urban traffic by
4.8% but overall national traffic by 7.1%.

3.5.3  Effects of other means of reducing
and internalising externalifies

While externality adders in fuel taxes would
probably be an effective means of achieving quite
large greenhouse gas emission reductions from the
rransport sector, other measures might be more effi-
cient in reducing the broad range of externalities.

The French case study develops a “synthesis sce-
nario” relying more on a combination of measures
targeting the various externalities directly:

—  Four new measures generate additional rev-
enue: parking fees in towns, taxation on
employer-provided parking, suppression of
parking spaces in city centres and reduction
of tax exemptions related to travelling to
work by car.

—  Progressive increases in investment in noise
protection result in a one-third reduction in
noise exposure.

— Introduction of routine vehicle emission
inspections, and an obligation on owners to

ensure that their vehicles meet the emission
standard under which they were licensed, is
assurned to reduce emissions by 15% and
fuel consumption by 5% (through improved
engine maintenance).

- Withdrawal of the 50% reduction in the
annual licence fee for vehicles over five
years old, with the increased revenue being
used to reduce taxes on low-income house-
holds, is assumed to increase the rate of car
scrapping, especially for vehicles that cannot
meet emission standards and require exten-
sive maintenance work. The result is a fur-
ther 35% reduction in urban pollution.

— A mix of measures to improve road safety —
including restricting use of the most dangerous
vehicles to very experienced and safe drivers,
increasing road patrols and investing in safety
measures — reduces accidents by 24%.

Public income increases by 8% compared to the base
case, with most of the increase coming from light vehi-
cles in towns. Overall, these measures reduce urban
traffic by 11%. Expenditure requirements decrease rela-
tive to the base case because of the urban traffic reduc-
tion, but this is offset by an increase in spending on
measures 1o reduce noise and accidents. Overall, public
sector outlays decrease marginally (by 0.5%) relative to
the base case. The overall effect of these measures on
road transport externalities can be seen in Table 3.2.

While these results are largely a matter of expert
Judgement, the indication is that greenhouse gas emis-
sions might be reduced substantially, althcugh not as
much as they might be if fuel taxes were used as the
only measure to address externalities. On the other
hand, most of the non-climate externalities are

Table 3.2: External costs (high estimates) of road transport in France, 2010

Base Case Synthesis Case Difference

(billion $) (billion $) _ (%)
Noise 3.83 2.58 -33
Pollution 4.54 3.18 * -30
Greenhouse gas 5.59 4.94 -12
Accidents 9.77 6.75 -31
Congestion 5.37 4.60 -14
Total 29.10 22.05 -24

Source: Orfenil, 1997




reduced by substantially more than the 10-15% that
might have been obtained through a fuel tax increase
to incorporate externality adders.

Most of the policies included in the “synthesis sce-
nario” are designed to reguce, rather than internalise,
externalities, While the package of measures does
result in an increase in the marginal cost of road use,
this is mainly through an ‘elimination of tax expendi-
tures rather than through -efficient measures to price
externalities. The study suggests that, as the externali-
ties are reduced but not internalised or eliminated
through this package of measures, there might still be
an argument for introducing a fuel tax increase similar
to that investigated in the last section. Such an increase
would further reduce total externalities by about 10%.

3.6  Economic impacts and implementation issues
The political feasibility of policy reform is likely
to depend largely on whether reforms are consistent
with a broad range of policy objectives — in particular
objectives related to the economy as a whole, to social
equity, to international trade and to the environment.

The role of the transport sector in the economy is
poorly understood. It is clear that transport of people
and goods plays a key role in the functioning of local,
national and international markets for labour, land, raw
materials, intermediate goods and products. This role is
rarely captured in economic models: transport is usual-
ly incorporated as a cost, sometimes as a contributor to
personal welfare, but rarely, if ever, as factor of pro-
duction. The effect of transport efficiency on the cost
and availability of the full range of traded goods and
services is poorly understood, much less modelled.
Similarly, the negative effects of transport on quality of
life, communities and the environment are poorly
understood and are not incorporated in macroeconomic
models. All these gaps in understanding of the sector
make it difficult to provide a theoretical evaluation of
the economic and social consequences of subsidy
reform or of internalising externalities. Democratic
processes, informed by theory and also by empirical
case studies, may have a stronger role to play in evalu-
ating transport sector policy.

3.6.1 Fuel tax increases

Economic analysis of the direct effects of gaso-
line taxes frequently indicates a negative impact on
consumer surplus and GDP because of their effects on

household consumption (e.g. Koopman, 1995; Boyd
and Un, 1994; DRI, 1997&). The ability to respond to
taxes by changing patterns of vehicle use varies
among households, with high-income, multiple-car
households having the greatest flexibility (Walls et
al., 1993). Opponents of fuel tax increases often argue
that they would be regressive (i.e. would increase
inequity in wealth distribution). Equity effects are
likely to differ among countries. Several studies indi-
cate that gasoline taxes would be regressive in the
United States, but progressive in Europe (Fisher et al.,
1996}. This depends on the distribution of car owner-
ship and car use across income groups as well as the
level of access to alternative means of transport.

Any possible economic costs of increased gaso-
line taxes might be counteracted, at feast in part.
Regressive effects can be countered by using tax pro-
ceeds to increase transfers to low-income households
or to improve provision for public and non-motorised
transport; broader effects on the economy might be
positive for certain uses of the revenue — e.g. to
reduce tax rates for low-income households, stirulat-
ing employment. However, governments considering
increasing fuel taxes clearly need 10 assess their
national situation and consider the effects of different
uses of the revenue.

Diesel taxes have long been kept low in many
countries because of the potential negative effects of
higher taxes on users of diesel — mainly commercial
transport operators, especially freight companies, and
the industries that depend on them for goods trans-
port. Diesel fuel prices have been found to have an
effect on the total volume of goods transport (IEA,
1994¢), although the effects are small and often
unmeasurable. To the extent that increased diesel tax-
ation leads to less goods transport, there is likely to be
an effect on patterns of production. A doubling in
diesel price could increase the cost of production in
the short term by an amount of the order of 1%,
affecting national competitiveness where the tax
increase is unilateral. In the long term, shifts in trans-
port and location patterns might largely compensate
for this. Meanwhile, if diesel users are paying less
than their share of road costs and are causing a large
proportion of the external costs of road use, introduc-
ing charges to address these costs would be expected
to have beneficial effects for aggregate welfare.

Where the additional tax revenue is used to
reduce general income taxes, the measure may have
negative effects on low-income houscholds and
industrial output. On the other hand, if the revenue




from full cost transport pricing is targeted on these
areas, it may be possible to achieve net benefits.

3.6.2 Internalising externalities

Although none of the OECD case studies provides
a macroeconomic evaluation of the effects of internal-
ising externalities, some observations can be made,
based on what might be expected in theory. Reducing
and internalising externalities may lead to reductions in
GDP, as consumer expenditure is diverted into emis-
sion control technologies, and as car and truck access
to city centres is restricted, impeding access to jobs and
shops, On the other hand, aggregate welfare should, in
principle, increase, although estimating this effect
would depend on having a metric for “green” GDP or
welfare that incorporates externalities.

It is also possible that GDP could increase as a
result of internalising externalities, where the effect is
to stimulate certain industries, such as those that pro-
duce pollution control equipment, or to stimulate new
patterns of urban development and technical change.
This seems improbable from a neo-classical economic
perspective, which tends to the assumption that the free
market is naturally the most efficient state for the econ-
omy. But viewed from an evolutionary economics per-
spective, changes in regulation and other constraints on
the market may stimulate innovation and growth.

Although regulations and other measures to
reduce externalities are often considered inefficient
compared with charges to reflect externalities, gov-
emments of OECD countries have often found regula-
tions to be more politically feasible than charges.
There are some good reasons for this. First, regula-
tions may be easier to implement than charges related
to vehicle emissions and other externalities. Second,
environmental regulations may be more costly than
charges, but they are usually formulated to encourage
firms to invest in clean, up-to-date technology when
economic and investment cycles permit, increasing
the value of their assets. Environmental charges, con-
versely, show up as an ongoing increment in variable
costs even during downward swings in the economic
cycle, and are thus a greater threat to firms’ survival.
Third, the objective of a regulation is usually fairly
obvious, whether to reduce emissions or noise, or to
improve safety or the pedestrian environment,
Environmental and other charges may serve these
same objectives, but they also raise revenue for the
government, and this can lead to mistrust on the part
of those who have to pay them.

A full understanding of the economic, equity,
trade and environmental effects of the range of mea-
sures considered here would depend on more careful
analysis. This might partly involve detailed modelling
of alternative options, including measures more care-
fully targeted on specific road users and externalities,
The effects of this type of measure might be evaluated
in a general equilibrium or macroeconomic simula-
tion model with detailed input/output representation
of industrial sectors, in particular the motor industry.
An additional approach that might be more fruitful in
the short term could involve assembling more case
study information on countries that have adopted dif-
ferent combinations of policies, or have undertaken
changes in transport policy.

3.6.3  The role of local government
in internalising externalities

Internalisation policies may sometimes be more
feasible for local governments than national govern-
ments. This may be partly because local authorities —
especially urban authorities — more directly represent
the groups that suffer external costs, and partly because
the major lobby groups that tend to oppose internalisa-
tion policies are more consistently effective at the
national than at the local level. The most common mea-
sures used by local authorities are charges for parking
and tolls for using infrastructure where there are few
access points, such as bridges and tunnels. Technical
developments make it increasingly feasible for local
authorities to consider road pricing where charges are
linked to the distance travelled on congested roads, or
cordon charges on entering or leaving a particular zone.
Cordon charges, the most feasible form of road pricing,
have so far been applied in only a very few cities,
notably Bergen, Oslo and Trondheim in Norway, as
well as in Singapore. Road pricing based on distance
travelled (i.e. implying continuous or frequent electron-
ic monitoring and payment} has not been attempted
except on an experimental basis.

Road pricing schemes have been considered and
abandoned, or at least 'postponed, in numerous cities,
including  Cambridge (W.K.), Bonn/Cologne
(Germany) and Hong Kong. These cases illustrate the
potential barriers to road pricing which include:

—  national laws that prevent local governments
from charging for road use;

— differences in policy objectives between dif-
ferent parts of government (e.g. road authori-




ties may see roag pricing as a means of rais-
ing road-building funds, while city councils
see it as a means of regulating traffic);

the technical difficulties and expense involved
in installing a reliable and efficient system;

popular opposition to the charges;

- opposition to accounting systems that keep
track of individuals® movements,

The introduction of full cost pricing through user
fees is likely to depend on a number of innovations to
overcome such barriers, and others, at the local level.
These might include developments in:

Institutions: It may be necessary to develop
new approaches (o negotiation and discus-
sion between local, regional and national
government agencies; it may also be neces-
sary to find new ways to involve the public
in decision-making;

Technology: While road pricing technologies
have been demonstrated, the only technolo-
gies that are in commercial use are automatic
toll-collection systems. Continuous charg-
ing, charging related to vehicle emissions,
and charging related to the actual congestion
level have been tested but not implemented.

Individual/Community Behaviour: Individuals
play an important part in new local policies,
through their voting behaviour, responses to
consultation, and also through their direct
responses to the measures. The success of
measures may depend on individuals® accept-
ing that the externalities being addressed are
sufficiently important to warrant the charges.

There are so far relatively few examples of
national approaches to encourage local internalisation
initiatives. The U.S. federal government’s programme
to implement the Intermodal Surface Transportation
Efficiency Act contains many innovative elements but
has not yet been in place long enough to have a clear
picture of its effectiveness. Nevertheless, ISTEA has
already stimulated and funded a large number of local
projects including some evaluvations of road pricing
schemes. The European Commission’s Green Paper,
The Citizen’s Network, (EC, 1996b) proposes a net-
working approach to promote innovation and best
practice in public transport, also contains many ele-
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ments that could contribute to the development of
local internalisation policies.




Chapter 4

Conclusions

he OECD project on “Environmental
TImplications of Energy and Transport Subsidies”

was initiated with the primary aim of identifying
“win-win” opportunities where removing subsidies
would offer benefits for both the economy and the
environment. The project case studies have identified
many “win-win” opportunities, but they have also
demonstrated that it is not possible to generalise about
the effects of removing any type of subsidy. These
effects will depend on local and national circum-
stances, including the full range of policy reforms that
might accompany the removal of a subsidy.

4.1 Environmental effects of policy reform

The case studies have identified substantial
opportunities to reduce environmental impact through
policy reform. Key areas include:

— Removing coal producer grants and price
supports (including market entry barriers and
preferential conditions in ESI regulation and
financing): such a reform appears from the
OECD case studies to offer a large potential
for greenhouse gas mitigation, of the order
of hundreds of miilions of tonnes of CO; per
year by 2010. This type of reform is also
likely to offer considerable benefits in
reduced acid gas emissions and reduced
impacts of coal mining.

—  Removing sales tax exemptions for electrici-
ty (and other energy forms): this option

appears to offer a small potential for GHG
mitigation, less than a million tonnes of CO;
per year by 2010 in the case studies where
the issue was examined.

—  Eliminating ESI obligations and subsidies to
supply remote areas: this option appears
from the case studies to offer 2 smail poten-
tial for greenhouse gas mitigation, perhaps in
the region of a million tonnes of CO, per
year by 2010 in the countries studied,

— Removing electricity subsidies for energy-
intensive industries: again, this option
appears to offer a small greenhouse gas miti-
gation potential, perhaps in the region of a
few million tonnes of CO; per year by 2010.

— Introducing or increasing road user fees to
reflect the costs of road construction and
maintenance, and road services provision.
Such fees could reduce peak traffic and its
environmental impact by around 10% in
North America.

— Introducing a range of measures to reduce
and internalise the externalities of road use.
Measures considered in the case studies
could reduce many environmental and other
effects by 30% or more.

Overall, the case studies find greenhouse gas mit-
igation opportunities in the region of 400-500 million
tonnes of CO, in 2010, while SO, and NO, emissions




together could be reduced by around 2 million tonnes
per year in the countries studied. Reductions in coal
consumption by around 100-200 million tonnes per
year would mean lower local environmental effects of
coal mining. These include damage to ecosystems and
disruption of human communities, soil and ground-
water pollution with heavy metals and chlorine, and
release of radioactive material and particulates. The
reduction in environmental damage as a result of
reforming subsidies is likely to be larger in the longer
term, as removing market distortions leads to changes
in investment in energy and transport infrastructure,
with increasing effects on patterns of use.

Although the environmental effects of removing
some types of support appear large in absolute terms,
the proportional reductions are quite small. The CO;
emission reductions mentioned above represent about
3% of total FCCC Annex I country emissions project-
ed by the IEA for 2010. The SO, and NO, emission
reductions represent about 5% of power station acid
gas emissions in the OECD in 1990. The largest
effects come from removing support to polluting
activities and from introducing new measures (o
reduce environmental damage or to internalise its
costs. Some of the case studies find that environmen-
tal controls and charges are made more cost-effective
by removing support to polluting activities.

While some of the policy reforms considered in
the case studies may be a step in the direction of
environmental sustainability, none of the case studies
developed a scenario of policy reform that could be
described as achieving environmental sustainability.
Reforms in the electricity sector seem likely to
favour the use of natural gas in CCGT in the short
term in many countries. It is not known how long a
greatly expanded role for natural gas could be main-
tained. Meanwhile, burning natural gas does produce
pollution, albeit less than that produced by burning
coal. A large-scale transition to renewable energy
sources would be unlikely unless the externalities of
fossil fuel use were considered to be in the upper
range of those identified in the current set of case
studies, and addressed through policies to reduce or
internalise them. Similarly, a transition to environ-
mentally sustainable transport systems would depend
on much stronger policies than those considered in
this study. As the French transport case study notes,
externality valuations are liable to increase in the
future as incomes rise in OECD countries; such an
increase in externality valuation might imply that
governments would be more able to take action to
address the externalities.

4.2 Feasibility of reform

The environmental benefits listed above are
linked to the reform of support whose value to its
recipients may be of the order of $100 billion. Those
who would lose these benefits are likely to oppose
reform. Governments introducing policy reform will
need to consider stakeholder interests carefully, and
may need to provide support during the period of
transition. One way of doing this is to convert less
obvious support such as tax expenditures and market
barriers, to direct subsidies. This can help clarify the
benefits at stake and facilitate a more open political
discussion of any subsequent reform.

Since any process of policy reform is liable to be
opposed by groups that expect detrimental effects for
themselves or others, this study places particular
emphasis on the need to address the concerns of such
groups and to identify approaches to reform that offer
soctal and economic benefits as well as mitigating
greenhouse gas emissions. The OECD case studies
offer few answers in this area, and considerable addi-
tional work is needed by national governments in
assessing their own paths for any policy reform.

Subsidies and support are provided at many dif-
ferent levels of government. In some federal countries,
the national government may have little jurisdiction
over energy policy in states or provinces. In these cir-
cumstances, the main role for national government in
policy reform may be to improve the quality of infor-
mation on state policies and market conditions, and to
help states reassess of their policies.

The level of support to road users and the extent
of transport externalities vary widely within coun-
tries, especially between rural and urban regions.
Thus, there is a good argument for placing a strong
emphasis on the role of local governments in trans-
port policy reform. In addition to being better able to
deal with specific local problems, local governments
may be more able than national governments (o
experiment with new approaches, and to avoid strong
political opposition from lobby groups that wish to
preserve existing supports. :

4.3 Overcoming barriers,

The role of international organisations in relation
to national governments may be similar to that of fed-
eral governments in relation to states. Based on the
results from the case studies, the following factors




appear important in attempting to understand whether
a country’s coal- and electricity-related policies are
likely to increase greenhouse gas emissions:

construction and operating costs of different
types of generating plant in the country,
including the costs of the various forms of
energy available;

the level of direct financial support to coal
and electricity production;

direct financial support to electricity con-
sumers;

trade policies for fuels or equipment used in
electricity generation or for electricity;

price regulations and support, including con-
trols on procurement of fuels and equipment;

investment conditions for the ESI.

It might be possible to build on existing databases and
experience developed by the IEA, OECD and Energy
Charter Secretariats.

The European Conference of Ministers of
Transport is developing and improving on its
database of Member couniry transport policies and
financial and other statistics related to the transport
sector. The extension of such work to non-ECMT
countries might be one way to improve on the quality
and availability of information in this sector.

4.4 Methodologies

This project set out with an additional aim of
evaluating methodologies that could be used to assess
the effects of removing subsidies. Again, it is not pos-
sible to provide a strong recommendation for any par-
ticular methodology, based on the case studies.
However, it is possible to suggest that there is value in
using more than one approach to consider any given
sitwation: different models and sets of assumptions
may produce different results, helping to identify key
elements in the implementation of policy reforms.

4.5 Further work

The case studies have identified some issues that
could not be explored in depth in the course of the
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project, but that might be considered in future work
by the OECD and others, and should certainly be con-
sidered in any national analysis. These include:

the economic effects of different approaches to
recycling subsidy reductions in the economy;

employment and equity effects of different
approaches to policy reform, including, for
example, the effects on employment in other
sectors of reducing subsidies for coal mining;

the significance of some of the less quantifi-
able environmental effects of policy reform
— in particular, effects on land use, habitats
and biodiversity of changes in coal produc-
tion patterns and changes in road funding.

Finally, it is perhaps worth noting that most of
the case study results summarised in this report derive
from modelling studies of hypothetical sitnations. The
best way to understand the effects of policy reform is
likely to be through observation of reform that has
actually occurred. This is increasingly a practical
undertaking as governments report on policies and
their effects to international bodies such as the FECCC
and ECMT. It is to be hoped that in future efforts to
analyse the effects of policies, analysts will have an
increasing wealth of informaticn on which to draw.
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Glossary .

AGR

Annex | Countries/Parties

CSE

EJ

ESI

FCCC

FGD

GJ

hhv

Ihv

LNB

MJ

Mtce

Mtoe

PM

Advanced gas-cooled nuclear reactor.

Countries or Parties listed in Annex I of the FCCC. The countries
include all OECD Europe countries, central and eastern European
countries, including Russia, Ukraine and Belarus, as well as
Canada, the United States, Japan, Australia and New Zealand. The
“Furopean Community” is also listed.

Consumer subsidy equivalent: a measure of the total support pro-
vided to consumers of a commodity in the form of government

grants, tax expenditures, and price controls.

Exajoule: 10 joules. A unit of energy equivalent to 1055
quadrillion Btu.

Electric supply industry; includes generation, transmission, distri-
bution and sales.

The UN Framework Convention on Climate Change. The conven-
tion aims for the stabilisation of greenhouse gas concentrations in
the atmosphere at non-dangerous levels. Parties listed in Annex I
of the convention have agreed to introduce policies and measures
aimed at returning greenhouse gas emissions and absorption by
sinks to 1990 levels by 2000. Annex I Parties have also agreed to
find means of strengthening their commitment under the conven-
tion by late 1997.

Flue gas desulphurisation.

Gigajoule: 10° joules. A unit of energy equivalent to 1.055 million Btu.
Higher heating value. The specific heat of combustion of a fuel
including the heat of vaporisation of the water produced on com-

bustion.

Lower heating value. The specific heat of combustion of a fuel minus
the heat of vaporisation of the water produced on combustion.

Low NO, burners.

Megajoule: 10 joules. A unit of energy equivalent to 1055 Btu.
Million tonnes

Million tce

Million toe

Particulate matter.
(..}
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PSE

PWR

SCR

tce

toe

VAT

Producer subsidy equivalent: a measure of the total support pro-
vided to the producers of a commodity in the form of government
grants, tax expenditures, and price support whether imposed
directly or through market protection.

Pressurised water-cooled nuclear reactor.

Selective catalytic reduction (a NO, emission control technology).
Tonne of coal equivalent. | tce = 29.5 GJ.

Tonne of oil equivalent. 1 toe = 41.868 GJ.

Value added tax
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Climate Change Implications of
Eliminating-U.S. Energy Subsidies

Michael Shelby, Robert Shackleton, Malcolm Shealy

and Alexander Cristofarol

5.1 Introduction

In recent years, concern over energy-related
environmental problems has prompted a reassess-
ment of U.S. governmental policies that, one way or
another, encourage overconsumption and overpro-
duction of energy. The energy sector contributes to a
variety of environmental problems, including local
air and water pollution and solid waste contamina-
tion, but recent concern has focused most heavily on
the potential influence of energy use on the global
climate. Fossil fuel energy use is responsible for at
least 60% of the anthropogenic greenhouse gas
{GHG) emissions that trap solar radiation in the
earth’s atmosphere and could lead to significant cli-
mate change?, Reducing energy use should therefore
be a vital component of any strategy designed to
reduce the likelihood of climate change and promote
sustainable environmental objectives.

In the past, assessments of subsidies have focused
mainly on the narrow trade-off between the goals of
economic efficiency and equity concerns. From an
economist’s point of view, energy subsidies tend to
distort the allocation of resources by reducing energy
prices below market levels, thus encouraging overuse
of energy. In assessing whether subsidies are desir-
able, efficiency losses need to be balanced against
social objectives such as distributional impacts or
public goods considerations. As climate change miti-
gation and sustainable development become increas-
ingly important goals, policy makers will have to
factor these emerging environmental problems more
prominently into public policy decision making.

It may be attractive to reduce or eliminate energy
subsidies, for a variety of reasons, e.g. to yield envi-
ronmental benefits, improve the budgetary position of
the government, and possibly improve overall eco-

1. Michael Shelby is Acting Director of the Energy and Transportation Sectors Division, Office of Policy Development, U.S.

Environmental Protection Agency (US EPA). Rabert Shackleton is an economist in the Energy and Transportation Sectors Division.
Maicolm Shealy is a Senior Analyst at Decision Focus Inc. Alex Cristofara is Deputy Director of the Office of Policy Development.
We wish to thank Denny Ellerman, Jon Kessler, Bruce Schillo, Richard Geottles and Susan Haltmaier for their help. The views
expressed in this paper are those of the authors and do nat represent the views of the US EPA. The study summarised here has
been published as “The Climate Change Implications of Eliminating U.S. Energy and Related Subsidies”, in volume 1 of
“Environmental implications of Energy and Transport Subsidies™, OECD/GD{97)154, OECD, Paris.

2, Since the onset of the industrial revolution, fossil fuel combustion and land use changes have increased atmospheric
€Oz concentrations by about 25%. Half of the increase has occurred since 1970, as developed countries continue their heavy
reliance upon fossil fuels and the developing countries — particularly China and India ~ undergo rapid industrialisation. Even with
accelerated improvements in energy efficiency, continued fossil fuel use could lead to a doubling of atmospheric carbon by the
second half of the next century. Although scientists have not established a firm, direct link between increased atmospheric CO5
and higher temperatures in this century, considerable research suggests that a doubling could raise global average temperatures
by 1.5° tg 4° C, with potentially widespread ecological and econemic consequences.
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nomic welfare. Furthermore, eliminating energy sub-
sidies may help achieve two of the publicly
announced goals of the Clinton Administration: sta-
bilising GHG emissions at 1990 levels by 2000 and
paring down the Federal government’s budget deficit.

In this paper, we focus on the GHG reductions
that would result from eliminating Federal energy sub-
sidies, while also estimating the economic implica-
tions of such a policy shift. To help policymakers
factor emerging environmental considerations into
existing efficiency and equity calculations, we attempt
to rank subsidies in terms of their associated emissions
per dollar of subsidy. This allows for explicit acknowl-
edgement of the multiple trade-offs in achieving vari-
ous environmental and alternative social goals. We do
not attempt to quantify the long run economic benefits
of mitigating climate change nor to evaluate the full
multimedia environmental impacts of policy options.

52 What is an energy subsidy?

Studies in the existing literature arrive at
startlingly divergent measures of the extent to which
the energy sector is subsidised in the USA, from as
little as $5 billion economy-wide to as much as $174
billion in the transportation sector alone. The diver-
gences stem mainly from differences in definition,

The textbook definition of a subsidy is relatively
straightforward: “a transfer of economic resources by
the government to the buyer or seller of a good or ser-
vice that has the effect of reducing the price paid,
increasing the price received, or reducing the cost of
production of the good or service”. Nevertheless in
practice it is quite complicated to enumerate and mea-
sure the extent of subsidies that affect the market for
any particular commodity. A thorough taxonomy of
subsidies would include:

— policies that transfer resources through
market prices (e.g. price regulations, govern-
ment procurement policies, import tariffs,
non-tariff trade barriers);

— direct transfers (e.g. direct grants or pay-
ments to consumers or producers, or the pro-
vision of inputs at below-market prices);

— tax policies {e.g. tax credits, exemptions,
deferrals, exclusions and deductions, invest-
ment expensing, accelerated depreciation, or
other preferential tax treatment);
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— policies that reduce input costs {e.g. prefer-
ential loans, loan or liability guarantees,
indirect expenditures such as research and
development); and

- provision of infrastructure and subsidies to so-
called “complementary goods™.

These classes can overlap, as two simple exam-
ples show. First, investment tax credits or deductions
can serve to reduce capital input costs in the power
sector. Second, provision of infrastructure can be
thought of as reducing input costs (e.g. having a Coast
Guard reduces the risk — and thus the cost — of ship-
ping petroleum products) or as a subsidy to a comple-
mentary good (e.g. construction of highways makes
road transportation less expensive).

The last type of subsidy presents particularly
thermy analytic problems in attempts to measure the
size of subsidies that affect the energy market. Energy
is used in conjunction with many other goods and ser-
vices. These complementary goods may also be sub-
sidised, and such indirect subsidies (those outside of
the energy sector) can boost the demand for energy
just as surely as do energy-specific subsidies.

In the transpertation sector, for example, cur-
rently onty about 75% of highway construction and
maintenance costs are covered through user fees
{for example, fuel taxes, vehicle excise taxes,
license and registration fees, tolls). The remainder
is paid for out of general revenues raised by pro-
cesses unrelated to driving. These arrangements
amount to a large subsidy for road users, who in
response drive more and consume more fuel than
they otherwise would.

In addition to energy-specific and indirect subsi-
dies, some observers contend that subsidies also
“exist whenever the Government fails to implement
programs that internalise uncontrolled environmen-
tal costs in energy markets”. That is, if the consump-
tton [or production] of a good imposes
environmental damages that affect a third party, the
failure of the government to impose fines or taxes
that require the consumer [producer] to internalise
the costs imposed on others constitutes a form of
subsidy to the consumer {producer].

Fossil fuels contribute to many different kinds of
pollution throughout their extraction, refinement,
transportation, combustion and disposal. It is
extremely difficult to evaluate and quantify all their




environmental effects. Even when the nature and
extent of these damages can be accurately deter-
mined, they can be very hard to place a dollar value
on. Hence a failure to price a fuel at its full social cost
is very difficult to quantify.

While we recogm’se¥ that incorporating all
environmental externalities into energy prices may well
have profound implications for the energy sector, our
goal in this paper is to develop estimates only of the
climate change impacts of eliminating a reasonably
weli-defined set of conventional subsidies to the energy
sector and a few of the largest indirect subsidies,
namely in the transportation and housing sectors.

53 Existing studies of energy subsidies

Two major recent studies, ome by the U.S.
Department of Energy and one by the Alliance to
Save Energy, have sought to quantify the extent to
which the United States energy sector is subsidised at
the federal level®. The studies are difficult to com-
pare for several reasons. First of all, they examine
different years (1989 versus 1992), during which
somewhat different policies were in place. Second,
each presents a range of estimates on the extent of
subsidies, which makes dissecting the full set of indi-
vidual subsidies difficolt. Third, they call attention to
somewhat different sets of subsidies, and reasonable
arguments can be made against the inclusion or
exclusion of some of the items on each list.

The Department of Energy (DOE) study estimates
that total federal subsidies to the energy industry in
1992 amounted to between $4.9 billion and $14.1 bil-
lion — 1% to 3% of the $475 billion worth of energy
consumed that year. The low end limits the definition
of an energy subsidy to direct Federal expenditures in
the energy sector that actually show up in the Federal
budget (e.g. grants, tax credits, loan guarantees,
research and development expendituyes). The high
estimate is the sum of all energy-specific subsidies
referred to in the study, including many that only indi-
rectly affect the budget. This number is not actually

cited anywhere in the report, but can be derived from a
careful reading of the text. {See Box 5.1 at the end of
this chapter for a catalogue and reconciliation of the

energy subsidies listed in these studies.)

5.3.1 Direct tax expenditures

The largest direct expenditure cited by the
Department of Energy study is the Low Income
Home Energy Assistance Program (LIHEAP), which
spends $1.1 billion annually to help poor households
purchase fuels for heating and cooling. DOE also
counts some $2.1 billion in tax deferrals, credits,
deductions, exclusions and exemptions; the largest,
the percentage depletion allowance, provides a more
favourable alternative to standard cost depreciation in
expensing properties containing energy Tesources.
This provision of the tax code was initially enacted
during World War I to encourage development of
petroleun for the war effort*. Also counted is the
Alternative Fuel Production Credit, which subsidises
the production of gasohol ($670 million annually).

5.3.2 Direct taxes

The government levies significant excise taxes
on energy sources to support a variety of trust funds
for various responsibilities that are conventionally
considered public. The largest, the Transportation
Trust Fund, funded mainly through an excise tax on
motor vehicle fuels, is used principally to construct
and maintain highways. Of $23 billion in total rev-
enues in 1992, about $3 billion was siphoned off to
general revenues rather than being directed to high-
way construction or maintenance. In the Department
of Energy estimates, this $3 billion is deducted from
the total subsidy figure.

5.3.3  Research and development

Federal research and development (R&D) spend-
ing can be considered a subsidy since it may help

3. To our knowtedge, no one has quantified energy subsidies at the state and local level, although the Alliance recently
published a study of this issue. One obvious example is energy conservation activities subsidised by “demand-side manage-
ment” programs adopted by State Public Utility Commissions, which the DOE predicts will account for $4 billion in annual expen-

ditures by 1997.

4, It is often noted that once a subsidy is incorporated into the tax code it is almost impossible to eliminate due to lobby-
ing by interest groups that receive the benefits. While this observation may be generally true, there are cases where energy sub-
sidies have been phased out or eliminated, For example, despite intense pressure from the oil and gas industry, the percentage
depletion allowance has been scaled back from $4 billion in 1983 to about $1 biltion today.




lower industry production costs eventually by leading
to technological advances. For example, government-
funded research on technologies to convert coal into
petroleurn or synthetic gas could lower the cost of
such technologies and lead to the development of a
viable synthetic fuels industry in the USA,

Energy-related R&D  expenditures in 1992
totalled roughly $2.5 billion. R&D expenditures for
particular energy types included $0.9 billion for
nuclear power development, $0.5 billion for ceal and
less than $0.5 billion each for oil, gas, shale oil,
renewables and conservation. The net impact of all
these expenditures on GHG emissions is unclear.
Those for coal, oil and shale are likely to reduce the
quantity of fuel needed to deliver a given quantity of
useful energy, but are also likely to increase the
demand for the fuel, leading to an overall ambiguous
effect on GHG emissions. Natural gas combustion
produces GHG emissions, but substitution of natural
gas for coal or oil reduces emissions. Nuclear power,
conservation and renewables R&D promotes the
development of low-ecmission energy sources.

5.3.4  Subsidies not directly related
to federal budget

The subsidies listed above constitute the “low-
end” DOE estimate. In addition, a wide variety of
other subsidies can be included in a “high-end” DOE
estimate. The largest ones are those that the Federal
government provides to the public power sector by
maintaining a legal, financial and tax environment that
lowers electricity prices to consumers. According to
DOE, these subsidies total about $5.1 billion a year.

Government agencies or co-operatives provide
roughly 24% of all electricity sold in the USA. The
best known of these are the Power Marketing Agencies
(PMAs), such as the Tennessee Valley Authority and
the Bonneville Power Administration. The PMAs
borrow money from the Treasury Department at low,
Iong-term Treasury interest rates. They can amortise
their loans over many years, thus keeping low-interest

loans on their books®. The total value of subsidies to
PMAs is estimated by DOE at $2.2 billion®,

The Rural Electrification Administration, recent-
Iy renamed the Rural Utility Service (RUS), was cre-
ated in the Depression to raise the productivity and
standard of living in rural states; it provides loans at a
2% interest rate. The value of this provision is rough-
ly $1.2 billion. Publicly owned utilities receive low-
interest funding through access to tax-exempt
municipal bonds, a provision worth $1.7 billion.

The Price-Anderson Act (1959) reduces nuclear
power production costs by lowering insurance pre-
miums. It placed a limit of $560 miltion on the lia-
bility of an individual nuclear power plant for
damages due to one accident. Congress raised the
limit to $7 billion in 1988. A study by Durbin and
Rothwell has calculated the total value of the sub-
sidy at $3 billion annually even with the 1988
amendments.

In the Alliance study, the estimates of energy
subsidies are $7 billion to $21 billion larger than
DOE’s, ranging from $21 billion to $36 billion. The
main reason the Alliance calculations are so much
larger is that the definition of subsidies is broader. In
some cases, the Alliance enumerates subsidies that
seem rather clearly to be energy subsidies but are not
discussed in the DOE report; in other cases, it lists
subsidies that are only tenuously related (o the energy
sector or that have been eliminated.

The Alliance enumerates $2.2 billion to $2.5
billion more than DOE in Federal government
expenditures for the provision of infrastructure that
benefits the energy sector, including almost $800
million for surface mine reclamation, nearly $500
million in export subsidies by the Export-Import
Bank and some expenditures by government agen-
cies that only tangentially affect the energy industry,
such as the Coast Guard, which presumably oversees
waterborne fuel shipments (5484 million). The
Alliance also lists $1 to $3 billion more in tax
exemptions and exclusions than DOE. Some of

5. For example, the Bonneville Power Administration depreciates generation assets over 85 years and transmission

assets over 45 years.

8. The are three methods of estimating the extent of public power subsidies: budget costf' market price and historical
cost. The simplest is the budget cost method, which compares Federat revenues and outlays in a current fiscal year. This may
give misleading results since it makes no allowance for recovery of past capital outlays. The market cost method compares the
price of gavernment sales of electricity to the price in market; the extent of the subsidy is the difierence. In some cases a com-
parable market price does not exist, necessitating the use of the historical cost method, which calculates the price that would
fully cover the costs of producticn. The figure given in the text is based upon the market cost method.«




these, such as tax exemptions for seaports, are per-
haps somewhat questionable.

The Alliance study enumerates some $408 to
$700 million in general Federal tax revenues directed
to energy-specific trust funds, such as those for nucle-
ar waste disposal or oil spill liabilities. The Black
Lung Disability Fund is designed to compensate
miners who retired before 1970, or in cases where no
mine operation can be assigned responsibility.
Although coal producers have contributed to the fund
through excise taxes, their contributions have fallen
short of program payments. The difference between
outlays and excise taxes collected represents a subsidy
to the industry. The Alliance study does not include
the roughly $3 billion from energy excise taxes that
goes to general revenues and thus constitutes a nega-
tive subsidy. In addition, the Alliance apparently
attempts to measure the cost of government-provided
uraninm enrichment services, estimating it on a histor-
ical cost basis, at $0.5 billicn to $1.2 billion.

Two of the largest subsidies listed by the Alliance
are $2.8 to $9.8 billion in accelerated cost recovery of
energy-related capital stock and $800 million to $1.2
billion in general investment tax credits. Since the
energy sector is so capital-intensive, roughly one-
fourth of all the credits were applied to energy-related
capital. Both provisions were greatly reduced by the
Tax Reform Act of 1986. Due to the transitionat
(though long-lived) nature of these benefits, these tax
provisions still had a large impact on energy markets in
1989, the year of the Alliance assessment. Yet inclu-
sion of these two items in the summary of subsidies
may be misleading, overstating the size of subsidies
that are subject to policy manipulation or reform, since
they have already been eliminated from the tax code.

The DOE study does not count the $2.1 billion
Strategic Petroleum Reserve (SPR) as a subsidy to
the energy industry, while the Alliance does. Filling
the SPR increases petroleumn demand and probably
increases domestic petroleum prices and boosts
domestic producer sales as a consequence. On the
other hand. it could be argued that the SPR has a

broader societal benefit of helping to insure against a
sudden disruption in international petroleum mar-
kets, thus keeping prices somewhat lower in the long
run than they would be otherwise. The same argu-
ments could be applied to the Naval Oil Shale
Reserves Program, but its net economic and emis-
sions impacts are even more difficult to calculate
than those of the SPR.

5.4 Environmental impacts of subsidy removal

To quantify GHG emissions impacts from the
removal of energy-specific subsidies, EPA commis-
sioned two studies employing different modelling
tools: Gemini, a model developed by Decision Focus
Inc. (DFT) for EPA and the Jorgenson-Wilcoxen-
Slesnick  (J-W-S) model, developed by Dale
Jorgenson Associates (DJA). Gemini attempts to sim-
ulate perturbations to the energy sector, while J-W-§
examines the impacts of a policy change economy-

wide, as well as in the energy sector’.

DFI found several interesting resuits. First, only
13 of the 46 energy subsidies identified raise GHG
emissions; the rest focus upon nuclear energy, renew-
ables and energy conservation, all of which decrease
emissions. Nevertheless, as a general rule the largest
subsidies are those that increase GHG emissions.

Figure 3.1 shows the potential impact of elimi-
nating eight of the subsidies that one might expect to
have the largest influence on carbon emissions. The
DFI analysis shows that the largest impact on emis-
sions comes from: eliminating low interest loans to
the RUS; withdrawing the tax exempt status of
municipal utilities (Mun Elec); requiring existing coal
firms to fully support the Abandoned Mine
Reclamation Fund (Abandon Mines); removing the
percentage depletion allowance (Dep Allow); and
requiring existing coal firms to fully support the
Black Lung Trust Fund (Black Lung).

The other subsidies seem to be of little impor-
tance from a carbon point of view. Even though the

7. There are many different economic models used to simulate the impacts on GHG emissions of alternative policy
options. Energy sector models, of which Gemini is one, use process or econometric analysis to model conversion technologies in
great detail, and focus upon equating supply and demand in a large number of specific energy markets. These models capture
extensive detail on avaitable technologies and the dynamics of adjustment and the turnover of long-lived assets; producer and
consumer behavior are constrained from optimal response strategies (i.e. expectations are adaptive). The JW-S model falls into
the class called computable generat equilibrium (CGE) models. It is a disaggregated, econometrically estimated, intertemporal
assessment of the whole U.S. economy, with an embedded energy sector. Expectations are formed based upon perfect foresight.
CGEs tend to be predictive of the long-run respanse to a policy change.




Figure 5.1: Emissions reductions from individual subsidy removal
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favourable financial treatment of PMAs is the largest
public power subsidy, climinating it has very little
impact on carbon emissions: much of the power gen-
erated by the PMAs comes from hydro and nuclear
sources. {In contrast, the RUS is heavily coal-domi-
nated. Elimination of I.LIHEAP also has a negligible
emissions impact, as does elimination of DOE’s coal
conversion R&D program ($50 million), which helps
foster technologies to convert coal into petrolenm or
synthetic gas, and its oil R&D programs.

Figure 5.2 presents the consequences of eliminat-
ing the $9.4 billion in energy subsidies that increase
GHG emissions®. DFI concludes that “after 2015, the
elimination of subsidies prevents the growth in total
carbon emissions. The overall impact on methane
emissions is similar.” These results suggest that while
the impact of subsidy removal is modest in the near
term, implementing this pelicy could play a signifi-
cant and growing role in climate change mitigation in
the longer run, after 2010. DFI concludes that “the
reduction of GHG emissions is a small percentage of

total emissions...total U.S. carbon emissions are
reduced by only two percent in the year 2035,
Nevertheless, the absolute reductions are still signifi-
cant: roughly 12 million metric tonnes (MMT} in
2010 and 46 MMT in 2035."

By way of comparison, D, W. Jorgensen
Associates estimates that total subsidies to the energy
sector are $15.4 billion (including subsidies to non-
carbon energy sources)’. The elimination of these
subsidies results in reductions in carbon emissions
that average between 4.0% and 4.4% annually from
1990 to 2050. This translates into emission reductions
of 64 MMT in 2010. In the J-W-S model, carbon
emissions ultimately stabilise on their own by 2050
without policy intervention, growing by 14% in the
process. The removal of subsidies contributes an esti-
mated 30% of the total reduction required to achieve
stabilisation. ’

One interesting and surely controversial result
from DJA is the consequence of eliminating subsidies

8. LIHEAP, subsidies to synthetic fuels, the percentage depletion allowance, subsidies to the Black Lung Trust Fund and
the Abandoned Mine Reclamation Fund, the coal conversion R&D program, and public power subsidies. See Box 5.1 for details.

9, The major difference between the DFI estimate of energy subsidies that cause GHG emissions and the DJA estimate of
total U.S. energy subsidies is the inclusion of the Price Anderson Act ($3.0 billion) and the DOE R&D Budget ($2.5 billion).




Figure 5.2: Carbon reductions from direct subsidy removal
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to carbon-reducing energy activities (conservation,
renewables and nuclear power). The result is a small
but beneficial effect upon carbon emissions, because
eliminating these subsidies has two effects — a scale
and a substitution effect — which work in opposite
directions on carbon emissions. The scale effect
causes energy prices in general to rise, which lowers
energy consumption and reduces carbon emissions.
There is also substitution within the energy sector
towards more carbon-intensive fuels, which increases
emissions. The J-W-S model estimates the scale
effect to be greater than the substitution effect.

The J-W-S§ model also permits estimation of the
economy-wide implications of a policy change. The
choice of how to redirect revenues is an important
determinant of the economic consequences of subsidy
removal. Economic performance as measured by
GNP is enhanced when the additional government
revenues are applied to reducing taxes on capital
income. This option favours capital formation at the
expense of consumption, thereby boosting output.
GNP and real income are 0.2% higher as a conse-
quence!? (see Figure 5.3).

The economy also benefits if revenues are used to
reduce the marginal rate on labour income. The change

2015 2020 2025 2030 2035

in the tax system raises the opportunity cost of consum-
ing leisure, thereby inducing workers to supply more
labour and produce more output. The fact that workers
spend the increased income mainly on consumer goods
(rather than saving it) dampens the effect on growth
compared to the case in which capital taxes are
reduced. GNP is only 0.1% higher as a consequence.

The econemy suffers if energy subsidy elimina-
tion is offset by a cut in average income tax rates.
Households spend their higher income on consump-
tion, while the supply of labour is left unchanged.
Output falls by roughly 0.3% relative to the base case.

5.5 Phasing out indirect energy subsidies

5.5.1 Transportation

Indirect subsidies outside the energy sector —
particularly in the transportation sector — also spur
carbon emissions and energy use. The transportation
sector represents roughly 30% of U.S. energy
demand and 35% of US. GHG emissions.
Transportation is the fastest growing source of GHG
emissions in the USA and perhaps the most difficult
source to control from a political standpoint.

10. As currently structured, the JW-S model assumes that all policy actions are undertaken in a revenue-neutral fashion.
Thus, it cannot estimate the impact of policy changes upon the Federal government's budget deficit.




Figure 5.3: Impacts on GNP from subsidy removal with different revenue recycling mechanisms
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Injtiatives in this sector account for only 7% of the
reductions outlined in the President’s Climate
Change Action Plan announced in October 1993.

Road transportation, which accounts for 80% of
transportation sector energy use, is subsidised from
construction to end-use. The Federal Highway
Administration (FHWA) annually publishes figures
on roadway receipts and disbursements from all
levels of government. In 1991, total receipts for
highway expenditures (net of bond proceeds and
reserve funds) were $78.3 billion. While most
Americans believe their roads are fully financed
through gas taxes and tolls, these sources accounted
for only $59.1 billion (75%) of the total. The
remaining $19.2 billion (25%) was raised from rev-
enue sources unrelated to transportation (FHWA,
1993). Internalising this subsidy to drivers through a
gasoline tax could reduce carbon emissions by
roughly 20 MMT in 2000 and 33 MMT in 2010. The
average gasoline tax required to achieve this goal
over this period is roughly $0.15 per gallon. Less
driving would also reduce the costs of road construc-
tion and maintenance over time.

Subsidisation of transportation is also provided
for in the Federal government’s tax code. Section
132(f) of the Internal Revenue Code defines “quali-
fied transportation fringes”, or employee transporta-
tion benefits exempt from all forms of income tax.
Employer-provided parking benefits are tax-exempt
up to $155 per month per employee (the limit affects
almost no parking)!!. By some calculations,
American business spends about $52 billion per year
on employee parking. Recent surveys confirm that
nearly all employers who offer parking do not
charge employees for its use. In all, perhaps 75 to 85
million Americans receive free parking at work.
These practices are encouraged by local zoning laws
that typically require the provision of excess parking
at employment sites. The direct tax subsidy associat-
ed with these expenditures is about $19 billion per
year, probably larger than total direct energy subsi-
dies in the USA'Z,

The section 132(f) subsidies are even more pow-
erful than the tax numbers would suggest. The tax
code stipulates that these exemptions apply only if the
benefits are provided by the employer (as opposed to

B3

11. Section 132(f} aiso exempts employer-provided transit or van-pool subsidies up to $60 per month per employee, but

these exemptions are new and not yet heavily utilised.

12. Calculated by multiplying total employer expenditures on employer-provided parking, assuming zero receipts from
employees, by an average marginal effective tax rate on income of 36.5%. *
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purchased in the market by employees) and only if the
benefits are not provided in lieu of any salary or other
compensation option. With these restrictions, the code
in effect subsidises parking and other transportation
benefits only where no other option is offered.

Given the magnitudeuof these subsidies (particu-
larly the parking exemption), it is surprising how
few authors have written on the topic. Donald Shoup
(1992 and forthcoming) describes the parking
exemption and its impact, as does the National
Academy of Sciences report “Curbing Gridlock”
(1994). According to Shoup, for the city of Los
Angeles, the parking subsidy is equivalent to 11
cents per mile travelled (assuming an average round
trip to work of 36 miles, and an average parking sub-
sidy of $3.87/day). By way of comparison, the cost
of gasoline for the same trip would amount to 5
cents per vehicle mile.

One innovalive option for eliminating parking

_ subsidies proposed by Shoup is called parking cash

out. This would transform a tax subsidy narrowly tar-
geted at employer-paid parking into a powerful
reward for commuters to ride transit, carpool, or find
other means of commuting. Employees given free
parking at work could retain the parking space or
accept the cash allowance equal to the market cost of
the parking space. The cash reward is considered tax-
able income, so cashing out would generate tax rev-
enues, which -can be used to help reduce the
government’s budget deficit. We estimate that if busi-
nesses offered employees the option of a cash pay-
ment of equal value to the parking subsidies, U.S.
carbon emissions would decline by 14 MMT in 2000
and by 17 MMT in 2010. Eliminating the subsidy
entirely would reduce carbon emissions by 22 MMT
in 2000 and by 27 MMT in 2010'3,

Parts of the budgets of two Federal agencies, the
Coast Guard and the Army Corps of Engineers, sub-
sidise particular transportation modes, thus acting as
indirect subsidies to the energy sector. According to
the Alliance, a variety of Coast Guard operations,
such as aid to navigation, ice operations and marine
safety operations, reduce the costs of waterbome

shipments of energy, principally coal and oil. This
total subsidy is estimated at $485 million annually.
Similarly, the Army Corps of Engineers builds and
maintains ports, harbours and the inland water trans-
portation system. Much of this spending primarily
benefits cil and coal producers, who are bulk users of
waterborne transport. The Alliance estimates the total
value of Army Corps of Engineers services that sup-
port the energy sector at roughly $617 miilion annual-
ly. Financing these programs with user fees would
raise the costs of transporting oil and coal, increasing
the prices for these fuels and lowering carbon emis-
stons. DFI estimates that eliminating both these subsi-
dies would reduce carbon emissions by 2.5 MMT in
2010 and 6.3 million MMT in 2035.

Many authors have applied a more expansive
definition of subsidy to the transportation sector.
Mackenzie et al. have attempted to value the “full
social cost” of driving in “The Going Rate: What It
Really Costs To Drive”. This study defines two kinds
of social costs: market costs reflected in economic
transactions; and external costs, which are not reflect-
ed in the marketplace. Subsidies in the market cost
category include not only government-inspired trans-
fers to drivers, but also private sector subsidies. In
addition to the government tax breaks and construc-
tion subsidies described above, several other types of
transportation expenditures could be considered sub-
sidies because users do not pay for them directly: val-
idated parking at shopping malls, company cars, and
the full value of employee parking.

Somewhat farther afield are the external costs of
transportation-related energy use. Damages from
conventional air pollution (such as smog) from driv-
ing are estimated at $10 billion annually (French,
1988). Using a cost of control methodology'?, cli-
mate change impacts are estimated at $27 billion
annually. Noeise pollution from driving is estimated
to inflict $9 billion in lost property values to non-
drivers every year.

Since half of the oil imported to the USA from
the Persian Gulf is used in road transportation,
Mackenzie et @l. allocate half of U.S. military expen-

13. In these estimates, we assume that the total cost of driving is $0.02/mile, the value of the employer-provided parking
per month is $50, the average commute round-trip is 22 miles {as opposed to 37 miles in Los Angeles) and the elasticity of vehi-

cte miles travelled with respect to price is -0.15.

14, Mackenzie et al. tock estimates from the literature of the carbon tax necessary to reduce GHG emissions by 20% from
their 1990 levels. The cost estimates cited here are the likely impact such a tax would have in the transportation sector.
Mackenzie et al. {1992), The Going Rate: What It Really Costs To Drive, World Resource Institute.




ditures in the Gulf — roughiy $50 billion annually — to
drivers. Deaths and injuries of pedestrians and bicy-
clists from automobile accidents are valued at $39 bil-
lion. In 1988, 14.8 million motor vehicle accidents led
to 47 000 deaths and five million injuries. Pedestrians
and bicyclists accounted for 17% of motor vehicle
fatalities. External costs catalogued in “The Going
Rate” totalling $135 billion are described as subsidies
to driving, and indirectly to energy, resulting from
government’s failure to enact programs to ensure the
internalisation of costs.

While most authors agree that transportation is
subsidised, they differ on the net impact of subsidisa-
tion on energy consumption. “The Replacement of
Transportation Subsides with Optimal Highway
Pricing and Investment”, prepared by DRI/McGraw-
Hill, compares the current practice of highway
finance with an economists’ optimal scheme in
which highway costs to users are equal to the
marginal costs of building and operating the roads.

Highway costs are basically determined by road
width and road thickness. Road width is a function of
demand, and is best paid for by peak-period charges.
Road thickness and damage costs are a function of the
damaging power of each vehicle, and are best
financed through a tax on axle-loadings for trucks.
(The pavement damage caused by cars is trivial)
Thus, an optimal scheme would replace most current
financing, including gasoline tax financing, with a
combination of congestion and axle-load fees. The net
energy impacts of such a change have not been well
studied. The DRI paper makes the important point
that, because road costs do not correlate to gasoline
consumption, gasoline taxes are not necessarily an
efficient solution to transportation subsidies.

5.5.2 Housing

The residential sector accounts for roughly 10%
of all energy use in the USA, Compared to other
countries and adjusted for climate, U.S. residents use
more energy per household but roughly the same
amount of energy per square foot of space. Many
individuals have hypothesised that favourable tax
treatment of housing in the USA increases the
demand for residential energy. For instance, Gentry
writes that “the link between the housing stock and
energy demand is direct: housing services are pro-
duced by combining houses and residential energy.
With over 50% of the U.S. capital stock devoted to
housing, even a small interaction between fax treat-
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ment of housing and energy demand could induce
large changes in energy use”.

Housing receives favourable tax treatment in
three major ways: 1) for homeowners, imputed rents
are not taxed and mortgage interest and property taxes
can be deducted from income; 2} for rental property,
landlords benefit from accelerated depreciation; and
3) the corporate income tax induces investment in
non-corporate assets, such as housing, rather than cor-
porate assets. The total value of these subsidies is
estimated at roughly $95 billion in 1994.

Gentry estimates that elimination of all forms of
preferable treatment for housing would increase the
average price of housing by roughly 23%. This figure
represents the difference between the tax treatment of
residential housing and corporate assets. Most of the
tax advantage is due to corporate tax policy. If only
the deductibility of mortgage interest and property tax
from personal income were to be eliminated, the
amount of the subsidy would fall to 7.4%.

There are two effects from a change in the price
of housing. First, less housing is purchased, causing
energy demand to decrease. Second, less energy capi-
tal is used such as energy-efficient design, which
increases energy use. The first effect dominates the
second so that total energy use (i.e. for heating and
cooling) in the residential sector is decreased.

According to Gentry, counting all forms of
preferential tax treatment of housing results in a
6.8% reduction in energy use. Eliminating the
deductibility of mortgage interest and property
taxes, which amounts to only a fraction of the
favourable tax treatment of housing, reduces
residential energy by 2.1%.

Genltry’s figures are based upon the total cnergy
reduction when all the housing stock has been
replaced. But any policy shift would affect only
newly constructed or future housing stock. Taking
into account the rate of turnover in the housing stock,
elimination of all housing subsidies would reduce res-
idential energy demand in 2010 by only 1.5%, caus-
ing carbon emissions to fall by 5 MMT. Eliminating
the deductibility of mortgage interest and property
taxes would cause energy use in the residential sector
in 2010 to fall by only 0.5%, resulting in a less than 1
MMT reduction in carbon emissions. Thus, the cur-
rent pattern of housing subsides, large as they may be,
does not appear to have significant impacts on energy
usage patterns or U.S. greenhguse gas trends.




Table 5.1: Carbon reductions per value of subsidy and carbon reductions in 2010

Tons of Carbon Reduced Carbon Reductions
/$000 of Subsidy Removed in 2010 (MMT)
Energy-Specific i
Limit low interest loans to RUS i3 39
Withdraw tax-exempt status of municipal utilities 1.5 25
Remove percentage depletion allowance 1.1 1.1
Eliminate favourable tax treatmnent of JPMAs 0.2 04
Require existing coal firms to pay for black lung 0.8 09
User fees for abandoned mine reclamation 2.3 2.0
Non-Energy-Specific
Eliminate parking subsidies 1.4 27.0
Eliminate housing subsidies negligible 50
Full funding of highways 1.7 33.0
Charge Coast Guard/Army Corps users full cost 23 25

5.6 Conclusion

For a variety of reasons, many of the energy sub-
sidies examined in this paper have been in place for
years or even decades. Many subsidies have been
established to achieve a perceived common good;
others have been promocted by groups that benefit
from their existence. Once in place, subsidies
become very difficult to remove if they continue to
provide benefits to anyone. The adage that “an old
tax is a good tax” applies just as well to subsidies.
For example, nuclear power was going to be “too
cheap to meter” in the late 1950s and early 1960s,
and it was thought that government had a role to play
int its commercialisation, both through R&D expendi-
tures and through restricting liability from accidents.
The Black Lung fund was established to provide
health benefits to disabled miners whose former
employers could not be held liable for job-related
disabilities. Building the interstate highway system
was thought to be a way increase mobility, bind the
USA together and promote nationhood, even though
it would increase the use of energy.

Nevertheless, energy subsidies need to be re-
examined in light of the increasing need to recognise
and accommodate environmental constraints such as
the potential for climate change. Taken together, the
studies discussed in this paper clearly show that phas-
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ing out or eliminating energy subsidies can play a sig-
nificant role in achieving the climate change goal of
reducing GHG emissions (see Table 5.1). A key
advantage of a policy shift that causes energy subsi-
dies to be reduced is that it also holds the promise of
improving economic performance as measured by
conventional output measures such as GNP. If the
revenues freed by the elimination of subsidies were
channelled toward policies that encourage capital for-
mation or labour supply, the economy would grow
both faster and in a more environmentally sustainable
fashion than it would otherwise.

Reducing subsidies outside the energy sector,
particularly in the transportation sector, appears to
have the largest potential for emission reductions.
Requiring drivers who use parking and highways to
pay the full cost of these services could significantly
cut the growth in carbon emissions in the transporta-
tion sector over time.

Somewhat surprisingly, limiting the favourable
treatment of housing does not appear to have a signif-
icant GHG benefit from the standpoint of energy used
for home heating and cooling. Largely this is because
this subsidy can only influence the stock of new hous-
ing, which turns over slowly. What remains unknown
is whether a more dispersed pattern of land use is
encouraged by the favourable tax treatment of hous-




ing, and whether this pattern in turn causes more
energy use and GHG emissions from vehicular travel.

Another way to look at the equity-environment
trade-off is to evaluate which subsidies, when
removed, will achieve the highest emissions benefits
per dollar of subsidy removed. Table 5.1 attempts to
rank the subsidies whose elimination would lead to
the largest GHG reduction. As can be seen, some of
the electricity subsidies have the largest associated
GHG benefits per dollar of subsidy removed, fol-
lowed by the indirect transportation subsidies. Full
funding of highways and elimination of parking sub-
sidies yield relatively high emission reductions per
dollar and large total emissions reductions overall.
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Box 5.1: Reconciliation of Estimates of Federal Energy Subsidies

The following table shows the various estimates of Federal energy subsidies referred to in the text,
reclassified using the taxonomy from Putnam, Hayes and Bartlett also referred to in the text. The first
column, “DOE/EIA ‘Direct’”, shows the official estimate presented in the first chapter of EIA’s Federal
Energy Subsidies: Direct and Indirect Interventions in Energy Markets. This estimate involves all energy
subsidies in the energy sector that can be traced to the Federal budget. The second column, “DOE/EIA
‘High'”, is a compilation of all of the subsidies enumerated in the text of the DOE/EIA report. The third
and fourth columns, “Alliance High” and “Alliance Low"”, show the subsidy estimates presented by the
Alliance to Save Energy in Federal Energy Subsidies: Energy, Environmental and Fiscal Impacts. The
fifth, “DJA”, lists the subsidies included in the Jorgenson Associates study; the sixth, “DF1", lists those
included in the DFI study. Both.the DJA and DFI studies draw closely from the DOE/EIA report; the DFI

study examined only those subsidies that raise GHG emissions.

Federal Energy Subsidies: Reconciliatlon of Estimates

{Millions of 1992 $)

DOE/EIA DOE/EIA Alliance Alllance Jorgenson DFt
“Direct” “High" Low High
TOTAL 4 879.9 14 111.2 212310 36 074.2 15 444.9 9 385.7
DIRECT TRANSFERS 28423 1280.3 2 865.8 3928.8 1477.3 1172.0
Grants 147713 14773 .1613.0 1513.0 14773 11720
Low Income Home Energy ‘
Assistance Program (LIHEAP} 1477.3 1477.3 1513.0 1 513.0 1477.3 1172.0
Provision of Energy Services 1 365.0 (197.0) 13528 2415.8
TAX POLICIES (572.0) 1859.0 8 840.0 19 568.1 5011.0 4 059.0
Tax Credits 1275.0 1275.0 1212.7 2716.6 1275.0 -
Tax Exemptions 285.0 1 965.0 2589.2 33443 1 985.0 1 700.0
Pubtic Power Facilities' Bonds - 1680.0 11375 13875 1700.0 1700.0
Tax Deferrals {35.0} {35.0) 130.6 15.8 {35.0) -
Preferential Tax Rates 10.0 100 . . 10.0 .
Tax Exclusions & Deductlons 1025.0 1025.0 925.0 22874 1 025.0 1025.0
Percentage Depietion Allowance 1025.0 10250 925.0 22874 1025.0 10250
Accelerated Depreclation (Residual) - - 28304 97816 - -
Trust Funds & Exclse Taxes (3132.0) {2381.0) 11521 14224 751.0 1174.0
Excise Taxes to General Revenues {3132.0) {31320} - - -
SSA Black Lung - 831.0 892.0 892.0 831.0 831.0
Other - - - - - 160.0
POLICIES THAT REDUCE INPUT
COSTS 44.0 62264 2176.8 44718 62264 3 226.0
Federal Rlsk Assumption - 3 000.0 832.0 29473 3 000.0 -
Loans & Guarantees 44.0 3226.4 13448 15243 32264 3 226.0
Power Marketing Associations - 20264 - - 20264 2026.0
Rural Utility Service .
Interest Rate Subsidies - 1200.0 11232 1183.9 1 200.0 1200.0
INDIRECT EXPENDITURES 2 565.6 4 7455 7348.4 8105.7 2730.2 928.7
Provision of Infrastructure 523.0 5452 45251 5133.6 231.2 878.7
Surface Mine Reclamation 108.0 108.0 878.7 878.7 108.0 878.7
Strategic Petroieum Reserve - - 1736.7 2061.9 - -
Research and Development 2042.6 4 200.3 28233 29721 2499.0 50.0
Nugiear ‘ 889.5 16542 1428.2 14259 11595 -
Coal 4725 4725 462.6 611.7 472.5 50.0
Qit Gas & Unallocated Fossit 174.5 174.5 2259 225.9 174.5
Renewables 243.6 243.6 468.5 468.5 2417
End-Use 262.5 2625 240.1 240.1 258.8 -
Other - 1393.0 - - 191.0 -
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Chapter 6

Greenhouse Gas Impacts of
Russian Energy Subsidies

E. Gurvich, A. Golub, A. Mukhin, M. Uzyakov, M. Ksenofontov.1

6.1 Energy subsidies evaluation

This report summarises the results of an analysis
of energy subsidies in Russia and an evalvation of
their impact on emissions of greenhouse gases (GHG)
and other pollutants?. Since Russia is in the midst of
major economic reforms that have brought about
important shifts in the types and extent of energy sub-
sidies in the economy, the analysis examined the issue
from the pre-reform period through the present.

During the era of central planning, the Soviet
economy was generally characterised by a pattern of
resource-intensive development and a policy of set-
ting relatively low prices for raw materials and
energy. The largest explicit energy subsidies were
budget subsidies to the coal industry, amounting to
roughly 6 billion roubles in 1990, or 0.9% of GDP.
Even more important, however, were the implicit
subsidies resulting from price controls designed to
keep domestic energy prices lower than international
prices. In the case of pre-reform Russia, comparison
of domestic and international prices is complicated
by the fact that the nominal rouble/dollar exchange
rate was set at an arbitrarily low level and did not
reflect real purchasing power parity (PPP). We sup-
pose that comparisons based on PPP exchange rates
are more revealing, as they show fuel prices relative
to those of other goods.

The figures presented in Table 6.1 indicate that in
1990, domestic fuel prices in Russia were 2.5 to 3
times lower than in the USA, and 3 to 3.5 times lower
than in OECD countries. Ignoring gasoline, the gap
between Russian and international household energy
prices was even larger than the gap between industrial
prices (see Table 6.2).

Low energy prices contributed to the resource-
intensive pattern of economic development in the
former USSR, but were not the only or even the most
important factor. Low energy prices and low energy
efficiency were only one aspect of an economic
systemn that was wasteful of all resources. The biases
of central planning led to a failure to maintain rates of
technological development comparable to the devel-
oped market economies, and a tendency to maintain
obsolete equipment past its economic lifetime. Both
of these tendencies contributed to high levels of
industrial pollution. The magnitude of the gap
between the central planning and market systems can
be appreciated by comparing energy use and pollution
levels. Estimates made for this study show that pro-
duction of the same final product in Russia uses 90
per cent more energy than in the UK., and 2.5 times
more than in the USA. This situation is aggravated by
obsolete equipment that does not meet pollution stan-
dards. If equipment comparable to standard U.S. or
U.K. technology was adopted, the joint impact of

1. Other contributors to the study include: G. Hughes, K. Lvovsky, A, Gorman (Werld Bank), R. Shackleton (US EPA), and

N. Korobova (Market Problems Institute).

2. The complete study has been published as “Greenhouse Gas Impacts of Russian Energy Subsidies”, in vol. 1 of
“Environmental Implications of Energy and Transport Subsidies”, QECD/GD(97)154, OECD, Paris.
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Table 6.1: 1990 energy prices for industry in Russia, OECD countries and the USA

(1990 dollars)
Russia (PPP exch. rate) OECD USA
Steam coal (t.} 18 61 37
Gas (1000m?) 35 115 99
Crude oil® (t.) 40 128.7 127.6
Gasoline (1.} 0.20 0.50 0.31
Electricity (100 kWh) 2.3 7.1 4.8

Source: Estimates based on RF Ministry of Energy reports and [EA Statistics (“Energy Prices and Taxes”).

Table 6.2: 1990 household energy prices in Russia, QECD countries and the USA

(1990 dollars)
Russia (PPP exch. rate*) OECD USA
Gasoline (1) 0.31 0.50 0.31
Gas (1000m®) 43 295 208
Electricity (100 kWh) 2.3 10.2 7.9

Source: Estimates based on RF Ministry of Energy reports and IEA Statistics (“Energy Prices and Taxes”).

increased production efficiency and compliance with
tighter emission standards could cut total CO; emis-
sions by half, and emissions of other compounds by
two-thirds to four-fifths.

Since the initiation of economic reforms in 1992,
government energy policy has been changing contimy-
ously. Both prices and trade are gradually being liber-
alised, though some regulations are still in effect.
Prices for crude oil, petroleum products and coal were
liberalised in several stages during 1992-1993. Power
prices are still controlled, but the regulation authority
has been partly decentralised and delegated to special
regional boards that include representatives of pro-
ducers, consumers and local authorities, Gas prices
formally remain under the control of the central gov-
ernment, but the monopoly producer “Gazprom”
exercises significant independent control. Oil exports
were constrained by quotas until 1995, when they
were abolished. However, throughout the period, oil
exports have been subject to export duties imposed to
cover the gap between domestic and world market
fuel prices (particularly large in 1992-1993), These
export dutics amounted to 20 ECU/tonne for oil in

3. Average import prices for the first half of the year.
4, PPP for consumer markets

mid-1995. The development of real fuel prices is pre-
sented in Figure 6.1.

Taken together, these results suggest that
market reforms are leading to a gradual decrease in
energy subsidies. By 1995, the lion’s share of subsi-
dies to industrial users had been eliminated.
However, efforts to remove subsidies have been far
from straightforward, and there is little assurance
that the energy prices attained through these efforts
will be sustained. For this reason, 1994 relative
energy prices were used as a benchmark for the esti-
mations in the analysis presented here. There still
remain substantial subsidies in parts of the energy
sector, notably in the coal industry and in the house-
hold sector. All houschold energy prices have
dropped significantly in real terms since 1990. In
particular, natural gas prices for households fell by
a remarkable 94%.

More specifically, there were four main types of
energy subsidy in Russia in ]1990-1995:

— large direct budget subsidies for coal;




Figure 6.1: Real fuel prices in Russia
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financed in part from local government bud-
gets, and in part by other users through
cross-subsidies;

restraints on domestic oil prices in the form
of export quotas and duties, which helped
maintain low relative energy prices for
domestic users compared to the world
market; and,

use of oil and gas export revenues to cross-
subsidise heavily undervalued domestic oil
and gas supplies,

Defining unsubsidised price levels required a dif-
ferent approach for each fuel. The subsidy-free price
levels for exported goods such as oil and gas were
estimated on the basis of net-back prices. It was
assumed that converting border prices from dollars to
roubles using the purchasing power parity (PPP) level
rather than the current nominal exchange rate would
produce more accurate estimates. This approach uses
relative world market prices as a baseline, and
assumes that the exchange rate converges with the
PPP level in the long run. According to our estimates,
the 1994 PPP exchange rate was 2.23 times higher
than the nominal level, and 1.61 times higher in 1995,

The unsubsidised prices for refinery products
were estimated by comparing the cost of unsub-
sidised crude oil supplies with the prices of import-
ed oil products. Projected prices for coal were
derived from their asswmed proportions to gas
prices, since gas is a close substitute for coal. For
electric power, subsidy-free prices were defined on
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with unsubsidised fuel inputs.

Subsidy-free prices for households were calculat-
ed by summing energy prices for industrial users, dis-
tribution costs, and value added tax. Tables 6.3 and
6.4 summarise our estimates of unsubsidised price
levels for all fuels.

The analysis described here focused primarily on
the subsidies enjoyed by energy consumers. To get a
general idea of the scale of these subsidies in Russia,
we compared the costs of fuels supplied to domestic
end-users at the actual rouble prices effective in
1994, with the subsidy-free prices estimated above.
Similar estimates were made for 1990 (the same
approach was used to define unsubsidised energy
prices). The volumes of energy demand assumed in
the calculation of these estimates referred to the cor-
responding years. It was found that the average ratio
of unsubsidised to actual prices, weighted by final
use of various fuels, was 215% in 1990 and dropped
to 179% in 1994, This fact, together with the decline
in energy demand resulted in a significant reduction
(roughly 30%) of total energy subsidies in constant
prices, as evidenced by the figures in the third and
the last columns of Table 6.5.

As shown in Table 6.5, the analysis of implicit and
explicit subsidies in energy prices revealed that energy
subsidies for end-users in the Russian Federation
totaled 8.4% of GDP, both in 1990 and in 1994 (GDP
decreased by 29 per cent in PPP terms over the same
period). However, the structure of energy subsidies
changed to an important degree during this period. The
share of energy subsidies allocated to the residential




1 Table 6.3: Estimated unsubsidised energy price levels for industry
‘ (1990=100%)

1994 (actual) 1995 2000 2005 2010
Crude oil 187% 247% 279% 299% 327%
Petroleum products 156% 196% 185% 175% 168%
Natural gas 128% 196% 212% 236% 263%
Coal 161% 246% 246% 246% 275%
Power 188% 238% 250% 258% 272%

Table 6.4: Estimated unsubsidised household energy prices
(1990=100%)

1995 2000 2005 2010 ;
. * Gasoline 112% 105% 100% 96%
! A Natural gas 244% 264% 295% 328%
N Steam coal 330% 330% 330% 369% ' ‘
‘ 2 Electricity 412% 414% 419% 428% |
Heat 3 625% 3 645% 3 687% 3 764%
; Power 48R 491% 496% 507%

competition. Production using the more efficient tech-

nologies is characterised by lower resource intensity \
and lower emissions. During the adjustment period, ,
‘old” and ‘new’ equipment operate in parallel (it is
assumed that ‘new’ capacities are used first, while
residual output is provided from the ‘old’ equipment).

’ sector grew dramatically, as household energy prices
: dropped (in real terms), and those for industry rose. The
i residential sector received only 27% of energy subsidies
in 1990; by 1994 it enjoyed as much as 65% of overall
i energy subsidies. Once converted to dollars using the
i nominal exchange rate and adjusted for Russia’s share

of overall energy use in the former USSR, the resulting

total subsidy value is roughly consistent with the USSR
estimates made by B. Larsen and A. Shah®.

6.2 Long-term projection model and scenarios

This analysis of the long-term impacts of elimi-
nating energy subsidies and implementing various
environmenta! policies was undertaken using an eco-
nomic simulation model developed by Gordon Hughes
of the World Bank’s Environment Department. The
model allows for the gradual substitution of outdated
technologies by more efficient modern technologies as
industry tesponds to market reforms and increased

Performance of the ‘old’ technologies is characterised
by the input-output matrix constructed for the 1990
Russian economy. The ‘new’ technologies are charac-
terised by the corresponding matrices for the USA, the
U.K., Western Europe or Spain.

The following types of economic responses to
these interventions afe incorporated into the model:

1. Production using t_he ‘old’ plant or equip-
ment adjusts to changing prices.

2. Tncreases in effective energy prices lead to
accelerated investment in mew technology
and plant or equipment renovation.

5. LARSEN, B. and A. SHAH (1992), “Warld Fossil Fuel Subsidies and Global Carbon Emissigns”, Working papers WPS

1002, World Bank.
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3. Higher energy prices for households cause a
decrease in consumption, represented by
demand elasticities,

Enterprises may respond to pollution fees by
reducing emissions through decreased
energy use and/or by investing in scrubbing
or other abatement equipment.

The model makes long-term projections for
output by sector, energy use, emissions of major pol-
lutants, emissions by sector, enterprise type and fuel
use, and revenue from pollution fees. It also incorpo-
rates assumptions concerning four principal compo-
nents of economic activity: macroeconomic growth,
power sector development, energy prices and envi-
ronmental regulation. The principal assumptions can
be stated as follows:

GDP growth resumes in 1996,

annual growth rate attains 5% by 2000 and
remains at this level through 2010,

GDP regains its 1990 volume in 2006, and is
20% higher in 2010.

The medel considered three separate sets of
energy price assumptions for industrial users:

1990 price levels, referred to as high subsidies,

the real prices actually observed in 1994,
referred to as reduced subsidies; and,

the unsubsidised levels presented above in
the previous section.

In addition to subsidies elimination, the possi-
ble environmental effects of two environmental
pelicy tools — pollution fees and taxes on carbon

dioxide emissions — were evaluated by the model.
Pollution charges were adopted by Russia in 1990
and brought into force in 1991. A salient feature of
the system of pollution fees in the Russian
Federation is the application of two different charge
rates, one for discharges within the applicabie emis-
sion standard, and another, five times higher, for
emissions above the standard. The pollution charges
were introduced as the main environmental protec-
tion policy in Russia. They were, however, signifi-
cantly depreciated once economic reforms began
due to extremely high inflation. Although charges
were indexed several times, their real level in 1994
was only about 4.5% of the initial value adopied in
1990. As for the CO; tax, the possibility of its intro-
duction in Russia has been discussed but has not yet
been put into practice.

The scenarios explored by the model differ with
respect to these policy tools. The following options
were considered:

L. Charges for emissions of 8O,, NO,, TSP and
other substances.

1.1 Low level {corresponding to actual rates
of 1994).

1.2 High level ~ 70 times greater than the
Low level (3 times greater in real
terms than the initial rates of 1990).
The “High level” approximately cor-
responds to the overall level of pollu-
tion fees in Poland.

C_02 fax.
2.1 CO; tax is not introduced.

2.2 CO; tax is introduced at the level of
about $10 per metric tonne,

Table 6.5: Fstimated energy subsidies in 1990 and 1994

1990 1994
trillion  § billion (nominal  $ billion' trillion $ billion $ billion
roubles exch. rate)  (PPP exch. rate) toubles (nominal exch. rate) (PPP exch. rate)
Total energy subsidy 54.4 93.7 732 51.3 225 51.8
GDP 644.2 1110.7 867.0 611.0 268.0 C 6172
Energy subsidy
as percentage of GDP 8.4% 8.4%
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i Table 6.6: Projected levels of energy use and emissions for 2010
i (in percentage of 1990 level)

Primary energy use TSP emissions  CO; emissions NO, emissions CO; emissions

High subsidies 102.8 504 63.1 89.6 100.2
Reduced subsidies 99.5 46.5 59.0 85.6 96.7
Subsidies eliminated 89.4 34.0 47.5 75.8 86.2
Reduced subsidies + pollution fees ~ 98.1 37.0 51.8 83.7 95.0
Reduced subsidies + CO; tax 97.7 36.3 51.2 835 044 i

Figure 6.2: Projected TSP emissions
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6.3

Evaluation of subsidies elimination;
long-term effect

The impact of eliminating subsidies was evaluated
by comparing the projected patterns of energy use and
emissions for different scenarios. Some projections for
the year 2010 are presented in Table 6.6. These figures
show that both energy use and greenhouse gas emis-
sions conld decrease by approximately 14%-16% as a
result of removing all pré-reform (1990) energy subsi-
dies. Maintaining subsidies at their 1994 levels would
vield emissions reductions only about one-fourth as
large. Given Russia’s present circumstances, eliminat-
ing subsidies will be a far more important step in con-
trolling greenhouse gases than the introduction of
pollution fees or CO; taxes. Introducing fees or taxes,
even at the maximum level politically feasible, would
not have as large an effect on emissions as would
simply eliminating energy subsidies.

However, full, immediate elimination of energy
subsidies in the Russian Federation is unlikely to
occur. Under current economic conditions, enterprises
currently have a very limited capacity to adjust to
higher energy prices. Dramatic reductions of the
direct or indirect subsidies to household energy use
are also improbable in the immediate future, princi-
pally due to the limited financial resources of house-
holds and the strong political opposition that such
measures are likely to meet. Rapid adaptation is uvlti-
mately hampered by the fact that decades of ineffi-
cient industrial, investment and technology policies
have left the Russian economy with an infrastructure
based on low relative prices for energy, mineral
resources and transportation. Energy price increases
should, in theory, allow for the most rapid adaptation
possible, but appropriate structural and technological
shifts can occur only if their scale does not exceed the
economy’s ability to adapt.

Accordingly, an approach incorporating both sub-
sidies reduction and other measures, such as tighter
standards, pollution charges or the introduction of
environmental taxes, appears more feasible. Generally
speaking, the potential of combinations of subsidy
reduction and other measures to reduce emissions
approaches that of complete subsidy elimination. In
this case, however, the complementary measures are
truly effective only if they are deployed once a sub-
stantial part of subsidies have been eliminated.

Projected emissions of CO; and TSP under the
three principal sets of subsidy assumptions are pre-
sented in Figures 6.2 and 6.3. Emissions are affected
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primarily by two factors, changing energy use pat-
terns and the introduction of new technologies with
lower emission rates. The relative importance of these
factors differs by pollutant — the former dominates
for NO, and CO;, while the latter is of greater signifi-
cance for 80O; and TSP emissions. This distinction
accounts for the difference in the respective emissions
dynamics. CO; and SO; emissions grow rapidly after
2000 with energy use growth, while NOx and TSP
emissions decrease through 2003, and then demon-
strate insignificant growth if subsidies are maintained,
or remain constant otherwise,

Oune can see that even under high initial subsi-
dies, projected emission growth is more moderate
than the assumed GDP growth. Two factors are
responsible for this ‘background’ decline of specific
emissions. First, it was assumed that consumption
patterns are changing as a result of carrying out
market reforms and making the economy more open
(for example, the service sector, where energy use is
low, is expanding). Second, some renovation will take
place in the economy regardless of the presence of
subsidies, resulting in reduced specific demand for
energy and materials, and in reduced emission rates.

Estimates of the impact of each factor taken
alone are presented in Table 6.7. These figures show
that a considerable ‘background’ drop can be expect-
ed for TSP and SO; emissions, with the lower emis-
sion rates of the new equipment being the principal
contributing factor. ‘Background’ reductions of CO;
and NO, emissions are more moderate and have as
their leading cause increased economic efficiency.
Shifts in consumption patterns are of minor impor-
tance in all cases, though they do account for cne-
third of the ‘background’ decrease in CO, emissions.

It is noteworthy that the impact of scaling down
or removing subsidies does not differ much by pollu-
tant (in contrast to the ‘background’ effect). Total
subsidy elimination reduces emissions by roughly
14%-16% of 1990 levels, while maintaining reduced
subsidies yields a 3.5%-4% emissions decrease. The
result is that the ratio of two effects — subsidy elimi-
nation compared to the ‘background’” emissions
decline — varies over a wide range (from 24% for TSP
to 72% for CO», t.e. threefold ).

The introduction of pollution fees or CO; taxes
was considered in combination with reduced subsi-
dies. These scenarios are compared to the subsidy
elimination scenario and to the scenario in which
reduced subsidies are maintained without any other




Table 6.7: Estimated contribution of various factors to emissions reduction in 2010
(in percentage of 1990 level)

FACTORS: TSP 50, NO, CO,

Total ‘natural’ decline 69.3 56.6 30.1 19.5
including:

— shifts in consumption patterns 1.8 11.9 4.3

— efficiency enhancement 214 231 15.3 12.5

— use of new technologies with

lower emissions rates 36.1 215 10.5 0.0

Subsidies elimination” 16.4 15.6 13.9 14.0
Subsidies reduction” 39 4.2 4.0 35
Pollution fees 9.5 7.2 1.9 1.7
CO, tax 10.2 7.7 2 2.3

* Compared to keeping high initial subsidies.

measures, and these scenarios are used as baselines.
These figures reveal that the impact of pollution fees
varies significantly by pollutant. For TSP and S0,
the introduction of pollution fees yields effects almost
as substantial as subsidy elimination, while for NOy
and CO;, the impact is only moderate.

6.4 Regionat analysis

Russia is a very large country with widely vary-
ing regional patterns. A national-level analysis is
likely to miss substantial regional variations that
may be important from a policy perspective.
Accordingly, a regional sub-model was developed
to undertake regional analyses of the energy subsi-
dies and GHG emissions scenarios. Four major
parts of the Russian Federation were singled out for
specific analysis: European Russia, the Urals,
Siberia and the Far East. Energy price dynamics,
subsidy values, emission shares and the long-term
impact of subsidy elimination and other environ-
mental policy measures were estimated separately
for each of these regions.

In addition to explicit and implicit subsidies to
the energy sector, inter-regional energy subsidies
existed under central planning. These subsidies result-
ed from the application of flat prices for the major
fuels (both for industry and for the households). Flat
prices took into account neither significant variations
in production costs nor transportation costs (which
constituted the greater part of the gas delivery prices).
Thus, the application of flat prices created inter-
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regional subsidies — consumers in European Russia
paid the same price for gas transportation from West
Siberia as enterprises in the adjacent areas.

Another source of inter-regional subsidies were
household energy prices. Natural gas and gasoline
prices were uniform, as were electricity and heat
prices, with the exception that both power production
costs and prices for industrial users differed by region.

In late 1992, prices for oil and refinery preducts
were more or less liberalised. This resulted in signifi-
cant regional price differentiation. Price controls for
power were -decentralised, and this also led t
increased variation in prices. Housechold electricity
and heat prices are no longer equalised across the
country. Power prices (both for industry and for
households) vary in the extreme from region to region,
and differences of the order of 1:20 can be observed.
Thus, this type of interregional subsidy has presently
been all but eliminated. Gas delivery prices, however,
remain uniform across the country, and can be consid-
ered as a surviving form of interregional subsidy.

One may draw the following conclusions from a
comparison of the projected emissions levels under the
various scenarios explored in the regional analysis:

-  Emissions of all pollutants in European Russia
and Far East fall as subsidies are reduced.

~ Emissions in Siberia increase under partial
subsidies, but drop in the scenario of com-
plete subsidy elimination. The explanation is




that partial subgidy cutting produces suffi-
cient price differences between regions to
cause production shifts, but price growth is
not important enough to compensate it by
stimulating the introduction of new tech-
nologies and adjystment of the old technolo-
gies. Complete subsidy abolition brings
emissions in Siberia down.

— Emissions in the- Urals are only slightly
affected by the degree of energy subsidy in
place, and emissions trends of some pollu-
tants tend towards opposite directions. Any
reductions in emissions here are balanced by
the impact of production relocation,

The main factors influencing emission levels for
the entire country were assessed above. Similar evalu-

ations were made at the regional level.

Subsidies elimination affects emissions in a par-
ticular region in several ways;

— by changing total production volume;

— by changing the structure of production
through sector shifts; and

— by changing emisstons per unit of output
(due to replacement of old capacities by new
ones with lower energy intensities and lower
emission rates, adjustment of old capacities
to shifts inrelative prices, and so on).

An effort was made to estimate the relative contri-
bution of various factors to the overall impact of subsi-
dies abolition. The effect of each factor was defined as
emissions change atiributable to the observed variation
of this factor. All effects were expressed as percent-
ages of the initial baseline emission volume. The esti-
mates presented in Tables 6.8 and 6.9 suggest that
from the standpoint of environmental pollution, shifts
in the production structure are unfavourable in the
Urals and Siberia. This fact is a conseguence of
moving energy intensive activities to these regions.

Thus one can observe that although subsidies
elimination reduces emissions rates everywhere, this
effect is countered in the Urals and Siberia by grow-
ing production volumes and unfavourable structure
shifts. On the other hand, relatively large reductions
of emission rates are taking place in these regions.
Paradoxically, the reason is the same: cheap fuels
attract production to these regions, so more invest-
ment is placed here, and new capacities have much

Table 6.8: Contribution of major factors to the development of TSP emissions
(in percentage of initial emissions)

Factors: European Russia Urals Siberia Far East
Production volume -2.6% 51% 3.1% -5.2%
Production structure -4.9% -0.3% 3.1% -4.9%
Emission rates -15.7% -7.8% -24.0% -8.0%
TOTAL -23.3% -3.0% -15.8% -18.1%

Table 6.9: Contribution of major factors to the development of CO; emissions
(in percentage of initial emissions)

Factors: European Russia Urals Siberia Far East

Production volume -4.8% 10.5% 9.9% -8.1%

Production structure -6.0% 5.0% 58% -7.4%

Emission rates -15.6% -15.4% -25.5% -11.8%

TOTAL -26.5% 0.1% -9.7% -27.2%
99




Figure 6.4: Russian emissions indices in 2010
{1990=100%)
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{ better emissions parameters. Taking into account the
‘ unfavourable environmental conditions in the Urals,
we may conclude that additional interventions are
required in this region.

To estimate the effects of inter-regional energy
subsidies, we compared the projections obtained from
the regional model with those from the national
mode] (see Figure 6.4). The former assumed elimina-
tion of all energy subsidies, while the latter assumed
only subsidy-free general price levels with remaining
inter-regional subsidies. The lower levels projected in
the regional model can thus be attributed to the
impact of inter-regional subsidies. The projections
presented above demonstrate that the impact is great-
est on CO, emissions, for which the elimination of
inter-regional subsidies provides an additional emis-
sions decline of 4.3% of the initial level. This effect
exceeds the impact of partial emissions elimination.
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Chapter 7

Effects of Phasing Out Coal
Subsidies in OECD Countries*

DRI, Paris

7.1 Coal subsidies in OECD countries
as measured by the PSE indicator

Support to the coal industry takes many different
forms. It is usual to distinguish the following three
broad categories of support:

— direct financial aid to current production:
grants for capital investment, deficit grants,
interest payment grants, payments (o
employed miners;

—  price support that indirectly results from lim-
itation on coal imports or agreements
between coal producers and some coal users;

—  assistance not benefiting current production,
such as payments to redundant miners and
inherited liabilities.

Because of the complexity of the support system,
it is difficult to estimate the value of the protection pro-
vided to the coal industry by the various support sys-
tems and barriers to imports. The IEA has nevertheless
adopted an indicator called the producer subsidy equip-
ment (PSE), which provides a single measure of the
financial support given to the coal industry. The coal
PSE is defined as the sum of the net budgetary pay-
ments to producers and of the value of indirect mea-
sures that support domestic production. It does not

include aid not benefiting current production. In other
words, it is equivalent to the payment that would keep
domestic production competitive with imports, at cor-
rent levels of production and import prices.

7.2 Approach of this study: comparing energy
supply and demand under two scenarios

This study evaluates the energy, environmental
and economic effects of phasing out coal subsidies as
defined by the PSE. The study focused on six countries
where the coal industry benefits from significant gov-
emment support (Germany, France, Spain, UK.,
Japan, Turkey). The other major OECD coal-producing
countries are the USA and Canada. In the USA, no coal
subsidy was found that falls under the definition of the
PSE. In Canada, recent productivity improvements
have eliminated the need for subsidies in the future.

The 1993 levels of the PSE are given in Table 7.1,
together with the amount of subsidised coal production.

The study investigated, for each case study
country, the effect of coal subsidy removal on fuel
prices and on supply/demand balances. Changes in
the fuel mix and in import requirements can have an
effect on world coal markets and this was analysed as
well. This was done by defining two scenarios, one
where subsidies are maintained at current levels

1. The study summarised here has been published as “The Energy, Environment and Economics Effects of Phasing Out
Coal Subsidies in QECD Countries”, in “Supports to the Coal Industry and the Electricity Sector”, vol 2, “Environmental implica-
tions of Energy and Transport Subsidies”, OECD/GD(27)155, OECD, Paris.




Table 7.1: 1993 levels of the producer subsidy equivalent (PSE)

PSE Subsidised
Production
8] {MS$] {Mice]

Canada 12 4% 4.0
France 43 428 10.0
Germany 109 6683 61.5
Japan 161 1034 6.4
Turkey 143 416 2.9
Spain 84 856 16.2
U.K. 15 873 574
USA 0 0 0.0

(although subsidy reductions already announced are
assumed to be implemented) and one where they are
removed as rapidly as practically possible. Energy
supply and demand for each country were then com-
pared in the two scenarios. The level of coal produc-
tion in the six case study countries falls much more
rapidly in the No-Subsidy scenario than in the
Subsidy scenario (see Figure 7.1).

In the OECD countries covered, coal subsidies, as
defined by the PSE, take the form of direct financial
aid to the domestic coal industry or price support
through special contracting agreements between coal
producers and some coal users; such subsidies have the
effect of maintaining domestic coal prices at a higher
level than imported coal prices. Therefore, phasing out
coal subsidies (as defined by the PSE) mostly results in
a replacement of domestic coal by imported coal.

The two sectors where special contracting agree-
ments are often encountered are power generation and
the iron and steel sector. In OECD countries, 80% of
coal burned is consumed in these two sectors and the
proportion is expected to increase as other sectors
increasingly switch to more convenient fuels.

In the iron and steel sector, the elimination of
contractual agreements, or other type of subsidies,
will result in the replacement of domestic coking
coal by imported coking coal, with nearly a one-to-
one volume effect as the effect on consumer coal
prices is very small.

In the power generation sector, the coal subsidy
removal will have two effects: 1) lower coal prices to
power plants and 2} increased flexibility in the choice
of fuels for power generation. The first effect implies
lower electricity prices and therefore increased elec-
tricity demand; however, the effect on electricity
demand is small because of the low price elasticity of
electricity demand. The result of the first effect, if
anything, is to increase fuel use, and in particular coal
use, by power plants. The implicaticns of the second
effect for the fuel mix depend on the economics of
fuel vse for power generation and technical con-
straints for fuel switching. Fuel use economics
favours the use of coal in existing plants in the short
term (vs the use of gas in new plants) and the use of
coal in both existing and new plants in the long term.
The long life of power plants results in considerable
imertia in the composition of the capital stock and
limits fuel switching capabilities in the power gener-
ating sector. It is only for new plants that coal’s
attractiveness could be modified by subsidy removal;
there is not much need for new capacity until 2000
and coal is the cheapest option for new plants after
2000. Therefore, the role of coal in the power generat-
ing sector is unlikely to be affected much by the
removal of subsidies, but the coal will be imported.

Figure 7.3 shows the ch;nge between scenarios of
production and import levels for the six countries
where subsidy phase-out engenders significant changes
to the market. The net dominant effect of the elimina-
tion of coal subsidies is to replace domestic coal with
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Figure 7.1: Coal production in twe scenarios
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Figure 7.2: Breakdown of OECD coal demand by sector in 1990
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imported coal. Because of the small increase in elec-
tricity demand between the Subsidy and No-Subsidy
scenarios, there is more use of gas in power plants than
there would be if coal subsidies were maintained, but
the increase is small, Thus, overall, removing subsidies
has little impact on total primary energy demand, on
the fuel mix, or on the level of energy prices.

7.3 Effect on world coal trade and prices

If PSEs were reduced to zero in OECD countries,
coal imports in the countries covered by the study, and
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hence world coal trade, would be 80 million tonnes
higher than in the Subsidy scenario; this represents a
15% increase in world coal trade. However, the increase
would not likely result in significant upward pressure on
world prices, because of ample spare production capaci-
ty. While in the Subsidy case, coal prices are expected
to remain virtually flat in real terms, they are expected
to increase by slightly more than 1.3% p.a. in real terms
between 1997 and 2010 in the No-Subsidy scenario. By
2010, the price of internationally traded coal is 15%
higher with coal subsidy phase-out than in the Subsidy
scenario; however, this difference does not aiter the
competitive advantage of coal for power generation.




Figure 7.3: Coal production and imports (six countries): Difference between scenarios
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7.4 Environmental and economic effects

As the removal of existing OECD subsidy
regimes does not lead to substantial modifications in
energy markets, imported coal largely taking up the
markets abandoned by domestically produced coal,
few environmental benefits would be realised. CO;
emissions would be reduced slightly compared to a
situation where subsidies are maintained, because of a
very limited amount of substitution of gas for coal.
Benefits would be more substantial in terms of SO,
emission reduction, as both British and Spanish coal
have a higher sulphur content than most imported
coal [there would not be much difference in Germany
because of widespread use of flue-gas desulphurisa-
tion (FGD)]. Impacts from increased coal transport
would have to be assessed.

Given the low energy price and demand impact
of removing coal subsidies, and the small contribu-
tion made by this sector in overall economic output,
the macroeconomic impact of subsidy removal is
very limited. The countries covered would save up to
$10 billion per year by 2005 by phasing out subsidies
to the coal sector. However, this represents only
0.05% of GDF and 10% of government expenditure
for the six couniries.

There will be a negative impact on jobs directly
associated with coal mining activities. However, as
coal industries are no longer large employers in any

of the countries studied, the effect will be small,
though there may be important regional implications.
The total impact on employment is estimated at
174 000 jobs lost as an immediate result of mine clo-
sures in the No-Subsidy scenario relative to the 1992
level of coal mining emplayment, with around 70 000
job losses in the Subsidy scenario resulting from natu-
ral wastage and resource exhaustion. Some jobs
would be created in activities associated with coal
importing and distribution.

7.5 Effects of including other forms
of coal subsidies

The PSE methodology used in this study focuses
on aid to current production, and has the advantage of
being a widely accepted approach which can be
applied consistently across countries using easily
available data. It can be argued, however, that the
approach is foo narrqw.

For OECD countries, ofic way to extend the defi-
nition of subsidies is to attempt to measure the subsidy
implied in market restrictions resulting from monopo-
listic structures in consuming industries, and to include
direct consumer subsidies (such as government spon-
sored RD&D and grants for coal burning installations).

The PSE does not take into account environmen-
tal externalities, and the failgre to include external
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costs in the pricing of coal can be considered as an
implicit subsidy. The sractical difficulties of defining
an approach to include external costs are formidable,
in terms of arriving at a commonly acceptable defini-
tion of which externalities to include, assessing their
cost in different economic contexts, and gathering
consistent and reliable «data to support a meaningful
analysis of the subsidy impact of externalities. The
methodological framewaork for assessing the cost and
impact of environmental externalities is an area which
could justify a further research programme.

It is also likely that a far different result would
arise from the removal of subsidies to coal in non-
OECD countries. The reason is that subsidies are
used in some countries to reduce the price paid by
consumers, and their removal would have the effect
of a large price increase. This would be likely to
induce energy conservation investment and fuel-
switching away from coal, and hence lead to a
reduction in emissions.
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Chapter 8

Modelling “Supports” to the
Electricity Sector in Australia

Barry Naughten, Jane Melanie and Jan Dlugosz,

ABARE

8.1 Introduction

This is a summary of the key elements of a more
detailed report an “supports” to the electricity supply
sector in Australia®. The notion of “supports” is inter-
preted broadly to include not only explicit and implic-
it subsidies of inputs into electricity supply but also
matrket distortions in the sector more generally. The
distortions themselves can be instances of either
market fatlure or intervention fajlure.

The focus in this case study is the extent to
which any such distortions might increase emissions
of CO; from the energy sector. CO, accounted for
92% - on a CO; equivalent basis — of the greenhouse
gases (other than fluorocarbons) emitted in 1990 by
the Australian energy sector. The supports and
market distortions considered are those that were
provided in Haurie’s initial “Framework” report on
the conceptualisation of the project. Distortions that
could only be analysed qualitatively are first consid-
ered, followed by least cost modelling of selected
cases in the remaining categories.

Many of the identified market distortions are
being addressed through microeconomic reforms in
the electricity supply sector and, because of its poten-
tial importance as an electricity input, the natural gas
sector. These reforms are described in the first section
of the full report. This is followed by a presentation of
the modelling method. As in the analysis of the Italian

electricity sector elsewhere in this study, the approach
involves using the MARKAL optimisation model of
the energy sector. The Australian variant of this
model is known as MENSA,

8.2 The etectricity supply industry in Australia

8.2.1  Industry overview

Australia in 1994 had an installed electricity gener-
ating capacity of 37.25 GW, producing around 167
TWh a year, an increase from 91 TWh a year in 1979.
Final consumption in 1994 was 140 TWh or 7 865 kWh
per person. Coal-fired power stations provided 80% of
generation, with peak and intermediate load mainly sup-
plied from hydroelectric and gas-fired stations. Nuclear
power is not used for electricity generation in Australia.

At present only New South Wales, Victoria,
South Australia and the Australian Capital Territory
are interconnected to form an interstate grid network.
However, interstate electricity trade represents less
than 3% of total electricity consumed within the states.

Aluminium smeiting is a significant industrial
consumer of electricity, benefiting from efficient,
inexpensive coal-based electricity in Australia’s east-
ern states, New South Wales, Victoria and
Queensland. In 1994 it accounted for most of the 20%
of national electricity consumption stemming from

1. The study summarised here has been published as “Supports to the Energy Sector in Australia”, in *Supports to the
Coal Industry and the Electricity Sector”, vol. 2 of “Environmental Implications of Energy and Transport Subsidies”,

OECD/GD{97)155, OECD, Paris.




Table 8.1: Primary energy use and CO; emissions, Australia, 19902

Primary energy use CO,; EMISSIONS

direct end use direct

allocation® basis® allocation? share

‘000 PJ ‘000 PJ Mt %
End use sector
Residential 160 297 6.6 2.3
Industrial 643 878 31.9 11.2
Commercial 47 141 2.6 0.9
Transport 1157 1163 79.1 278
Other end uses 164 164 0.0 0.0
TOTAL END USE 2171 2642 120.2 42.3
Processes etc. 303 303 29.5 104
Energy for electricity 1566 1529 1311 46.3
TOTAL 4043 4003 280.8 100.0

a. Data derived from MENSA simulation results,
b. Petajoule electricity not allocated to end uses.

c. Electricity generation attributed to the end-uses to which electricity is an input.
d. CO, emissions from electricity generation attributed to that sector rather than to end-uses to which electricity is an input.

non-ferrous metals production, this proportion having
increased from 6% in 1980.

As shown in Table 8.1, in 1990, electricity genera-
tion accounted for 46% of CO, emissions from the
energy sector compared with 28% from transport fuels.

8.2.2 .Competitive market reforms and their
implications for greenhouse gas emissions

Reforms in the electricity supply indusiry are
designed to promote competition among generators and
at the retail level. State-owned transmission grids are
regulated to ensure that pricing is transparent and
reflects costs, and to provide non-discriminatory access.

While the primary objective of reform is not
specifically to reduce greenhouse gas emissions, it is
possible to identify effects of reform that could
reduce such emissions. These effects include:

—  the adoption of pricing structures for elec-
tricity that are more cost reflective;

- the removal of implicit support to interest on
loan capital;

— an increased role for private generation,
including co-generation.

Some aspects of microeconomic reform have
ambiguous effects on emissions. These aspects include
removal of cross-subsidisation among categories of
consumers; some impacts of increased gas and elec-
tricity trade; and productivity improvements that may
encourage electricity use through an income effect.

8.3 Supports and market distortions
not modelled

The “Framework™ report identified support for
research and development, tax policies and subsidies
(including cross-subsidies) to users as some of the
areas in which implicit supports might have impacts
on costs and emissions. Modelling difficuities pre-
cluded quantification of these impacts. However, the
full report provides some qualitative discussion.

For example, most state governments have taken
initiatives over the past few years Lo reduce cross-sub-
sidies to residential customers, in most cases by bold-
ing domestic tariffs constant and reducing business
tariffs. There is some evidenge that commercial and
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industrial electricity use is more responsive to prices
than consumption in  the residential sector.
Commercial and industrial consumption accounts for
an average of around 60% of total electricity con-
sumption across states. The effect of the removal of
such cross-subsidies on prices will influence CO,
emissions, but the net effect is not clear.

Interregional cross-gubsidies have involved uni-
form tariff pricing policiés throughout most states, in
terms of both the initial costs of connection to the
grid and the ongoing costs of supply. In some cases,
extending the grid to rural areas is economically
unviable and the adoption of cost reflective pricing
could involve substantial increases in the price of
grid connection and electricity supply to remote
users. By increasing the price of grid connection,
reform can be expected to promote a greater use of
remote area power systems {(RAPS) at the expense of
fossil fuelled, grid-based electricity. RAPS may
involve stand-alone diesel generators. However,
where RAPS can also make efficient use of renew-
able sources, saving diesel fuel (and associated
costs), then some cost-effective reduction of CO;
emissions may be possible,

8.4 Supports and market distortions

modelled using MENSA

MENSA - Multiple Energy Sysiems of Australia —
is the Australian version of MARKAL, an intertempo-
ral, optimising, linear programming model of national
energy systems developed under the auspices of the
International Energy Agency (IEA). The basic structure
of MENSA is shown in Figure 8.1. The model involves
not only the electricity sector, but alse the main associ-
ated markets for its inputs and outputs, and other
energy submarkets such as transport. MENSA incorpo-
rates a regional structure because Australia’s energy
system involves dispersed nodes of supply and con-
sumption corresponding to the six states of the federal
system. Each state possesses characteristic regional fea-
tures in terms of energy resources and markets. Patterns
of electricity generation and uses — and natural gas
sources and uses — can differ widely among the states.

ABARE’s initial use of MENSA to indicate costs
and consequences to the energy system of meeting
upper limits to greenhouse gas emissions from the
Australian energy sector is documented in Jones,
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Peng and Naughten (1994)!. The model framework
has also been used in several analyses of intervention
failure and market failure in the energy sector, some
of which are noted below. The model is therefore well
suited to case studies of a range of market distortions
associated with the Ausiralian electricity sector.

The model results indicate for each case study or
“test simulation”, the difference in emissions and in
total discounted cost, energy systemwide, compared
with the base case and another benchmark simulation
involving a constraint on CO; emissions. These cost
differences, measured in 1990 Australian dollars,
apply to the energy system as a whole for the full pro-
jection period (1990-2020) and are discounted to
1990 at an 8% real rate.

In the two benchmark cases, the various market
distortions are assumed to be absent, whereas the test
simulations indicate the cost to the system of each dis-
tortion examined. In the first benchmark case, a least
cost simulation (the base case), no upper limit i§
placed on energy sectorwide CO; emissions. In the
case of the “1990 stabilisation target” benchmark,
these emissions are constrained to return to 1990
levels by 2000 and to remain at that level. In this latter
case, the MENSA results indicate that, where none of
the listed market distortions are present, the cost to the
energy system of meeting this emissions target is
A% 5.7 billion (in 1990 Australian dollars) or 0.11% of
discounted GDP projected over the forecast period.

It should be noted that these “energy system costs”
do not account for possible impacts on non-energy sec-
tors or international trade-related effects associated
with the international adoption of emissions abatement
targets. When such effects are accounted for, the
increase in estimated cost can be substantial. With
recent estimates of GDP loss using the MEGABARE
global general equilibrium model, it is possible to
determine the economywide cost in Australia associat-
ed with applying the 1990 stabilisation target in all
OECD countries. This cost (1990 dollars and discount-
ed to 1990 at 8%) was $A 14.3 billion. The case studies
are described in the following sections.

8.5 Removal of indirect support to a fossil fuel

It has been argued that an implicit subsidy is
being provided to the coal industry by the state gov-

See the complete study {referenced in note 1) for references mentioned in the text and for sources for the figures cited.




Figure 8.1: Part of a typical energy system in MENSA®
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a In this schematic representation only two out of the many end uses represented in MENSA (residential hot water systetns, private
automobiles) are included as examples. In the former case there are separate specifications for each state, whereas for automobiles {and

other transport) there is just one set of specifications nationwide.

ernment in Western Australia through the construc-
tion of the Collie coal-fired power station and conse-
quent displacement of a more cost effective combined
cycle gas turbine (CCGT) power station.

The total additional discounted cost of enforcing
construction and use of a new 300 MW coal-fired
power station to come into service in 2000, rather
than the CCGT option, was indicated by an uncon-
strained least cost simulation of the model. With a
1990 stabilisation target in place, the MENSA mod-
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elling indicated that it is almost twice as costly to
enforce this option rather than allowing construction
and use of a less carbon-iftensive, gas-fired station.
This increase occurs because, with the requirement
that Collie be installed, keeping systemwide CO;
levels at or below 1990 levels will require higher cost
measures throughout the rest of the energy systemn.

However, it is important to keep this case in per-
spective: the capacity of this Collie station is equivalent
to 0.8% of the total Australiag generating capacity of
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37.2 GW (1994). Furthermore, implicit support to a
carbon-intensive primary fuel input is not typicatl of the
Australian electricity supply sector as a whole.

8.6 Trade policies: ngw interState

connections for gas and electricity

The major existing intérstate electricity and gas
interconnections are indicated in Figures 8.2a and
8.2b. For modelling purposes, only the effect of new
interstate gas pipelines was investigated in this study.
Of the types of benefit that can be readily captured in
the MENSA framework, these estimated gains are
significantly greater than those from new interstate
electricity connections.

Measured against the base case with no imposed
upper limit on CQO, emissions, blocking the exten-
sion of interstate gas pipelines results in increased
energy system costs of A$ 960 million or 0.018% of
discounted GDP.

The role of interstate gas pipelines in reducing
the cost of meeting upper limits on CO, emissions is
illustrated by the 1990 stabilisation target case.
MENSA least cost analysis indicates that, in the
absence of new interstate gas pipelines, the cost of
achieving this target would be increased by A$ 4.4
billien to A$ 10.1 billion (an increase of 0.082 per-
centage points to 0.192% of discounted GDP when
the cost of meeting that constraint on emissions is
included). This increase would stem in part from sig-
nificantly reduced substitution of gas for coal in elec-
tricity generation.

8.7 Removal of implicit capital subsidies

and expanded cogeneration

Prior to microeconomic reform, capital subsidies
to the electricity supply sector were typically granted
through loan guarantees and the provision of govern-
ment loans at interest rates that did not fully compen-
sate for the market cost of funds including some
allowance for risk of default.

The impact of implicit subsidies on loan capital
used in the electricity supply sector, and hence on
CO; emissions, depends on the technologies and fuels
available and their cost structures. A comparison of
direct relevance to the Australian experience is that
between coal-fired thermal capacity and natural gas
CCGT. The former is significantly more capital-
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intensive and also happens to be more carbon inten-
sive. Hence, if implicit subsidies to capital were
removed, a consequent switch from investment in
new coal-fired capacity, with its higher capital inten-
sity and longer lead times, to investment in CCGT
will tend to reduce CO; emissions cost effectively.

To put this comparison in the form of an arith-
metic example, consider the case of a discount rate of
8% as representative of rates used by a vertically inte-
grated public utility, and a higher risk inclvsive rate
that might be required, for example, by a private gen-
erator — say 15%. The relative economic position of
CCGT significantly improves relative to coal-fired
stations when the required return is increased from
8% to 15% real rates. For example, on the basts of
technology and fuel costs cited in the full report, the
ratio of the discounted cost of the coal-fired option to
that of the CCGT option (at their commissioning
dates) increases from 0.95 at an 8% discount rate to
1.29 at a 15% discount rate.

An increasing preference for more modular tech-
nologies such as CCGT reflects a growing perception
of the risk associated with longer lead time and more
capital-intensive technologies. In Australia this per-
ception was reinforced by the experience of the
1980s investment boom in electricity capacity. A sur-
plus of coal-fired capacity emerged when this growth
was not matched by consumption growth. The advan-
tages of more modular technologies, even after
taking account of the economies of scale of conven-
tional coal-fired capacity, have been reviewed by
Australia’s Industry Commission.

8.7.1 Industrial co-generation

Another important example of a less capital-
intensive, more modular technology is industrial co-
generation. It involves the joint production of
electricity and process heat, usually in or for private-
ly-owned industrial plants. Again, the removal of any
implicit subsidies to capital, or any increase in the
required rate of return, is likely to improve the eco-
nomics of industrial co-generation.

Two other microeconomic reform mechanisms
may also encourage industrial co-generation. Gas is a
preferred fuel for a decentralised technology such as
industrial cogeneration. The deregulation of interstate
trade in natural gas will further encourage industrial
cogeneration from this source by making gas cheaper
and more readily available. The other mechanism that




Figure 8.2a: Australia’s high voltage electricity transmission networks (schematic)
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could encourage cogeneration is the establishment of
non-discriminatory terms of access for the sale of pri-
vate generators’ surplus electricity to a nationally inter-
connected grid. Such access is to be implemented
under a proposed national Code of Conduct, Non-dis-
criminatory access provides greater investor confi-
dence that surplus electricity can be sold to the grid and
hence promotes investment in technically more effi-
cient technologies such as high pressure boilers that
aliow improved conversion éfficiencies in electricity
generation along with process steam. A modelled tech-
nology specification reflecting theselimprovements is
referred to as the “new cogeneration”.

The modelling results indicate that an increasing
role could be played by the “new cogeneration” in
reducing greenhouse gas emissions. A “business as
usual” case was defined, based on the levels of cogen-
eration with conventional co-generation technology.
This was compared with the benchmark scenario,
which incorporated the new technology. In the case
incorporating the “old cogeneration” there was an
increase in systemwide discounted cost of A$ 650
million, or 0.012% of discounted GDP, in the absence
of a CO; constraint. With a 1990 stabilisation target,
the estimated cost increased from 0.110% of GDP to
0.154%. The cost savings available with “new cogen-
eration” come from the displacement of higher cost
technologies and fuels in both the generation of elec-
tricity and the production of process heat for use in
industry. With the target in place the greater cost
reduction reflects displacement of more carbon inten-
sive coal-fired electricity and direct use of coal in
industrial boilers.

3.8 Conclusion

The full report describes a range of market distor-
tions associated with the Australian electricity supply
sector but notes that many of these are being vigor-
ously addressed in a programme of microeconomic
reform in the sector. Costs associated with some of
these distortions have been assessed using the
Australian version of the MARKAL model. Among
the modelling results were that removing restrictions
on new natural gas pipelines between the states could
significantly lower the cost of reducing CO; emis-
sions. Through several mechanisms, tmicroeconomniic
reform would tend to encourage increased cogenera-
tion, in turn offering significant opportunities to
cost-effectively reduce CO; emissions.
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Chapter 9

Environmental Implications
of Supports to the Electricity

Sector in Italy

Giancarlo Tosato, ENEL

9.1 Introduction

As a whole, the Italian energy supply sector is
not neutral to taxes and subsidies. The oil sector is
heavily taxed and is generally a net donor to the rest
of the economy. On the other hand, the Electricity
Supply Industry (ESI) in Italy is nearly neutral to
Government imposition, since under the form of dif-
ferent net subsidies, it receives public funds nearly
equivalent to the amount it pays to the government in
taxes or other impositions. Cross subsidies between
different producers and consumers are also distorting
the electricity market.

Broadly speaking, a subsidy is any intervention
or failure to intervene that results in price distortions
or variations in preduction and consumption volumes
relative to the situation that could be expected to
obtain in a fully competitive market with all social
and environmental costs internalised. For practical
reasons, the scope of the study presented here has
been limited to financial subsidies; other economic
subsidies have not been analysed due to the difficul-
ties involved in quantitying their amount and impact'.

Regardless of the particular subsector or field of
application in question, one can make a distinction
between two basic types of subsidy. For the purposes
of the analysis summarised here, a nef subsidy is
defined as a financial transfer from the economy as a
whole to electricity producers and consumers, while

a cross subsidy is a financial transfer from one sub-
sector of the electricity market to another. Both types
of subsidy distort the market and make actual prices
different from long-term marginal prices. Net subsi-
dies in particular, reduce the relative price of electric
energy and power compared to the price of other
commodities, and increase consumption levels above
the equilibrivm point. Cross subsidies modify the rel-
ative shape of electricity supply and demand curves,
that is, they alter the equilibrium price of electricity
and the volume and structure of electricity produc-
tion and consumption.

In recent years, as various governments have
explored reducing the negative environmental
impacts of energy systems through fiscal instruments,
the issue of energy subsidies has received internation-
al attention. In principle, eliminating existing subsi-
dies to the energy sector and charging for energy
services at their long-term marginal cost could result
in significant environmental benefits. For this reason,
the OECD Environment Directorate initiated a multi-
year project on the environmental implications of
energy and transport subsidies and undertook a series
of case studies exploring the potential environmental
effects of subsidy removal in different countries.

The present summary reports the main findings
of the Italian case study, which focused on the Italian
electricity sector. The first section briefly describes
the financial subsidies of the Italian electricity market

1. The study summarised here has been published as “Supports to the Electricity Sector in Italy”. in “Supports to the

Coal Industry and the Electricity Sector”, wval 2,
QECD/GD{97)155, OECD, Paris.

“Environmentai implications of Energy and Transport Subsidies”,




! Table 9.1: Subsidies to the Italian electricity sector® b

{million $)
? SUBSIDY . TYPE 1990 1991 1992 1993 1994
K
! 1. Spending programmes 33 41 158 127 83
! .1 RDD&D net 0 0 0 0 0
‘_ 1.2 Direct aid net 33 4] 158 127 83
|
: 2. Indirect aid 794 367 843 1080 1063
2.1 Procurement preferences net 0 0 0 0 0
2.2 Other indirect subsidies net 794 367 843 1080 1063
3. Capital subsidies 1738 1154 1767 1338 708
i ' 3.1 Equity participation net 712 707 844 978 504
5 Cross 46 47 48 42 0
[ 3.2 Loans at preferential rates net 749 432 611 -293 -32
i 3.3 Loan guarantees net 0 0 0 (0] 0
j 3.4 Debt forgiveness net 278 14 313 654 236
- 4. Tax policies 1732 2418 2034 2035 1719
4.1 Preferential treatment net 483 370 610 630 719
: 4.2 Exemption from excise tax 1163 1506 1037 1046 1060
suppliers nel 960 1211 719 714 688
. consumers net 203 295 318 333 313
| 4.3 Tax credits 86 342 388 359 0
4.4 Local rates/franchise fees net 0 0 0 0 0
1
: 5. Trade policies 872 1262 1119 1641 0
‘ 5.1 Import-export taxes-supports CIOSS 872 1262 1119 1641 0
3’ 5.2 Nen tariff trade barriers net 0 0 0 0 0
b .
-3 6. Energy and related policies 3621 4159 3614 3968 971
. 6.1 Managed non com. contracts 749 793 828 714 971
1 setfproducers Cross 124 168 203 89 346
& consumers (estimate} net 625 625 625 625 623
g 6.2 Energy planning cross 28 46 43 59 0
iy 6.3 Price regulation Cross 36 37 40 38 0
] 6.4 Production subsidies Cross 2809 3283 2704 3157 0
i 7. Subsidies to complements & customers net 54 70 77 81 93
8. Implicit environmental subsidies net 0 0 0 0 0
TOTAL  NET 4050 3919 4226 3806 3229
' TOTAL CROSS 4794 5852 . 5388 6464 ¢
Dy Total value of ENEL production 16750 18610 20398 21305 23431
i & Total taxes on the electricity sector na na 3388 na na

i a. positive values indicate subsidies; to convert to billion lire multiply values by 1.6.
b. zero or blank cells indicate that data are not yet available.
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in the early 1990s. An agtempt has been made to draw
up a comprehensive list of net subsidies and cross
subsidies associated with electricity production and
use. Using a specially developed modelling exercise,
the second section evaluates the environmental
impacts likely to result frgm a full or near-total elimi-
nation of these subsidies. While in most cases, elimi-
nating electricity subsidies can have a positive effect
on the environment, it should be recalled that subsidy
removal can have other important effects, including
negative social impacts on low income classes, occu-
pational and competitiveness drawbacks on electrici-
ty-intensive  sectors, and organisational and
management changes in the energy supply industry.
These consequences must be taken into consideration
by policymakers before a final conclusion on subsidy
removal can be reached. Such factors, however, are
outside the scope of the present study and must be
evaluated using different methodologies.

9.2 Scale of financial subsidies
to the Italian electricity sector

Although the Subject is relevant to the analysis of
the energy market, evaluations of electricity subsidies
are less frequent in the literature than analyses of
¢lectricity fees and taxes. Accordingly, it was neces-
sary to undertake a sort of “field survey” for the study
summarised here. Identifying and evaluating the sub-
sidies (summarised in Table 9.1) was a daunting task,
involving research into electricity industry accounts, a
comprehensive review of national taxation policies
affecting the electricity industry, the industry’s inputs,
and the energy forms with which it competes. These
difficulties may partly explain the gap in the titera-
ture. The relative scarcity of information on the sub-
ject might also be explained by the reluctance of
electricity producers to disclose information that
might threaten the enormous subsidies they currently
receive. In addition, the regulation of the electricity
market has been complicated by the fact that many of
the regulations enforced in the last few decades con-
tradict or interfere with one another. Enforcement of
the regulations is sometimes not carried out in a trans-
parent manner, and the information supplied in the
financial reports of the actors enforcing the regula-
tions is not always sufficient to permit a clear under-
standing of the problems involved.

The main finding of our analysis of subsidies to
the electricity sector in Italy is that in the early 1990s,
distortions from existing regulation affected about
40% of the electricity market, excluding non-financial

interventions. The net public support of the economy
to the electricity market has been in the range of 15-
20% of the value of electricity production; cross sub-
sidies among different consumers and producers
amount to 20-25% of the market.

9.2.1  Net subsidies

Taking into account net subsidies only, during
the early 1990s, an average of approximately $3-4 bil-
lion was transferred annually from the economy to the
electricity sector. This value represented 24% of the
value of the energy produced by the state-owned elec-
tricity company ENEL in 1990, but fell to 18% in
1993. The amount of taxes transferred from the elec-
tricity sector to the economy is slightly lower.

The most significant net subsidies are described
below (Table 9.1);

—  the fossil fuels used for thermoelectric pro-
duction are not taxed (or only slightly taxed),
while the same fuels are heavily taxed when
they are used for other industrial purposes;
this exemption from excise taxes amounts to
an yearly value of around $1 hillion during
the years 1992-94;

— electricity suppliers are permitted to operate
with an economic margin lower than most
companies; this capital subsidy takes the
form of equity participation, loans at prefer-
ential rates, loan guarantees and debt for-
giveness; it amounted to $1.7 billion/y in the
years 1990 and 1992, but has been reduced
to $0.7 billion/y in 1994;

~ private consumers of electricity receive a
total of $0.6 billion of support from the rest
of the economy, since the Value Added Tax
on electricity is only 9%, while the general
value is 19%;

— selected industrial producers (such as some
steel makers and all non-ferrous metal pro-
ducers) and service operators (such as rail-
ways) benefit from an overall discount of
about $0.6 billion/y.

The observed values, regardless of the uncertain-
ty of some figures, show a decreasing trend during
1990-1994, mainly because capital subsidies were
halved during this period. By compating this trend
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with the ESI privatisation process and its develop-
ment over time, a correlation between the two phe-
nomena becomes apparent. However, the trend
followed by the other principal net subsidies is not
affected by the ESI privatisation process; reducing
these subsidies will require a broader intervention.

9.2.2  Cross subsidies

The financial transfers among different electricity
subsectors are increasing, and have grown from less
than $5 billion in 1990 to $7 billion in 1994. The total
amount of cross subsidies is not far from the total
value of the Equalisation Fund. The two major com-
ponents of this value are:

—  compensation to thermoelectric producers in
order to bring their marginal production
costs down to a level nearer to the average;
this cross subsidy ranged from $2.7 to $3.5
billion in the early 1990s;

—  support to electricity imports which compen-
sates ENEL for the loss of revenue incurred
by shutting down obsolete and inefficient
thermoelectric plants; the amount of support
increased from $0.9 billion in 1990 to $1.7
billion in 1994,

The total amount of cross subsidies has increased
by more than 50% in five years; their weight relative
the value of ENEL production increased slightly from
28% to 31%, even though imported oil prices
decreased slightly across the same period. This was
perhaps due to the increased share of cleaner fuels
(natural gas and low sulphur diesel fuel), which pro-
voked an increase in the prices of thermoelectric fuels
beyond the increase of the general index of industrial
production prices (+3.4% in the same period).

The present increasing trend of cross subsidies
demonstrates that no measures have been taken to
reduce their importance. Reducing the magnitude of
cross subsidies and simplifying their regulatory
structure will be among the principal tasks of the
newly-appointed Authority for the Regulation of
Electricity and Gas Markets.

9.2.3  International comparison

Subsidies to the energy sector, and mainly to
electricity, exist in most countries; the difference
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between internal energy prices and the international
prices, multiplied by the amount of energy consumed
amounted to $215-235 billion in 1993.

The most significant single subsidy is the support
to the coal industry, which is in the last analysis a sup-
port to thermoelectric production; it amounts to about
$11 billion in the OECD countries ($6.7 billion in
Germany alone). Other relevant subsidies have been
quantified for countries including the USA (federal
subsidies for the production of electricity are of the
order of $10-20 billion/y), Russia (nearly $10 billion/y)
and the U.K. (nearly $4 billion/y). In other important
countries (e.g. France) the value of energy subsidies
has not yet been quantified and is not available.

A comparison of these international figures with
the Italian subsidies quantified by the present study
seems to indicate that Italian energy subsidies are far
more important than those in other countries.
Actually, the sectoral studies undertaken in other
countries are usually limited to the analysis of a single
subsidy, while the present study covers all electricity
subsectors and all types of subsidy.

9.3 Implications of the subsidies

While the financial value of the various subsidies
examined here is a measurable quantity, and can be
compiled from economic balance sheets, laws and
regulations or from statistical yearbooks, an evalua-
tion of the economic, industrial or environmental
impacts of the subsidies cannot be based on such
observations, When the amount of a subsidy is
changed, the effects are usually not significant
enough to be distinguished from the effects of other
changes; the price elasticity of the market, on the
other hand, is partially determinable. On the basis of
this kind of information, the evaluation of other
effects must be carried out by means of a theoretical
exercise. In the case of the present study, the tool used
to carry out this exercise was a linear programming
model designed to.make technical, economic, energy
and environmental estimations across several differ-
ent time periods. The model was constructed with the
MARKAL software (see the Note on Methodology
further along).

The implications of the subsidies for the electrici-
ty market, environmental control costs and social
costs were assessed by comparing the differences
between the projections of future development in 1)
an ideal situation without subsidies (referred to as the




benchmark scenario) and 2) a distorted one, where
some or all subsidies have been retained. The model
also sought to explore the likely effects of environ-
mental management policies. For this reason, in addi-
tion to the elimination of subsidies, the benchmark
scenario also assumed, the implementation of a
vigourous emissions control policy. In addition to the
control of acid precursors (SO, and NO,) agreed
under the international protocols of which Italy is a
signatory, a carbon tax with a marginal cost of
$30/tCO, was assumed in the benchmark scenario.
For the sake of comparison, the potential effects of
subsidy elimination and of keeping subsidies are also
evaluated in the absence of the CO; tax.

Due to the method used, the projected effects of
subsidy removal and environmental control pro-
grammes involve a number of uncertainties and
require further demonstration. The assessment of the
financial value of the subsidies presented in the previ-
ous section, on the other hand, is subject to consider-
ably fewer uncertainties.

93.1 Implicaiions Jor the electricity system

The marginal price of electricity in the model
changes - according to the hour of the day, ie. it
depends on the point in the load duration curve,
During peak hours, electricity has a marginal price of
about $0.17/kWh 1in the year 2000, when CQ, control
policies are adopted and subsidies to the electricity
system are removed (i.e. in the benchmark scenario),
but less than half that during off-peak hours. The
prices change according to scenario: the marginal
price in the year 2000, averaged over different hours,
is about $0.115/kWh in the benchmark scenario but
about $0.080/kWh if the subsidies are maintained.
Since the marginal production technologies are ther-
moelectric power plants, and change fuels or cycles
according to the peak demand level, the marginal price
reduction is mainly due to the effects of the public
support to thermoelectric production from fossil fuels
— heavy oil first, coal and natural gas by a reduced
amount - both in the form of cross-subsidies from the
Equalisation Fund and due to exemption from excises.

If the market is subsidised, electricity demand
increases by about 4 TWh/y as an effect of lower
prices. This value is negligible compared to the total
net electricity demand projected for the year 2000
(275 TWh/y). However, when the restricted end-use
markets for electric power (price dependent in the
present ideal experiment) and the long lifetime of
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existing devices are taken into consideration, the
increase in demand becomes much more significant.
No changes are detected in the model for electricity
demand in the industrial sectors, where all of the most
efficient devices are “no-regret”, L.e. they are always
introduced in a cost-optimised system, independently
from CO; control or from subsidies. When subsidies
are active and marginal prices decrease, electricity
demand in the residential sector increases by about
5% for a total projected demand of 66 TWh/y in the
year 2000. This rise is due partly to an increase in the
useful energy demand, particularly in the forced elec-
tricity-use sectors, and partly to a shift from natural
gas or light oil in warm water and space heating uses,
which is presently estimated at about 11 TWh/y. It is
worth noting that the electricity subsidy has a direct
effect of increasing electricity use and an indirect
effect of increasing the diffusion of district heating
produced by co-generation plants. The increase in
consumption is mainly due to VAT reductions for res-
idential uses of eleciricity and to the cross-subsidy
from the Equalisation Fund.

Two other observations can be made concerning
the differences between the subsidy and no-subsidy
projections. First, as one might expect, the magnitade
of the existing subsidies to traditional thermoelectric
production is such that their presence or absence has
direct consequences on the share of electricity pro-
duced by plants using renewable feedstocks. If exist-
ing subsidies are maintained, the share of electricity
produced from renewables falls an average of 2 to 4
percentage points compared to the no-subsidy case.
The first situation, more or less predictable, is the
direct consequence of the very substantial scale of
present subsidies to the traditional thermoelectric pro-
duction. The second observation, less obvious, shows
that the share of independent producers over the total
ESI is changing as well: in an ideal situation without
subsidies, the share of the independent producers
grows from the present 18% to nearly 30% in 2005,
while with subsidies their share reaches 25%. This
indirect effect is due to certain technical aspects of
independent production, which uses combined beat
and power plants. These plants are more efficient and
permit independent producers to further reduce their
electricity production costs by using or selling the
heat. This technical advantage is enhanced in the
absence of subsidies, which tend to reduce the pro-
duction cost of traditional thermoelectric production
regardless of plant efficiency. It should be noted,
however, that these two observations are supported by
less evidence than most of the others reported here,
and are subject to independent confirmation.



9.3.2 Implications for the cost
of environmental controt policies

The control of acid deposition precursors (SO
and NO,) in the medium term has been agreed by most
European countries under different protocols negotiat-
ed or under negotiation in the framework of UNECE.
Under these agreements, Italy must reduce SO, emis-
sions from about 2.0 Mt in 1990 to about 0.7 in 2010;
NO, emissions will probably be reduced from about
1.9 in 1990 to about 1.5 in 2010. According to the
model evaluation, the marginal cost of acid deposition
or precursor reduction ranges from $l/kg to $5/ke,
depending on the type of emission (sulphur oxides
have the lowest values), the sector (nitrogen oxides
from the transportation sector have the highest value)
and the time frame of the emission reduction targets.
The marginal cost of SO, and NOx emission reduction
does not vary significantly with the presence or
absence of subsidies to the electricity sector.

The control of greenhouse gas ernisstons is more
complex. As mentioned earlier, when rational deci-
sion-making criteria are assumed, “no regret” high
efficiency equipment is adopted under all conditions,
and its contribution to reducing CO; emissions is sig-
nificant. However, the potential contribution of “no
regret” options to reducing greenhouse gas emissions
depends on a number of factors. Under conditions of
strong, sustained economic growth, a rapidly growing
demand for energy services will most likely make it
impossible to realise a 50% reduction in greenhouse
emissions across the next few decades (as recom-
mended in the TPCC’s recent Second Assessment
Report) though “no regret” options alone.
Accordingly, the assumptions for the benchmark sce-
pario analysed in the present study include tight con-
trols for greenhouse gas emissions, with a marginal
cost of 50$1CO,. If this “carbon tax” were imple-
mented in Italy, carbon dioxide emissions from the
Italian energy system could drop by 10% compared to
the no regret case in the first decades of the next cen-
tury and could contribute very significantly to stabi-
lizing CO; emissions after 2000, even with strong
economic growth. Emissions of carbon dioxide fall by
about 40 MtCQ; (compared to a total of about 420
MtCO, in 1990) with reference to the no regret case,
for a yearly cost of about $5 to $8 billion/year.

If subsidies to the electricity system are removed,
in both cases CO, emissions are lower: by 15 Mt
CO,/y if CO; control policies are not implemented,
and by a further 10 Mty if CO; is controlled. This
amount becomes more significant when compared

with the CO, emissions of the ESI, about 120 Mt
CO,/y in 1990, a figure that could easily rise to 150
Mt COy/y in the year 2000

When the situation modelled by the benchmark
scenario — no subsidies and a CO; control policy — is
distorted by altering the marginal prices of electricity
through various subsidies, the total discounted cost of
the system increases by about 0.1%. Removing all sub-
sidies reduces the total discounted system cost by the
same amount, regardless of the level of CO; emission
contrel. However, when CO; is controlled, more than
50% of the cost improvement can be obtained through
removal of capital subsidies, while the removal of
cross-subsidies on fossil fuels for thermoelectric pro-
duction yields an improvement of only 10%. In the free
(untaxed) CO, emissions case, the capital subsidy
accounts for 40% of the difference, while fossil fuel
cross-subsidies account for more than 20%.

Investment accounts for about 25% of the total
discounted system cost in the benchmark scenario
and changes according to the level of CO; control
and the presence of subsidies. If CO; emissions are
not controlled, investments drop yearly by about
$600 million/y. The removal of electricity subsidies
increases investment by about $300 million/y. Of
course, the capital subsidy has an opposite effect:
the removal of capital subsidies reduces investment
by about $300 million/y.

Global CO, emissions are reduced by an amount
ranging from one-third to one-half of what is required
for stabilisation when all subsidies are removed. But
not all public supports have the same impact: global
CO, emissions may increase when only certain subsi-
dies, such as import or capital subsidies are removed.
It is clear that more CO. is emitted when electricity
imports are not supported and are replaced by domes-
tic thermoelectric production from fossil fuels. Less
evidently, higher capital costs sometimes have .the
effect of delaying replacement of obsolete, less effi-
cient thermoelectric power plants and slowing the
introduction of new, highly-efficient and capital-
intensive thermoelectric technologies.

9.3.3  An approximate evaluation
of the effects on social benefit

In this context, the overall social benefit of the
energy system, including primary energy supply,
energy technologies and demand devices, environ-
mental emissions and their cpntrol technologies, is
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approximated by the sum of the total discounted
system cost plus the total discounted revenues from
the CO; tax used to reach an acceptable level of emis-
sions (in the present case, a $50/tCO; tax is sufficient
to aftain a near-stabilisation of emissions). In the
terms of the present anal)afhsis, maximum social benefit
is reached in the benchmark scenario, where CO,
emissions are controlled and all subsidies to the efec-
tricity sector are removed.

The presence of subsidies to the electricity sector
is currently associated with a social cost of $2.7 bil-
lion in annuity equivalent terms, a figure that rises to
almost $5 billien in 2010. This cost is mainly due to
net subsidies (which account for $1.3 billion annual-
ly} and of these, capital subsidies account for the most
significant share ($1 billion). The social cost connect-
ed to cross subsidies is an estimated $0.7 billion
annually, and is mainly due to the cross subsidy to
fossil thermoelectric {see Table 9.2).

80 per cent of this social cost is due to losses in
the economic efficiency of the energy system entailed
by the subsidies, while the rest is due to the poor envi-

ronmental efficiency of the subsidised system. In
other words, from the perspective of environmental
management, eliminating the electricity subsidies
would yield a double dividend.

9.3.4  Implications of subsidy removal

in the absence of CO; controls

When CO; emissions are uncontrolled, the emis-
sion-reducing potential of subsidy elimination
becomes more significant. The removal of electricity
subsidies is likely to increase the marginal cost of
electricity by $0.035/kWh, and this increase has a
higher relative weight when the carbon tax is not
implemented. Another likely effect of subsidy
removal under these assumptions is a 10% increase in
the use of renewable energy sources.

The impact of subsidy removal on total system
cost, CO, emissions and social benefit is affected by
the degree of CO, emission control in different ways.
First of all, the effect of subsidy removal on total
systermn cost remains the same whether or not CO, con-

Tabie 9.2: Incremental costs and CO; emissions resulting from electricity subsidies in Italy
(values indicate increments over the benchmark, i.e. the case without subsidies and with a carbon tax of 50$4CO0,)

Indicator: annuity equivalent of: Avg. annual sys CO; emissions Social Cost (M$/y)
costs (M$/y) (Mt COy/y)
Avg, value in benchmark case: $194.15 billion, 385.4 Mt
Value for ESI in 1990: $16.75 billion 122 Mt $327.35 billion
$50/t CO, tax $50/t CO; tax $50/t CO; tax
Subsidies in place relative tobase  relative to no. relativetobase  relative to no. relative to base relative to no.
with tax subsidies with tax subsidies with tax subsidies
None (base) 0 -147.4 {base) 0 40.1 (base) 0 1589
Cross subsidies:
- to imported electricity 201.9 -26.1 -3.2 352 78 1474
- non-fossil to fossil fuel gen. 283.0 465.0 7.2 49.3 533 2540
- consumer cross-subsidies 153 -146.9 -0.6 40.1 1 1590
TOTAL CROSS SUBSIDIES 624.5 461.5 0.9 46.8 633 2462
Net subsidies:
- 9% VAT on resid. sales 117.1 -1334 0.6 40.7 146 1623
(19%=norm)
- subsidies to capital invest. in ES1 1150.1 741.7 -5.3 43.4 1032 2644
- no excise tax on fossil fuel use -49.3 13.1 3.0 46.0 68 1985
TOTAL NET SUBSIDIES 1160.0 878.5 4.2 51.1 1286 2998
TOTAL SUBSIDIES 2184.9 2068.1 13.8 59.3 2689 4537
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trol policies are adopted. Without CO; control policies,
the removal of subsidies causes an increase in average
social benefit equivalent to $2.95 billion annually. This
figure declines somewhat in the presence of controls,
falling to $2.7 billion, because subsidy removal in the
absence of controls results in a greater improvement of
the economic efficiency of the energy system. {Note
that this does not mean that overall benefits are lower
when both C(, controls and subsidy removal is
assumed, but only that the amount of social benefit
directly related to subsidy removal 1s reduced.) Finally,
subsidy removal alone is responsible for an average
emission reduction of 19 MtCO, annually, while in the
presence of CO, controls, the share of emissions reduc-
tions directly caused by removing subsidies (i.e. not
counting the additional reductions due to the controls)
drops to 14 MtCO; annually. Since this valve (ie. 19
Mt CO,) is nearly half of the emission reduction likely
to result from a $50/tCO, carbon tax, in addition to its
other effects, eliminating subsidies to the electricity
sector can be thought of as a partial surrogate to emis-
sion control policies.

9.3.5 Conclusions and implications
If subsidies are removed from the electricity
sector, the likely effects include:

— areduction of CQ; emissions by a few per-
centage points;

— a slight drop in the cost of control of NGO,
emissions from stationary sources;

— anincrease in the average efficiency of elec-
tricity production;

— an increase in the market share of indepen-
dent producers.

The quantitative scale of the effects is less than
originally expected, considering the amount of the sub-
sidies; this could be a result of the following factors:

— electricity demand in Italy is not very sensi-
tive to changes in price;

— there are few substitution options for the
Italian electricity supply industry.

The effects of removing subsidies are more pro-
nounced in the long term because while they are
important enough to alter competition between new
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plants, they are not significant enough to compel the
replacement or shutdown of existing plants and end-
use devices. Therefore, it is important to begin
removing subsidies as soon as possible. Since the
repiacement process is slow, the longer subsidies
remain in place, the longer it will take for the benefits
of an eventual removal of subsidies to manifest,

Furthermore, the model used in the study shows
that the effects of carbon dioxide emission control poli-
cies and subsidy removal are synergistic: when these
measures are adopted simultaneously, the overall
improvement is greater than the combined effect of
each measure used independently. The removal of
electricity subsidies continues to be effective in the
long term, when the enforcement of carbon dioxide
emission reduction policies is more likely; however,
subsidy removal is even more effective, in both abso-
lute and relative terms, in the intermediate period
before quantified emission reduction and limitation
objectives for a specified time frame have been agreed,

9.4 Note on methodology

The above evaluation of the environmental
impacts of Italian energy subsidies was carried out
wsing the MARKAL meodel generator developed by
the IEA’s Energy Technologies Systems Analysis
Group in 1978-80 and continuously updated since
then. A linear programming model of the Italian
energy system was set up using this simulation tool.
The model explores several time periods and can be
solved on the basis of any of a number of cbjective
functtons. The costs of reducing CO; emissions were
evaluated with the first version of the model database.

The MARKAL matrix generator and report
writer was updated to suit the purposes of the present
stndy. An updated version of the Jtalian database was
also prepared and a new framework for scenano con-
struction was adopted.

The original version of MARKAL has often been
defined as a shadow price generator. Initially, the
demand for private goods such as useful energy and
public goods such as environmental emission levels
are defined. The model then calculates the shadow
prices in each year for eagch good from the supply
curve of very detailed technological chains from the
primary supply to the end-use demand, choosing the
optimal mix among hundreds of processes, plants and
devices, user-defined and evolving with time. Prior to
the changes made to most recent version of




MARKAL, shadow prHces were calculated from the
cost of the various technologies, the cost of import,
the cost of abatement, and so forth.

Among the MARKAL updates of recent years,
two are relevant for thg present analysis. First, the
fixed time profile of specific demand for energy
goods has been replaced by price dependent demand
profiles, and the Pareto optimum is now calculated as
the equilibrium point of *both useful energy supply
and demand curves. In the present exercise, the so-
called “elastic MARKAL” approach has been used,
instead of the MARKAL-MACRO or MARKAL-
MICRO versions, which required more database
changes. Second, it is now possible to increase or
decrease the shadow prices of the resource and of the
private/public goods by amounts equal to taxes and
subsidies. In other words, it is now possible to con-
struct separate scenarios with shadow prices similar to
the present and projected internal prices, and which
depart from the marginal production costs and include
taxes and subsidies.

Another feature of the present analysis that is
somewhat different from previous MARKAL evalua-
tions involves the extensive use of cumulative values
such as total discounted system cost and CO, emis-
sion values to draw conclusions. The use of cumula-
tive values has the effect of averaging the yearly
values, which sometimes shift randomly from one
year to another due more to slight changes in the level
of subsidies than to the optimal technological mix,
Since all the effects analysed are time-dependent —
negligible in the base statistical year and maximum in
the last year - the averages calculated from cumula-
tive values apply to the central year of the model (the
year 2000), and may be estimated to be twice as large
for the final year of the model time horizon.
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Chapter 10
The Markét Reforms

in the Norwegian Electricity Sector®

a

ith almost 100% of its electricity production

based on hydropower, Norway is in a unique

position when it comes to disposal and emis-
sions from the power supply system. As a renewable
resource, water power does not produce any waste or
emissions to air. Compared to many of the other
QECD countries, in which coal-fired power and nucle-
ar power are the main sources of electricity produc-
tion, Norway's power production has a modest impact
on the environment. This is particularly evident where
emissions of greenhouse gases are concerned,

The starting point for the discussion of the envi-
ronmental consequences of the Norwegian Energy
Act was the argument that a more effective utilisation
of resources would also contribute to a better environ-
mental situation in general. In the years preceding the
reorganisation, the power market was characterised
by excess capacity and overinvestment, by price vari-
ation throughout the country, and in some cases by
the fact that expensive power plants were built before
inexpensive plants. This indicated a situation where
resources were not optimally utilised. There was a
potential for both economic and environmental gains
with a more efficient organisation of the market.

Prior to the reorganisation of the electricity sector,
the Norwegian power market was characterised by an
excessive production capacity. Nevertheless, invest-
ments in new capacity continued. This tendency
towards over-expansion in generation capacity was

partly a result of the pre-deregulation requirement that
regional utilities meet all demand in their area,

However, high levels of production in the years
prior to the Energy Act were also a consequence of
the comparatively high level of precipitation during
these years. Energy production has in the past varied
significantly according to water inflow to the rivers
and the reservoirs connected to the hydropower
plants; this factor can affect annual production by as
much as +20 TWh.

The large power surplus in Norway before the reor-
ganisation of the market resulted in low prices in the old
Power Pool (restricted to large power producers). In
addition, power was exported at very low prices.

The Energy Act came into force on 1 January
1991 and laid down the general terms and the legal
framework for a more efficient utilisation of energy
resources. Since the reforms were implemented fairly
recently, it remains difficult at present to draw any
definite conclusions on the impacts of the law. Some
of the elements of the market reforms have been grad-
ually introduced and others are still being prepared
for implementation. This also makes drawing final
conclusions difficult, but the basic assumption is that
the reform had a positive impact on the environment.

During the same period, there were also changes
in a number of other factors influencing development

1. The study summarised here has been published as “The Market Reforms in the Norwegian Electricity Sector”, in
“Supports o the Coal Industry and the Electricity Sector”, vol 2, “Environmenta! implications of Energy and Transport Subsidies”,

OECD/GD(97)155, OECD, Paris.




in the sector. The most important factor is linked to
the annual and seasonal climatic variations in tem-
peratures which affect demand, together with varia-
tions in the amount of rainfall, which affect the
inflow to the hydro system and thereby spot prices,
conjunctural changes in the economy, and the rela-
tionship between the price of 0il and the marginal
cost of electricity, Due to the fact that collecting and
revising relevant data are very time-consuming activ-
ities, the 1993-1994 statistical data necessary to anal-
yse these phenomena have until now been limited. It
is, however, already possible to observe important
changes in some areas.

Energy prices are important carriers of informa-
tion in a market-based electricity sector, One impor-
tant function of a transparent electricity price is
transmitting information on the costs of energy use to
the consumer. At the same time, power prices pro-
vide information on the future return of investments
in  power  transmission and  production.
Environmental taxes added to energy prices would
provide incentives for more environmentally-benign
production and consumption. At present, the environ-
mental taxes levied on the Norwegian energy sector
are among the highest in the world.

The general objective of the Energy Act was to
develop prices that to a larger extent reflected supply
and demand conditions, reducing the unnecessary vari-
ations in prices between different users and regions,
after due consideration of environmental concemns.

Prices in the wholesale market fell considerably
following the introduction of the Energy Act. Further,
wholesale electricity prices have become more close-
ly linked to medium-term expectations in the spot
market. This represents a change of conditions before
the implementation of The Energy Act, when substan-
tial differences existed between wholesale energy
prices and the average price level in the spot market.

Changes in wholesale prices have also to a larger
extent reached the end user. Several larger and
medium-sized industrial and commercial customers
have renegotiated their contracts and obtained sub-
stantial price reductions. Household electricity
prices, which had increased each year before the
Energy Act came into force, stabilised following the
introduction of the Act.

During the years after the implementation of the
Energy Act, there was a gradual trend towards more
even prices between different users and regions. The
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degree of price variation in contracts for the whole-
sale market has decreased. In 1993, 83 per cent of the
househeld prices were within a variation area of only
+ 2 gre/kWh, compared to 54 per cent of the prices
the year before. There are strong indications that price
variations between industrial customers have also
decreased. This is particularly the case among the
actors now participating in the market. The equalisa-
tion of prices will help ensure that both energy con-
servation efforts and environmental considerations
are evaluated under equal conditions, regardless of
the region of the country concerned.

The influence of the market price can also be
illustrated by looking at the increased turnover in the
organised markets. Both the spot market and the
weekly market have been gaining in importance
during the last few vears. A total of 41 TWh was
traded in the organised market in 1995, compared to
28 TWh in 1994,

The existence of an electricity market with a
larger degree of market-based price formation has led
producers to think and trade in a more commercial
manner. Since trading or capacity investment deci-
sions are now to a greater degree subject to cost con-
siderations, the actors involved have incentives to
avoid the waste of resources. During the years from
1990 to 1994, power consumption at constant supply
increased by 10 TWh, while the capacity during the
same period only increased by 2-3 TWh. In spite of
this, there has been no dramatic increase in price. To
put it more succinctly, a substantial drop in wholesale
prices has not led to an increased demand. This indi-
cates a more efficient use of resources than has earlier
been the case, and is beneficial for the environment.

The effects of the Act on investments have been
obvious. Before the Energy Act was introduced, dis-
tribution companies had the obligation and exclusive
rights to supply the customers in their own area, and
were not at risk when building and investing in new
capacity. Local projects with high costs and less prof-
itability could be given priority before projects in
other areas with less cost and higher profitability. The
implementation of a competitive market, in which
consumers are free to choose their supplier, has made
it difficult for producers to raise consumer prices in
order to cover costs. After the Energy Act, producers
have been forced to carefully evaluate the potential
return on their investments, with respect to their esti-
mates of power sales and the market price on power.
Investment in and expansion of the power system has
clearly declined since the 1970s and 1980s. The direct




environmental impacts of hydropower are associated
with the construction of power stations and storage
reservoirs and with the construction of transmission

lines for transport. These factors have an effect on the
natural environment. Together, the decline in invest-
ment and more effective production have led to a
decrease in encroachment upon the remaining
untouched watercourses and surrounding nature.

Since the high voltage transmission system is
considered a natural monopoly, one important step in
reorganising the power sector was to regulate the ser-
vices related to the high voltage transmission system,
conduct monopoly control to ensure the best utilisa-
tion of resources and secure non-discriminatory
behaviour by the system operator. Today, a larger
degree of rationality seems to dominate in this sector.
The introduction of point fees and regulated third
party access to the grid has made it more difficult for
the system operator to pass on the costs of uneconom-
ical investments to the consumer. The preparation of
monopoly control and effectiveness is, however,
under continuous development. This makes it difficult
to verify any measurable effects so far, but there is
some evidence that there has been a small reduction
in the transport costs during the last three years.

The stricter ranking of priorities for new projects
following the reorganisation of the electricity supply
sector represents the most important gain for energy
efficiency and the environment resulting from the
Energy Act and the introduction of competition.
Environmental considerations relating to the exploita-
tion of water resources still play an important role in
the concession system for new production capacity.
This aspect of the decision-making process was not
affected by the Energy Act.

The general development of electricity demand
also depends on factors outside the power market.
Changes that have taken place after the implementa-
tion of the Energy Act may lo a large extent be
explained by changes in economic activity and cli-
matic conditions. Lower prices to those final con-
sumers active in the market may have contributed to
a small increase in household consumption.
Consumers have experienced a decrease in the price
of electricity compared to oil. The substantial
decrease in c¢il consumption during the last 10-12
years has reduced emissions of CO,.

With the exception of 1994, when high spot
prices led to a stronger focus on substitution, this
trend continued following the implementation of the
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Energy Act. The environmental impacts of a sus-
tained movement away from oil must be weighed
against the alternative: the continued development of
walercourses or tmport of coal-based power will also
have environmental consequences. By offering prices
partly or fully connected to spot prices in contracts to
both industrial customers and households, a more
raticnal balance between oil, electricity and bio power
could be a longer-term result of the Energy Act.

A new framework for foreign trade in electricity
has ensured an effective power exchange with compa-
nies in other countries. One logical consequence of
the Energy Act was to remove the Statkraft’s former
export monopoly. After the reorganisation of the elec-
tricity sector, three long-term cable agreements were
granted a license. These developments make power
trade with countries outside the Nordic area possible
after the year 2000. The exchange agreements will
make the Norwegian electricity balance more robust
and help to stabilize electricity prices in Norway.

The environmental impacts of Norwegian power
exchange are not straightforward, and depend on
whether Norway is a net exporter or a net importer of
power. Norways hydropower system is unique as
regards supply of electricity at times of the day when
the demand is high. Unlike electricity production
based on thermal power, hydropower production can
be easily adjusted up or down. The natural advantages
of the hydropower system’s ability to supply electrici-
ty during peak periods, and its rapid and cost-effec-
tive adjustment capacity represents a substantial
revenue potential for Norway.

With Norwegian net export and Norwegian
hydropower replacing coal-fired thermal power in
neighboring countries, overall and regional emissions
will be reduced. Countries with systems based on
thermal power can reduce investments in new capaci-
ty by entering into long-term contracts based on peak
load power from Norway. Conversely, the connec-
tions with neighbouring countries give Norway the
possibility of importing power in dry years. The need
for capacity expansion in the Norwegian hydropower
system will then be lower, and this will have a posi-
tive effect on the environment.

Private sector efforts in the field of energy con-
servation have not declined since 1994, when the
system of iInvestment grants was discontinued.
Energy efficiency activities in the public sector have
declined due to the evaluation of policy instruments
and a reduced budget, and not because of the intro-



duction of market reforms, However, the Energy Act
has at the same time forced policymakers in the area
of energy efficiency to reassess how to undertake
energy efficiency policies in a deregulated market.
The authorities have reorganised the cnergy conserva-
tion work and selected instruments that are far better
adapted to the situation after the implementation of
the Energy Act. Energy prices are the most important
signals to encourage cOnsumers (o use energy effi-
ciently. A lack of information (e.g. proper access to or
a proper understanding of price signals) can, however,
create a lack of awareness of the benefits of conserva-
tion, both on the supply and on the consumer side. In
response, the authorities have focused their energy
efficiency efforts on information activities, education,
introduction of energy conservation technologies and
on the establishment of regional energy conservation
centres. These measures are alternatives to expensive
subsidies. However, the greatest gain in energy effi-
ciency after the implementation of the Energy Act has
resulted from changes in the incentives towards more
effective investments in production.

The current objective of public energy efficiency
policy is to develop a greater awareness of the possibil-
ities for more efficient energy use. The potential for
energy conservation will be to a great extent deter-
mined by the general price level, and will depend more
specifically on the costs of new energy supply and the
environmental taxes imposed on energy activities.

The power market is a mechanism that can effec-
tively transmit signals on the economic and environmen-
tal cost of electricity to the individual decision maker.

The reorganisation of the electricity sector has led
to a more conscious and rational development of
hydropower. Direct encroachment on natural arcas has
been reduced by a decline in capacity investments due
to more effective investment criteria. In spite of this, it
should be pointed out that the public authorities stll are
in charge of the administration and resource manage-
ment of power resources. Licensing procedures and
protection plans enisure an environmentally-benign use
and expansion of hydropower developments. The
Energy Act has not changed the fundamental objec-
tives of the energy sector, but is considered a beiter
means to reach the goal of an effective and environ-
mentally sound electricity market.
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Chapter 11

Electricity-Related Supports in the

United Kingdom*

Laurie Michaelis, OECD

particular interest for a study of the effects of

removing government interventions. The
United Kingdom is in the process of a radical restruc-
turing of its electricity supply industry (ESI). This has
involved unbundling of the former nationalised
Central Electricity Generating Board and privatisation
of many of its componeats, along with the Regional
Electricity Companies responsible for distribution of
electricity. At the same time, the wider market condi-
tions facing the ESI changed with the privatisation of
British Gas in 1986, British Coal in 1994 and British
Energy (part of the nuclear industry) in 1996.

The electricity sector in the United Kingdom is of

Energy market developments and projections for
the United Kingdom indicate a rapid reduction in coal
use and its associated environmental impacts from
1990 to 2010, although a subsequent increase is possi-
ble. A particular task of this case study is to explore
whether the reduction in coal use can be considered a
result of removing government subsidies and, if so,
which subsidies and market conditions are critical to
any change in direction that has occurred.

The restructuring process has resulted in
increased transparency of institutional and govern-
mental supports for the various parts of the ESI, as
well as other market imperfections. Several investiga-
tions have been carried out into the economics and
technical prospects of the various electricity sources,
and of energy technology in general. This case study

draws on the various investigations to evaluate what is
known, or can be anticipated, regarding the effects of
market liberalisation on the environmental effects of
electricity production and use in the United Kingdom.

The case study takes the early 1980s as the start-
ing point for the analysis. It looks at the government
supports in place at that time, and considers through a
set of scenarios what might have happened if those
suppoerts had remained in place through to 2020.
Thus, the “without-subsidies” scenarios are the busi-
ness-as-usual cases, and the “with-subsidies™” scenar-
tos are the counterfactuals.

The study focuses on the removal of the follow-
ing types of subsidies or market distortions related to:

—  Government support for the use of coal and
nuclear power,

— Government support for new electricity
investment and for electricity consumption.
Support for electricity investment includes
the provision of financing at rates of return
below those typically required in the private
sector. Support for consumption includes the
absence of value added tax (VAT) on
domestic fuel purchases.

The policy discussion in the report relates mainly
to the electricity industry in England and Wales and to

1. The study summarised here has been published as “Case Study on Electricity in the United Kingdom”, in “Supports to
the Coal Industry and the Electricity Sector”, vol 2, “Environmental implications of Energy and Transport Subsidies”,

QECD/GD{97)155, OECD, Paris,




Figure 11.1: Power generation mix in the United Kingdom, 1960-1992
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Figure 11.2: Estimated support to British Coal, 1982-1994
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some extent in Scotland. The industries in Scotland and
Northern Ireland have undergone deregulation under
separate legislation from that in England and Wales.

11.1  Supports to coal production

Power generation in the United Kingdom has been
based mainly on coal throughout this century. The
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amount of coal bumed in power stattons peaked in 1980
at 56.4 Mtoe. The generation mix over the last three
decades is shown in Figure 11.1. Qil-fired generation
has been important, mainly for meeting peak power
demand, though there was a considerable increase in its
use for baseload generation in the early 1970s followed
by a rapid decline after the oil price rises of 1973/74 and
1989/90. Oil also played an important role in maintain-
ing baseload power supply during the 1984 coal miners’




strike. Nuclear power became a significant source from
the 1960s, supplying 26% of electric power in 1994,
Little power was generated from natural gas until the
1990s, except for a small amount used in gas turbine
peaking plant during the 1970s.

Other energy sources began to displace coal more
rapidly in the late 1980s and early 1990s as a result of
imports of electricity from France, increased nuclear
output and the entry into service from 1991 of com-
bined cyele gas turbine (CCGT) plant burning natural
gas. By early 1995, 15 GW of CCGT was in operation
or under construction, exceeding the total nuclear
capacity in service.

The price of British coal for power generation
until the late 1980s was marginally higher than the
average for OECD Europe and very much higher than
that in the United States or Australia. Nevertheless,
coal was cheaper than gas for baseload power genera-
tion at least until the mid- to late 1980s. At this point
several key changes occurred: in 1984, a coal miners’
strike, aimed at forestalling management efforts to
streamline the industry, failed; from the mid-1980s, a
new natural gas-based generating technology, CCGT,
became available; and the European Council repealed a
directive that had limited the use of gas for baseload
power generation. In addition, U.K. commitments to
reduce national emissions of sulphur and nitrogen
oxides (SOy and NOy) implied rising costs of coal-fired
power generation because of the cost of emission con-
trols, although one lower cost alternative was to import
low sulphur coal for use in existing power stations.

Coal production in the United Kingdom was
supported during the 1980s by government grants to
cover operating losses, and by understandings with
the electricity industry that a substantial amount of
domestically produced coal would be purchased for
power generation. Figure 11.2 shows the IEA’s esti-
mates of coal production support over the twelve
years to 1994. It should be noted that the whole of
this period was a time of transition for the coal indus-
try and the support does not necessarily represent
“business as usual™.

11.2 Supports te nuclear power
Government support for nuclear power in the
early 1980s took the form of:

—  The use of low test discount rates in tech-
nology choice: if a 10%-11% required rate
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of return (RRR) is taken as the benchmark
for the market rate, the 5% RRR required by
the government in the early 1980s reduced
the apparent cost of nuclear-generated elec-
tricity by approximately 1.6 p/kWh (nearly
40%}). Some would argue that a discount rate
around 5% is appropriate for considering
public sector investment, on the basis that it
reflects the real social cost of capital. On the
other hand, the main reason the private
sector uses higher test discount rates is the
need to account for risk. In theory, govern-
ments may be in a position to do this explic-
ity through a stochastic analysis of
investment options, but in practice it is not
always obvious that risk is adequately
addressed in public sector investments.

Government involvement in ESI planning,
which was perhaps influenced by optimism
about nuclear technology, resulting in the
industry accepting, or overlooking, the high
costs involved,

Government-funded R&D for conventional
nuclear power, similarly influenced by tech-
nology optimism, which peaked at about
£295 million (1993 pounds) in 1983,

Limited liability for nuclear operators. This is
often cited as the most important form of gov-
emment support for nuclear power. No pri-
vate company has been prepared to shouider
the risk associated with final disposal of high
level nuclear waste, nuclear plant decommis-
sioning and nuclear plant accidents. The mon-
etary valuation of this risk is discussed below
in the section on externalities.

1.3 VAT on residential fuel use

VAT is applied to most goods and services sold
in the United Kingdom, including energy-using appli-
ances and energy efficiency-improving equipment
and services, at a rate of 17.5%. Prior to 1994, elec-
tricity and fuel sales to domestic customers {along
with certain other goods, such as food and children’s
clothes) were zero rated for VAT. The difference in
tax [reatment between energy consumption and
energy saving, as well as more general retail of goods
and services, can be viewed as a market distortion
encouraging higher energy consumption and hence
environmental impacts.



There is ne “correct” rate of VAT and, therefore,
no correct basis for calculating the size of the distor-
tion or of any implicit subsidy to consumption, but
the normal rate of 17.5% can be taken as a benchmark
against which to estimate government support for
electricity consumption. Taking the implicit support
simply to be the amount that would have been paid if
electricity sales had been subject to 17.5% VAT, the
national total would be £1.09 billion in 1990 and
£1.33 billion in 1993.

In April 1994, the government began to levy
VAT at a rate of 8% on domestic fuel and electricity
sales. Electricity prices increased correspondingly,
although they subsequently fell substantially.

An increase in the prices of all domestic fuels as
well as electricity is expected to result mainly in a
reduction in electricity demand. Overall, the long
term effect of the 8% VAT introduction, on top of
underlying price changes, could be a reduction in
annual CO; emissions by perhaps 150 000 to 200 000
tonnes, There might be an increase in oil use in resi-
dential boilers, largely in rural areas and small towns
without access to natural gas. This would result in
higher emissions of pollutants in these areas.

11.4  Evaluation of effects of subsidy reform

The U.K. case study explores the effects of market
reform through scenarios of ESI investment and plant
deployment to meet electricity demand to 2020,

Reference scenarios (in which the market is
reformed and subsidies are removed?) are taken from
the government’s 1995 projections of energy use and
CO; emissions. The Department of Trade and
Industry (DT} developed several scenarios based on
various GDP and energy price levels; these are pub-
lished by the U.X. Government in Energy Paper 65
(EP65). The U.K. case study uses only two of these,
both assuming “central” GDP growth, with low and
high energy price levels.

Four with-subsidies scenarios are developed,
based on the same two price scenarios as the EP65
scenarios, and using two alternative sets of assump-
tions about the relative capital costs of coal-fired
power stations, nuclear power and CCGT. Key
common assumptions in these scenarios are:

~ coal supports are phased out gradually, as
opposed to rapid removal in the reference
scenarios, so that the industry does not fall
below its historical (1960 to 1980) rate of
decline in outpur;

— nuclear supports are also gradually reduced,
as opposed to rapid removal in the reference
scenarios, consistent with a view of nuclear
power as an emerging technology requiring
support to enter the market;

—  the ESI remains a public sector monopoly,
able to base construction decisions on dis-
counted cash flow at a 5% discount rate?; the
reference scenarios take account of the
effects of privatisation and competition,
including increased own generation by
industry, and ESI construction decisions are
based on an 8% discount rate®:;

—  the pre-1985 capacity demand ratio is main-
tained, implying a load factor for baseload
plant in the region of 60%-70%, and construc-
tion of a combination of the cheapest and
second-cheapest supply options at any time, to
maintain flexibility in the generating mix; in
the reference scenarios, the capacity demand
ratio declines considerably, with baseload plant
operating at its design limit of around 85% and
with most new construction being CCGT;

— the rencwable ecnergy subsidies known as
NFFO are retained as in the reference sce-
narios, Tesulting in the same level of
deployment, and power imports are
assumed at the same level,

2. Some supports are retained in these scenarios, however.

3. This was the RRR for public sectar projects in the United Kingdom until it was raised to 8% in 1989, A 5% discount rate
was used to assess investment choices in new generating plant in the early 1980s, prior to theseform of ESI poficies. 1t might
be argued that an 8% discount rate should be used for the “with-subsidies™ scenarios, taking the RRR increase to be part of
more general policy changes independent of ESlrelated policy. Alternatively the RRR revision and the process of ES! policy
reforms can be seen as part of the same, broader set of policy reforms undertaken in the United Kingdom during the 1980s,
aiming, inter alia, to put the public sector on a more equai footing with the private sectar.

4. This may be below the rate of return actually sought by the privatised and competitive E'S____t in.the United Kingdom.




— aggregate electricity demand responds to
changes in generation costs with an elastici-
ty of -0.2 (generation costs make up
approximately half of the electricity price,
and the overall long-run price elasticity of
electricity demapd in the United Kingdom
is approximately -0.4).

No attempt is made in the scenarios themselves
to distinguish among the effects of individual aspects
of market reform and subsidy removal, but the pro-
cess of scenario construction has allowed the author
to make certain observations regarding the effects of
individual subsidies:

~  The use of a 5% discount rate is an essential
component of ESI support. Without it, no
new construction of coal-fired or nuciear
capacity would occur.

— The removal of the subsidies to coal and
nuclear power would not necessarily have
had much effect on the use of these energy
sources if a 5% RRR had been retained. If
relatively  high construction costs  are
assumed for coal and nuclear, such as exist-
ed in the United Kingdom prior to the recent
market reforms, CCGT would be the tech-
nology of choice even with high gas prices.
On the other hand, if lower estimates of con-

struction costs are used, imported coal and
unsubsidised nuclear power are cheaper than
CCGT in the high gas price case.

~  The maintenance of coal supports, declining
at the historical rate, would result in substan-
tially higher coal use and hence greenhouse
gas emissions than would otherwise occur in
2000, but not beyond 2020,

—  The maintenance of nuclear supports would
lead to additional construction of nuclear
power plants only to 2000 in most scenarios;
only in the scenario with high oil and gas
prices and low plant construction costs
would nuclear subsidies result in new nucle-
ar construction beyond 2000.

The implications for CQ, emissions are sum-
marised in Figure 11.3, which compares annual ESI
emissions in the various scenarios. Note that it is pos-
sible to identify situations in which subsidies result in
very much higher CO, emissions (with a combination
of capital subsidies via low RRR and direct or indirect
subsidies to coal) and situations where subsidies lead
to lower CO; emissions (as in the case of nuclear sub-
sidies combined with low RRR). In all of the with-
subsidies scenarios, CO, emissions are higher in 2000
than in the EP65 scenarios, essentially as a result of
the assumption that domestic coal production would

Figure 11.3: CO; emissions with and without subsidies
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Figure 11.4: 8O, emissions with and without subsidies
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Figure 11.5: Emissions of NO, with and without subsidies
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be allowed to decline no faster than historical trends
in the with-subsidies scenarios.

Figures 11.4 and 11.5 provide similar results
for emissions of SO, and NO,. One effect of the
less precipitous shift in the generating mix in the
with-subsidies scenarios is that more of the existing

coal-fired plant is retrofitted with FGD in the early

~

1990s. This results in lower $O, emissions through
most of the period,

Average electricity gefieration costs are increased
in the with-subsidies scenarios by up to 40%, or 1
p/kWh, depending on the scenario and time (see
Figure 11.6). Much of this increase is due to the larger
capacity planning margin in the with-subsidies sce-
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Figure 11.6: Average cost of electricity ‘generated under several scenarios
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narios, which results in roughly 40% more capacity in
2020 than is built in the EP65 scenarios.

The total subsidy in the form of transfers from
consumers to the ESI through electricity prices is in
the range of £1.5-1.9 billion in 2010, depending on
the scenario. The effect of market and subsidy reform
on total CO, emissions ranges from a 10 million
tonne increase to a 10 million tonne decrease, depend-
ing on the scenario.

The study makes several very rough estimates of
the effects on consumers of producer and consumer
subsidies and cross-subsidies:

In the with-subsidies scenarios, higher elec-
tricity costs, resulting from ESI price sup-
ports and the large capacity planning margin,
are likely to result in roughly 12-14% higher
electricity prices and 5% lower electricity
demand, with some additional use of fuels in
end-use. CO; emissions might be reduced by
about 4 million tonnes in 2010. This is small
but significant, compared with the effects of
the coal supports on the electricity genera-
tion mix and associated emissions.

Price swings are such that the balance of rev-
enue between industrial and residential con-
sumers has shifted about £500 million ($800
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million) either way over the last ten years.
Assuming a cross-subsidy exists of about
half of this amount, it would be expected to
result in around 0.3% lower electricity use
but higher consumption of fuels in end-use,
resulting in a reduction in CO; emissions by
about 0.6 million tonnes.

The reduced rate of VAT on the residential
use of energy, at 8% instead of the general
rate of 17.5%, amounts to a tax expenditure
of about £700 million ($1.2 billion) and
results in increased CO, emissions in the
region of 0.2 million tonnes. Less fuel
switching occurs in this case than in the case
of electricity cross-subsidies because the
subsidy applies to all residential energy use,
so price changes affect all fuels,

11.5  Effects of removing externalities

This section considers the effects of introducing
“externality adders” to the costs of electricity genera-
tion from various fuels and technologies, using the
working values for externalities reviewed in the case
study. The case study calculates the levelised cost for
existing and new plant including such adders. The
adders are taken to be: 0.1 p/kWh for nuclear power,
2 p/kWh for old coal-fired plant without emission



controls; 0.75 p/kWh for old or new coal-fired plant
with FGD and low-NO, burners; 0.75 p/kWh for new
oil-fired plant with FGD and low-NOy burners; and
0.2 p/kWh for CCGT.

The large adder for existing coal-fired plant with-
out emission controls makes this the most expensive
plant for baseload operation. However, it might be
competitive for use lower in the merit order (at load
factors well below 30%), as the capital cost of new
plant makes it uneconomic to operate at low load fac-
tors. Nor is retrofitting FGD to existing coal-fired plant
competitive with alternative options under most cir-
cumstances, The cheapest baseload technologies with
the externality adders used here are nuclear power and
CCGT. In all but one scenario, CCGT is cheaper than
nuclear power unless the latter is subsidised. However,
subsidised nuclear power is cheaper than CCGT in all
scenarios to 2000, and in all but one thereafter.

The introduction of externality adders based on
the working values used here would thus be expected
to result in a very substantial shift to CCGT and nucle-
ar power, and a reduction in emisstons of conventional
air pollutants and greenhouse gases. The extent of
these reductions has not been quantified in the current
study. It should also be noted that the value used for
the nuclear power externality lies below the middle of
a range from the literature that spans three orders of
magnitude (i.e. from a factor of 12 smaller to a factor
of B0 larger). A nuclear extemality ten times higher
than that used here would make nuclear power more
costly than CCGT in all scenarios.

In conclusion, the use of externality adders to
generating costs would be expected to work largely
in the same direction as subsidy removal in terms of
encouraging the use of CCGT at the expense of coal.
However, whereas removing subsidies may leave a
large tranche of existing economic coal-fired power
stations, externality adders would render these
power stations unable to compete with CCGT for
baseload generation.
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Chapter 12

Evaluation of the External Costs
of Road Transport in France
and the COnseduences of Cost Internalisation

J-P Orfeuil, INRETS, Arceuil

In the framework of a global study on the envi-
ronmental implications of support for the energy
sector organised by the QOECD, research teams in the
United States, France and Japan undertook an analy-
sis of the overall costs of the road transport system in
their respective countries and their rate of coverage
by specific revenue, as well as an analysis of the
effects that -a strategy of complete cost coverage by
specific revenue would have in each country. In all
three countries, the analysis was constructed around
the same reference year (1991), and the effect of the
possible strategies was evaluated for the same time
horizon (2010). This report summarises the French
contribution to the study.

After a brief overview of the characteristic fea-
tures of road activity in France in 1991 {Chapter 1 of
the full report, cited below), the report deals in turn
with the evaluation of the overall revenue (Chapter 2)
and expenditure (Chapter 3) connected with road

activity in France!.

In this first balance, only specific tax revenue (i.e.
for the most part excluding VAT) is taken into account
and only the direct monetary expenditure (excluding
VAT) of the public authorities on road investment,
maintenance and operation, Table 12.1 summarises
the overall balance, As one can easily observe on the
basis of the figures presented in the table, the French
fiscal sitvation — fairly representative for Europe —

leads to a surplus of specific revenue over direct mon-
etary expenditure connected with road activity.

However, road activity generates costs other than
public authority expenditure on roads. Chapters 4 and
5 are devoted to estimating these costs, which are
known as “external” or “social” costs and concern in
particular the harm to human health and the environ-
ment caused by noise, local and regional pollution,
the greenhouse effect, road accidents, as well as by
the congestion imposed on road users other than pri-
vate motor vehicle owners, including pedestrians,
cyclists and public transport users.

Even a partial review of the literature on the
external costs of transport poses certain difficulties.
This is chiefly due to three related reasons:

- Enormous disparities exist between estimates;

~  The magnitude of the estimates is indepen-
dent neither of the body commissioning the
study nor of the relative importance attribut-
ed to the problem in question (e.g. acid rain,
greenhouse effect, etc.) during the period
when they were made;

—  The concepts themselves (definition of costs,
"~ method of attributing monetary values) are
not always precisely defined.

1. The Chapter notations refer to the full text of the French study published as “Evaluation of the External Costs of Road
Transport in France and the Conseguences of Cost Internalisation”, in “Supports to the Road Transport Sector”, vol. 3 of
“Environmental Implications of Energy and Transport Subsidies”, OECD/GD(97)156, OECD, Paris.




Table 12.1: Specific road revenue and direct public expenditure
(billion francs 1991, excluding VAT)

Revenue billion FF Expenditure billion FF
Acquisition related 11.4 Investment 44.8
Ownership related 26.7 Maintenance 33.1
Use related 118.9 Operation + Social security 27.5
Total 157 Total 105.4
Total per km (FF) 0.356 0.239
Total per km ($)(*) 0.063 0.042

(*Y 1991: 1 dollar = 5.64 francs.

Table 12.2: Estimated ranges of the external costs of road traffic in France
(billion francs 1991)

Cost
Noise 10-16
Local and regional pollution 16-37
Greenhouse effect 4-14
Accidents 45
Congestion 15-29
Total 90-141
Total per km (FF) 0.20-0.32
Total per km ($)(*) 0.035-0.057

(*) 1991: 1 dollar = 5.64 francs.

It is this last point in particular that encouraged
us to make our own estimates. Our intention was less
to make a “better” estimate than those available in the
literature, than to clearly set out the terms of the
approach, the necessary assumptions and the goal to
be achieved; in short, to produce estimates that are
transparent, subject to discussion and refutable.

For noise and pollution, estimation of avoidance
costs appears to be the most appropriate means to
estimate damage costs, since the technological poten-
tial for abatement of these problems is still very con-
siderable and capable of responding to any significant
social demand. For road safety and congestion, the
avoidance costs are much more difficult to estimate,
inasmuch as control of these phenomena implies sub-
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stantial changes in user behaviour. Therefore, in these
last cases, we adopted a direct method of estimating
damage costs. Table 12.2 summarises the ranges of
values obtained.

In spite of the efforts presented here, it must be
admitted that it is not possible to estimate these costs
with any great precision:: the low and high values lie
some 30% below or above the mean. However,
regardless of the specific assumptions made and the
uncertainties involved, it is clear that these costs are
far from pegligible. The “overall balance of specific
revenue with respect to direct public expenditure on
the road system becomes very negative when the
external costs are taken into account, showing a
deficit of FF 38 billion with the low assumnption and
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FF 89 billion with the high. These balances are obvi-
ously very considerable in relation to specific taxation

(24% and 57% respectively).

On the other hand, in relation to total expendi-
ture (fiscal and non-fiscal)sof road users, the bal-
ances are less significant, representing 4% and 9%,
respectively, of the total cost of road use.
Accordingly, an overall strategy of “pure and
simple” internalisation can lead neither to radical
changes in behaviour nor to tight gontrol over the
negative effects of road transport.

To refine the balance, it was necessary to break
down the analysis by type of vehicle (two-wheeled
vehicles, light vehicles, heavy trucks), type of fuel
(notably because French taxation is very different for
gasoline and diesel) and driving conditions (urban or
roral). In Chapter 6 of the study, the balance is
broken down according to the two basic types of
driving conditions and seven types of vehicle: two-
wheeled vehicles, gasoline and diesel passenger cars,
gasoline and diesel light trucks, heavy trucks and
public transport vehicles.

The attribution of road investment, maintenance
and operating costs between urban and rural areas is
based on a detailed analysis of the public accounts
(Comptabilités Publiques de [I’Etat and des
Collectivités Territoriales). For each type of driving
milieu, the attribution of costs to the different vehi-
cle categories is made on the basis of their contribu-
tion to the burden on the infrastructure {connected in
particular with different levels of wear), assuming
more or less active maintenance, and taking into

account their share in total traffic. The attribution of
revenue by type of vehicle and driving milieu is
made on the basis of vehicle stock (taxes on acquisi-
tion and ownership), fuel consumption (fuel tax) and
tolls and charges (charges for motorways or park-
ing). Finally, the external costs are attributed on the
basis of the relative contribution of each vehicle
type, and are divided into costs incurred by pollutant
and greenhouse gas emissions, relative contributions
to accidents and congestion, and both the emission
and reception aspects for noise. Tables 12.3 through
12.6 bring together the principal estimates obtained.

As one can easily observe from the data present-
ed in the above tables,

Road accidents account for a very significant
share in overall external costs;

Two-wheeled vehicles have a very negative
balance per kilometre covered, notably
because they are substantially more acci-
dent-prone than other types of vehicle;

The urban balance is always very negative
(FF -43 1o FF -80 billion), whereas the rural
balance, which concerns considerably higher
volumes of traffic, is on the whole close to
equilibrium (from FF -9 to FF +35 billion);

The balance for diesel vehicles is very neg-
ative (FF -34 to FF -35 billion) compared
with that for gasoline vehicles (FF -6 to FF
-34 billion), despite the far greater number
of the latter.

Table 12.3: Urban traffic balance
(Low estimate of external effects, billion francs 1991)

Tﬁo Cars Light trucks Heavy trucks Buses Total
wheeled vehicles gasoline diesel gasoline diesel

Tax revenue 1.5 375 5.1 4.6 55 2.1 0.7 57.0
Road expenditure 1.3 20.3 5.8 3.6 8.0 47 0.5 44.2
Extemal costs 6.4 289 8.3 33 6.7 1.9 0.5 56
Noise 0.5 4.1 1.2 0.6 1.2 03 0.1 8
Pollution 1.2 4.6 1.2 0.8 1.4 0.9 0.3 104
Greenhouse effect 0 0.9 0.2 0.2 0.3 - - 1.6
Accidents 4.9 11.8 34 02 0.5 0.3 0.1 21
Congestion 0 7.5 2.3 1.5 33 0.4 0 13
Balance -6.2 -11.7 -9.0 -23 -5.2 -4.35 -0.3 -43.2
Balance/km (centimes) -62 -13 -36 -19 -35 -225 -50 .
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Table 12.4: Traffic balance in rural areas
(Low estimate of external effects, billion francs 1991)

Two Cars Light trucks Heavy trucks  Buses Total
wheeled vehicles gasoline diesel gasoline diesel
Tax revenue 1.6 54 11.8 3.6 38 22.5 29 100.2
Road expenditure 0.9 230 10.0 2.3 35 19.8 1.7 612
External costs 2.7 156 6.4 0.7 1.0 6.9 0.5 33.8
Noise 0 1.0 0.4 0.1 0.1 0.4 0 2
Pollution 0.3 1.4 0.3 0.1 0.1 3.1 0.3 56
Greenhouse effect 0 1.0 04 0.1 0.2 0.7 - 24
Accidents 2.4 12.2 53 04 0.6 2.7 0.2 23.8
Congestion - - - - - - - -
Balance -2.0 +152 -4.6 + 0.6 -0.7 -472 + 0.7 +5.2
Balance/km (centimes) -29 + 10 -7 +5 -4 -18 +32 -
Table 12.5: Urban traffic balance
(High estimate of external effects, billion francs 1991)
Two Cars Light trucks Heavy trucks  Buses Total
wheeled vehicles gasoline diesel gasoline diesel

Tax revenue 1.5 37.5 5.1 4.6 5.5 2.1 0.7 0.7
Road expenditure 1.3 20.3 58 3.6 8.0 47 0.5 0.5
External costs 8.4 46.5 13.1 6.3 13.1 4.2 L Lt 1.1
Noise 0.8 6.6 1.9 1.0 - 1.9 0.5 0.1 0.1
Pollution 2.8 10.7 2.8 1.8 32 2.0 038 0.8
Greenhouse effect 0.1 29 0.7 0.4 1.2 04 0.1 0.1
Accidents 4.7 11.8 34 0.2 0.5 0.3 0.1 0.1
Congestion 0 14.5 4.3 29 6.3 1.0 0 0
Balance -82 -29.3 -13.8 -5.3 - 156 -6.8 -0.9 -09
Balance/km (centimes) -82 -34 -55 -44 -60 -340 -150 -

There are thus certain categories of traffic which
more than cover their total costs — this is the case with
gasoline cars in rural areas — and others which have
very large deficits — this is the case with urban traffic
and diesel vehicles. It is thus simply not possible to
arrive at equilibrium for each category of use and user
with just one economic instrument.

Chapter 7 of the report presents a balance sheet
corresponding to a “steady-state” trend through the
year 2010. For these projections, we assumed
moderate economic growth of 2.5% a year, very
slightly higher than the estimate used by ‘the

International Energy Agency for its world energy

-outlooks. The review of the literature concerning

traffic forecasts to this horizon gives a fairly coherent
view of car traffic to 2010. On the other hand,
estimates for truck traffic are much more scattered,
which is why we asked the Transport Economics
Laboratory of the University of Lyon 2 to estimate
the evolution of heavy duty vehicle traffic and
examine the impact of economic measures on the
trends. The estimates finally adopted, consistent with
the anticipated economic growth, appear in
Table 12.7. Road expenditures have also been
calculated with reference to éqondmic growth. Road




Table 12.6: Traffic balance in rural areas
j: (High estimate of external effects, billion francs 1991)

Two Cars Light frucks Heavy trucks  Buses Total
wheeled vehftles gasoline diesel gasoline diesel

Tax revenue 1.6 34 11.8 36 3.8 225 2.9 160.2
Road expenditure 0.9. 23 10.0 23 35 19.8 1.7 61.2
External costs 32 202 79 I.1 1.6 13.1 1.1 48.2
Noise 0 *1.6 0.6 0.1 02 0.6 0.1 32
Pollution 0.7 32 0.6 0.3 0.2 73 0.6 12.9
Greenhouse effect 0.1 32 14 0.3 0.6 2.5 0.2 8.3
Accidents 2.4 12.2 53 0.4 0.6 27 02 238
Congestion - - - - - - -
Balance -2.5 10.8 -6.1 0.2 -1.3 -104 0.1 -9.2
Balance/km (centimes) -36 7 -10 2 -5 -43 5 -

revenue is estimated on the basis of stable specific
unit tax in constant francs, which would lead, with no
changes in behaviour, to a trend parallel to that of
traffic. In addition, historical trends led us to integrate
the following likely developments into the analysis: a
slight increase in the energy efficiency of vehicles, a
strong penetration of diesel engines in the light
vehicle stock, greater use of toll motorways and more
widespread charging for parking,

The cost trends are without a doubt the most
difficult to estimate. The economic evaluation of the
external costs depends on two types of anticipation:
the physical values of the damage (tonnes of
pollutants, number of accidents, etc.) and the unit
menetary  value attributed to this damage. The
projection of physical values involves some risk of
error (anticipation of the evolution of technical
standards, rates of renewal of the vehicle stocks, fuel
consumption, etc.), but these are normal risks
common to any kind of forecasting. This is not the
case with the unit value attributed to damage: if this
study had been carried out 15 years ago, it would
probably not have mentioned the greenhouse effect
and would probably have valued local pollution
differently, since catalytic converters were less
efficient than they are today. We use two hypotheses
in estimating the monetary value of the negative
effects of road traffic. In the first, we maintain unit
costs at their 1991 levels; we thus assume that there is
neither an increase nor a decrease in concern for the
environment, that the marginal costs of emissions are
equal to the average costs {i.e. limit capacities of
ecosystems are not reached in the case of increasing
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or cumulative emissions, and vigilance is not relaxed
if emissions decrease). In the second, we assume that
unit costs increase in line with economic growth. This
hypothesis appears entirely natural on certain points,
such as for example the “value of a human life”,
which is the basis for the economic quantification of
accident costs. Still, it must be admitted that this link
between the cost of damage and a given country’s
standard of living gave rise to a heated debate when it
was used to justify higher admissible pollution levels
in developing countries. We shall therefore use both
hypotheses for our estimates.

In physical terms, only fuel consumption (and
hence the corresponding greenhouse effect) is likely
to increase substantially, while noise will increase
slightly. On the other hand, pollutant emissions and
accidents should decline fairly significantly.

However, in the case where the value of the
effects follows the standard of living, all external costs
increase very substantially. It is clear that this hypoth-
esis implies that specific taxation must increase with
the standard of living if we wish to maintain a certain
level of coverage of total cost by specific revenue.

Table 12.7 gives a consolidated view of these
trends. The following points are particularly noteworthy:

— Total traffic is expected to grow at a lower
rate than the economy as a whole;

~  Specific revenue will increase more slowly
than traffic volume because of the slight




Table 12.7: Estimated changes in traffic statistics and related externalities in France, 1991-2010

Variation (%)
Total traffic, of which +47
Gasoline light vehicles -13
Diesel light vehicles +168
Trucks +59
Urban areas +39
Rural areas +52
Toll motorways +125
Road expenditure +59
Specific revenue +51
External costs -10
(valuation stable at 1991 levels)
Noise +10
Pollution -30
Greenhouse effect +39
Accidents -23
Congestion -10
External costs +45
(trend matching the standard of living)
Noise +74
Pollution +12
Greenhouse effect +125 .
Accidents +23 '
Congestion +59
QOverall balance, 1991 value -0
QOverall balance, trend value +94

increase in vehicle efficiency and the consid-
erable increase in the proportion of diesel
vehicles. The increase in toll revenue will
not suffice to re-establish a balance;

In physical terms, the external costs fall
slightly in spite of the increase in traffic.
This is due to the diffusion of technical
progress (pollution), the greater maturity of
users {accidents) and a certain reduction in
exposure connected with the suburbanisa-
tion of the territory (noise, congestion). In
monetary terms, however, they increase
substantially if their value follows that of
the standard of living.
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- On the basis of the 1991 value, the overall
balance improves slightly, but deteriorates
considerably if unit costs follow the stan-
dard of living.

The last chapter of the report proposes an alterna-
tive view of the development of the French transport
system and jts management rules. This approach is
designed to meet two primary objectives:

-

— The first objective is to reduce external
costs while leaving mobility virtually
unchanged. To accomplish this, the trend

. towards increased negative effects must be
delinked from increaged mobility, as in the

e it -

1}
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Table 12.8: Forecast balance for 2010
(billion francs 1991)

Gagoline light vehicles  Diesel light vehicles Heavy vehicles Total
REFERENCE SCENARIO &
Urban areas
Revenue 35.1 259 37 64.7
Road expenditure 20,6 347 7.6 62.9
External costs 27310437 33.7t0 539 38to 6 64.8 10 103.6
Balance -12.8t0-29.2 -42.5 10 -62.7 -1.71t0-9.9 -63 10 -101.8
Rural areas ¢
Revenue 49.9 46 .4 432 139.5
Road expenditure 227 39.2 34.4 96.3
External costs 11.9t0 19.1 16.1 to 25.5 9810159 3781060
Balance +8.1to +15.3 -891t0-18.3 -lto-7.1 +5.410-17.3
Overall balance 211 to +2.5 -51.4t0-81.1 -8.7t0-17 -57.6to -119.1
ALTERNATIVE SCENARIO (before fuel tax changes)
Urban
Revenue 41.5 39.9 39 85.3
Road expenditure 20.1 33.1 6.4 59.6
External costs 18.9t0 30.2 2391t038.2 35t 5.3 46.21073.9
Balance -8.8to +2.5 -17.1t0-31.4 -6 to-8 -20.6t0-48.2
Rural areas
Revenue 47.4 443 431 134.8
Road expenditure 23.6 40.6 346 98.8
External costs 9to 144
Balance 4 +9.4 to +14.8 H98t0-17.9 -0.5t0-5.9 -14.4 to +4.5
Overall balance +0.61t0+17.3 -26.9 t0 -49.3 -6.5t0-13.9 -16.1 t0 -62.6
Balance/km in centimes (FF 0.01) +0to7 -7to-14 -14 10 -30 -2to-10
Balance/km in U.S5. cents ($0.01) Oto+1.3 -1.3t0-24 -25t0-54 -0.4t0-1.7

past the trend in energy consumption was
delinked from economic growth, or again
road accidents from traffic growth (acci-
dents halved while traffic doubled). Three
fields in particular are concerned: road
accidents (orientation of demand towards
safer vehicles, increased surveillance, ori-
entation of demand to motorways, etc.);
pollution (vehicle inspection and elimina-
tion of old vehicles); noise (active “anti-
noise” investment programmes, dissuasion
of truck transit through urban areas, etc.).
The measures proposed for these different
fields could make possible an 18% reduc-
tion in total external costs.

The second objective is to reduce external
costs where they are highest, i.e. in urban
areas, thanks to the use of parking manage-

ment mechanisms, chosen in preference to
urban road pricing because they seem to us to
be more likely to be rapidly accepted. Unlike
the first series of measures, this package is
intended to affect behaviour and generate new
revenue. Such efforts would likely reduce
urban traffic by 1%, leading (o a reduction of
6.5% in total external costs and an FF 17.4
billion increase in urban area revenue,

After applying these two series of measures, the
unfavourable balance between revenue and total cost
is significantly reduced in the low hypothesis, but still
considerable in the high hypothesis for the valuation
of the externalities (see Table 12.8).

In comparison to the initial projections, the
overall negative balance is reduced by 72% in the low

hypothes
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is and by 47% using the high assumptions.




Seeking a balance through changes to the
average taxation on fuels implies an increase in the
TIPP of 32 centimesflitre in the low hypothesis and
123 centimes/litre in the high. These increases are not
at all unrealistic: in both cases the rate of increase in
fuel prices would be far lower than that of the
standard of living,

On the other hand, such increases give rise to
serious problems in sectoral terms, when a distinction
is made between gasoline and diesel. If we use the low
hypothesis for the estimation of external costs, it would
be appropriate to significantly reduce the price of
gasoline and increase the price of diesel — slightly for
heavy trucks and very significantly for light vehicles.
This proposal is quite reasonable from the standpoint
of transport, but would pose problems of industrial
strategy that lie outside the scope of this study.




Chapter 13

The Social Costs

of Motor Vehicle Use in Japan

*

Hisa Morisugi

School of Civil Engineering, Asian Institute of Technology

13.1 Introduction

To evaluate to what degree the external costs
incurred by road transport activities are paid by motor
vehicle users, the study summarised here constructed
a balance sheet comparing public tax revenues and
loans borne by automobile users in Japan with public
expenses for road works and the external costs arising
from motor vehicle use!. The exercise was conducted
for the years 1991, 2000 and 2010.

The balance is defined as the amount paid by
motor vehicle users minus the sum of road expendi-
tures plus external costs. If the balance is negative,
then the indication is that some of the social costs of
road transport remain unpaid by automobile users, and
that it would be reasonable to increase taxation on road
transport activities to the point necessary to bring the
balance down to zero. Conversely, a positive balance
would be a sign that the present tax burden on motor
vehicle users is too high. Such policies can be deemed
fair according to the logic of the user-pays principle.

Two basic features of our approach should be
noted at the outset. First, this study seeks to estimate a
fair tax level instead of an efficient tax level. The
latter is defined as the Pareto optimal tax level, where
economic theory advocates marginal social cost pric-
ing. Normally, in estimating the marginal social cost
of road transport activities, congestion costs should be

in¢cluded among the cost items. However, since this
study attempts to calculate a fair pricing level, con-
gestion costs have not been taken into account in the
estimation of externalities. Congestion is a phe-
nomenon caused by motor vehicle users and affecting
motor vehicle users, and thus its cost is in a sense
already internalised and should be excluded from the
calculation of external costs. To a certain degree, the
same rationale can be applied to accident costs. Since
the monies paid through the insurance system can be
regarded as internalised, the external cost of accidents
represents only publicly-paid items such as legal
costs, accident consulting costs and so on.

Second, as the basis of the fair pricing policy
modelled here, the present study uses a fuel tax
system for gasoline and diesel that favours neither
fuel and results in equal after-tax prices for each of
them. As a result of industry priority policies, the pre-
sent fuel tax system in Japan favours diesel fuel. As a
result, stocks of diesel light trucks and diesel passen-
ger cars have been rapidly increasing and are at the
root of NO, and SPM problems in urban areas. On the
basis of a previous simulation study, it would proba-
bly be necessary to bring diesel fuel prices up to the
same level as gasoline prices if NO, emissions were
to be kept at current levels through 2005.

Finally, the fair fuel price level defined above
should be balanced so that the public revenues paid

1. The complete study has been published as “The Social Costs of Motor Vehicle Use in Japan”, in “Supports to the Road
Transport Sector”, vol. 3 of “Environmental Implications of Energy and Transport Subsidies”, OECD/GI{97)156, OECD, Paris.



Table 13.1; Annual motor-vehicle related tax revenues and costs: Summary (1991)

Annual tax revenues and costs

Items billion ¥ billion $2 % of GNP ¥/Vehicle® ¥/Vehicle-km¢
1. Public revenues and loans 9 530 71.80 2.08 159 360 14.51
paid by automobile users
1.1 Earmarked tax revenues
for road works 4812 36.25 1.05 80 466 7.32
1.2 Loans from government invest- '
ment and loans program for
toll road systemn works 2670 20.12 0.58 44 648 4.06
1.3 Other motor-vehicle related
tax revenues excluding half
of consumption tax revenues 1953 14.71 0.43 32 658 2.97
1.4 Traffic violation penalty payments 95 0.72 0.02 1589 0.14
2.  Public expenses for road works h
Case 1 11 665 87.89 2.54 195 052 17.75
Case2(2-2.5) 7577 57.09 1.65 126 702 11.53
2.1 Government general road works 4469 33.67 0.97 74 722 6.80
2.2 Independent regional road works 3 965 29.87 0.86 66 298 6.04
2.3 Toll road system works 3031 22.84 - 0.66 50 688 4.61
2.4 Government personnel costs 200 1.51 0.04 3344 0.30
[2.5 expenses for road works 1
funded by general tax revenues.] {-4 088] [-30.80] [-0.89] [-68 360] [-6.22]
3. External costs 2742 (=7 335-4 593)*  20.66 0.00 45 853 4.17
3.1 Noise 425 (=423-0)* 320 0.00 7102 0.65
3.2 Pollution 1 654 (=1 654-0)* 12.46 0.36 27 652 2.52
3.3 Accidents 124 (=4 717-4 593)* 0.93 0.03 2079 0.19
3.4 GHG emission 534 (=534-0)* 4.02 0.12 89357 0.81
3.5 Elimination of natural areas 5 (=5-0)* 0.04 0.00 85 0.01
4. Balance
Case 1 {=1-(2+3)} -4 877 -36.74 -1.06 -81 545 -7.42
Case 2 {=1-(2-2.5+3)} -789 -5.94 -0.17 -13 194 -1.20

Notes:
total public expenses for road works

Case | : all costs completely shared; Case 2 : road works expenses funded by general tax revenue deducted from

*  The first figure in parenthesis represents total damage costs; the second shows the costs borme by automobile users.

132.73 ¥/3, mean current exchange rate in 1991;
GNP in 1991 was ¥ 458 599.1 billion;
Vehicle stock in 1991 is estimated at 59 801 591 units;

oo

by motor vehicle users equal the sum of road expen-
ditures and external costs, all of which are functions
of fuel prices. Therefore, to obtain a fair fuel price
level for the years 2000 and 2010, this study con-
structs a partial equilibrium model of the above three
items, on the basis of projections for total passenger-
km and freight ton-km.

Vehicle kilometers travelled (VKT) in 1991 is estimated at 657 billion.

13.2 Balance sheet for 1991

Table 13.1 presents a balanxz:e sheet of the motor-
vehicle related revenues and costs for 1991. The rev-
enues appear as item 1, and are subdivided into specific
revenue sources (items 1.1 - 1.4)..Items 2 and 3 repre-
sent two types of cost: public expe,’gdiﬁlre on road works




(item 2) and external costs (item 3). Each cost item is
divided into specific cost elements as shown in the table.

The balance is calculated as foltows:
Balance = (item 1) - (item 2 + item 3),

A variant of the main balance {called “Case 1"
has been prepared for this exercise. The .second bal-
ance, referred to as “Case 27, igvidentical to the main
balance in all respects with the excepgion that road
works expenses funded from general tax revenues
have been subtracted from the overall figure for public
road expenditures (item 2). Thus, for Case 2, the bal-
ance is calculated in a slightly different manner:

Balance = (item 1) - {(item 2- item 2.5) + item 3)}.

As Table 13.1 shows, both Case | and Case 2
have a negative balance, suggesting that motor vehi-
cle users do not fully pay the costs they incur.

The public tax revenues and loans borne by auto-
mobile users in Japan for the year 1991 consist of ear-
marked tax revenue for road works (item 1.1); loans
from the government investment and loans program
for toll road system works, which are repaid follow-
ing completion ef the road by the toll collection from
vehicles (item 1.2); other automobile related tax rev-
enues, minus 50% of the revenue from the consump-
tion tax (item 1.3); and payments of traffic violation
penalties (item 1.4).

Concerning item 1.3, only half of the consump-
tion tax revemues are counted, since the 1991 con-
sumption tax rate for motor vehicles is 6%, or twice
that placed on other goods. As for item 1.4, in spite of
the fact that these monies are not tax revenues, they
have been included here because Japanese law man-
dates that this revenue be spent exclusively on traffic
accident countermeasures. Public expenditure for
road works is composed of general government road
works conducted by the national and local govern-
ments and funded by tax revenues (item 2.1); regional
road works carried out independently by local govern-
ments and funded solely by local tax revenues (item
2.2); and toll road system works funded by public or
private-sector loans and conducted mainly by four
public road corporations (item 2.3).

In addition to the three items mentioned above, the
annual cost of road-related personnel and highway
patrol or traffic enforcement personnel has also been
estimated (item 2.4), Van der Kolk found that in the
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Netherlands these costs represented Gld 3.3-5.3 billion
in 1987, for an infrastructure construction cost of Gld
5.8 billion. On the basts of these figures, it is our guess
that the average cost of a single public road employee
in Japan is ¥ 10 million per vear. Assuming that Japan
counts a total of 20 000 road personnel, the resulting
cost would be ¥ 200 billion per vear.

As shown in Table 13.1, the total public expense
for road works was ¥ 11 665 billion in 1991, This is the
sum used for total public expenditure on road works in
the main balance (Case 1). This method of calculating
the road works expense figure ignores the public goods
characteristics of road infrastructure mentioned below
and assumes that motor vehicle users should pay the
full amount of public expense for road works.

The external costs attributed to road activities in
this exercise exclude congestion costs since conges-
tion is only imposed on users of motor vehicles and is
already in a sense internalised. Instead, external costs
were estimated in reference to five other effects of
motor vehicle use: noise (item 3.1), air pollution (item
3.2), accidents calculated by damage cost minus
amount paid by insurance (item 3.3), greenhouse gas
(GHG) emissions (item 3.4), and elimination of natu-
ral areas due to road construction (item 3.5). The
evaluation of the external costs mentioned above
draws heavily on three different studies’ estimates of
unit damage costs as described in Table 13.2.

Table 13.2 presents an international comparison
of external unit costs per vehicle-km between Japan,
the USA and France. Although the evaluation methods
differ and are occasionally opaque or subject o uncer-
tainty, the resulting figures are fairly convergent.

As mentioned earlier, this exercise attempts to
estimate a fair fuel tax rate for motor vehicle use based
on balancing the relevant costs with revenues paid by
users. To remove the negative balance in Case 1, a uni-
form fuel tax increase of ¥ 58.3/1 would need to be
added to 1991 fuel prices, this figure being derived by
dividing ¥ 4 877 billion by total 1991 fuel consumption

(83.7 billion liters). In Case 2, where the negative bal-

ance is smaller, the tax increase required to balance the
costs and revenues is only ¥ 9.4/1. A more detailed
description of the elements of each cost and revenue
item, as well as a discussion of the differences between
Case 1 and Case 2 is given in the sections below,

Public road expenses, especially items (2.1} and
(2.2) above, account not only for facilities directly
related to motor vehicle use, but also for non-users’




Table 13.2: Comparisen of external unit cost

(unit: cents per vehicle-km)

Items JAPAN® USA FRANCE""
(Low) (High)

Noise 0.49 0.12 0.19 (.35
Vibration - 0.01 .01 -
Air pollution [.90 0.38 5.75 0.89
Accidents 0.14 (5.400"" 1.58 1.58 1.06
GHG emissions 0.61 0.05 0.1% .53
Elimination of - -

natural arcas 0.001

Subtotal 3.14 (8.40) 2.14 7.72 2.83
Congestion - 1.23 2.80 -
Congestion to

public transport and

pedestrians - - - 0.89
Total external cost 3.14 (8.40) 3.37 10.52 3.72

* ¥ 132.73/%, mean current exchange rate in 1991.
#* FF 5.64/%, mean current exchange rate in 1991,

*++ The figure in parenthesis is the total damage cost of accidents including the cost internalised by insurance.

facilities such as pedestrian walks, open space in front
of railroad stations, public transport constructed on the
road space, free supply of space for public utilities
beneath roads, and so forth. One can thus argue that a
certain share of these costs are directly incurred by the
public in general, and not only by motor-vehicle users.
Japanese tax policy seems to recognise this logic, since
it allocates general as well as earmarked tax revenue
for road works. To account for these public goods char-
acteristics of road works in our balance calculations,
we prepared a variant (Case 2) of the main balance in
which the general tax contribution to road works
expenses was excluded from the costs. Therefore, since
¥ 4 088 billion out of the ¥ 11 665 billion spent on road
works in 1991 was funded by general tax revenues, this
leaves a value of ¥ 7 577 billion, the figure used in
Case 2 for total expenditure on road works.

13.3  Prediction and simulation

for 2000 and 2010
13.3.1 Forecasting system and simulation models

The first scenario run carried out with the model is
a business as usual (BAU) scenario which fixes the fuel
price at 1991 levels, i.e. ¥ 110/1 for gasoline and ¥ 74/1
for diesel. Under this assumption, projections are made
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for 2000 and 2010, and the balances of costs and rev-
enues are estimated. The results of the BAU scenario
are discussed in detail in the following section. A zero
balance would suggest that 1991 fuel prices were in
fact at the “fair” level, and the simulation would be
concluded. However, the balances for the BAU sce-
nario are in fact negative. In this case, in the subse-
quent steps of the simulation, fuel prices are adjusted
upwards until a zero balance is achieved. The results of
this part of the exercise are presented in section 13.3.3.

During the first step of the simulation, two types
of total transport activity levels — passenger-km and
freight ton-km — are estimated by fitting a logistic
curve to a time series of historical data. Second, the
road transport split is estimated by a typical binary
logit model for passenger-km and ton-km, and the
fuel price level is introduced as the explanatory vari-
able. Third, by multiplying the result of the share
model by the total transpoit volume, the model calcu-
lates road fransport volumg in terms of passenger-km
and ton-km, which are then converted to the number
of registered vehicles by simple regression analyses.
Fourth, each item of road-related public revenues,
expenses for road works and external costs is estimat-
ed by constructing a simple regression model using
the total number of registered vehicles in each year as
the explanatory variable.

*




13.3.2  Projections for business as usual (BAU)
case for 2000 and 2010 :

13.3.2.1 Case 1

As shown in Table 13.3, thg Case 1 balances in
the BAU scenario are still negative and their absolute
values are growing throughout the period of analysis
due to an increase in road transport activities. As a
result of this growth, all of the virious road activity
indicators are increasing, even the per-vehicle values
and the distances travelled by individual vehicles.

The negative balances in 2000 and 2010 for the
BAU scenario, ¥ -5 707 billion and ¥ -6 428 billion,

respectively, are equivalent to a uniform tax increase
on gasoline and diesel fuel of ¥ 56.3/1 in 2000 and ¥
59:3/1 1n 2010. These figures are close to the increase
necessary to even the balance in 1991, ¥ 58.3/1. The
equivalent untform tax increases in 1991, 2000 and
2010 are all about at the same level, in spite of the
increase in all the relevant road transport statistics due
to growth in total fuel consumption.

13.3.2.2 Case 2

In Case 2 of the scenario runs, road works
expenses funded by general tax revenues are deducted
from the total public expenses for road works. This

Table 13.3: Annual motor-vehicle related revenues and costs: Summary (Business as Usual)

(billion yen)
Annual tax revenue and costs
ftems 1991 2000 2010
1. Public revenues and loans 9530 10765 11713
paid by automobile users
1.1 Earmarked tax revenues for road works 4812 5389 5853
1.2 Loans from goyernment investment and
loans program for toll road system works 2670 3062 3365
1.3 Other automobile related tax revenues
excluding half of consumption tax revenues 1953 2215 2 388
1.4 Traffic violdtion penalty payments 95 99 107
2. Public expenses for road works
Case 1 11 665 13 517 14 93¢
Case2(2-25) 7577 8§ 550 9325
2.1 Government general road works 4 469 5577 6152
2.2 Independent regional road works 3965 4194 4 647
2.3 Toll road system works 3031 3546 3931
2.4 Government personnel costs 200 200 200
[2.5 expenses for road works funded by [-4 088] [-4 967] [-5 604]
general tax revenues.]
3. External costs 2742 2955 3212
3.1 Noise 425 456 496
3.2 Pollution 1654 1781 1938
3.3 Accident 124 139 149
3.4 GHG emission 534 573 622
3.5 Elimination of natural areas 5 6 7
4. Balance
Case 1 {=1-(2+3)} -4 877 -5 707 -6 428
Case 2 {=1-(2-2.5+3)} -789 -740 -824

Notes: Case | : all costs completely shared; Case 2 : road works expenses funded by general tax revenue deducted from total

public expenses for road works




variant of the balance sheet was prepared to reflect
the assumption that the road works expenses funded
by general tax revenues represent the share of road
facilities benefiting non-drivers — e.g. public trans-
port, pedestrian walkways, free space for utilities
beneath road surfaces, etc. — and are thus not costs
specifically incurred by private motor vehicle use.

As shown in Table 13.3, the balances for Case 2
are also negative throughout the period of analysis.
In contrast to Case 1, however, we can see that while
the improvement is not very great, the absolute
value of the Case 2 balance for 2000 is lower, i.c.
less negative, than in the base year. This movement
reverses in the following decade, and by 2010, the
absolute value of the Case 2 balance is greater than
in 1991. This can be explained by the fact that in our
simulation model, the amount of road works funded
by general taxes (item 2.5) increases much faster
over time than the other cost items.

The negative balances in 2000 and 2010 for Case
2 of the BAU scenario, ¥ -740 billion and ¥ -824 bil-
lion, respectively, are equivalent to a uniform fuel tax
increase of ¥ 7.3/1 in 2000 and ¥ 7.6/1 in 2010.
Compared to ¥ 9.4/1 in 1991, the tax increases neces-
sary to even the balance in 2000 and 2010 are slightly
lower, due to the growth of fuel consumption.

13.3.3 Simulation of fair pricing
13.3.3.1 Simulation model

The fact that the balances of both Case 1 and 2
for 2000 and 2010 are negative in the BAU scenario
suggest that an increase in fuel tax is in order if fair
price levels are to be attained. For the reasons men-
tioned in the introduction, these increases should be
applied in such a way that consumer prices for gaso-
line and diesel are brought to an equal level.

Were a tax increase introduced, road transport
activities can be expected to decrease, as the resuiting
costs provoke a change in the modal split towards
other forms of transport. In turn, road expenses, exter-
nal costs and fuel consumption will also decrease.
The public revenues and loans paid by motor-vehicle
users will, on the contrary, increase, since additional
public revenue is generated by the tax increase. Since
the balance is defined as the revenues minas the sum
of expenses and external costs, the resulting balance
ends up moving toward zero. The tax rate necessary
to bring fuel prices to a fair level is based on fthe

amount of increase necessary to attain a balance of
exactly zero. For this reason, it is necessary to carry
out a simulation at different taxation levels so that the
fair price level can be determined.

Thus, in addition to the BAU scenario, a second
set of simulations for Case 1 and Case 2 were carried
out to determine the baiances that could be expected
under the additional assumption of an increase in the
price of gasoline and diesel.

13.3.3.2 Case !

In Case 1 of what we will refer to as the Fair
Pricing scenario, gasoline and diesel prices increase by
¥ 42/1 and ¥ 78/1, respectively, so that in 2000 one liter
of either gasoline or diesel costs ¥ 152 (Table 13.4).
For the simulation of the balance in the year 2010, the
1991 fuel price is increased by ¥ 45/1 and ¥ 81/1 for
gasoline and diesel respectively, so that the price of a
liter of either fuel in 2010 is ¥ 155/i (Table 13.4).

Under this tax system, passenger-km and ton-km
drop in comparison to the BAU scenario by about 3%
and 10%, respectively, both in 2000 and in 201(. The
larger reduction in the case of ton-km is due to the
comparatively higher hike in diesel fuel prices; in
response to the ¥ 78/ increase, freight transport by
road is significantly reduced in favour of other modes
such as railways and ocean freighters.

Compared with the business as usual (BAU) sce-
nario, public revenues and loans increase by about ¥ 3
700 to ¥ 4 000 billion as a result of the tax increases.
Public expenses are about ¥ 2 000 billion less than in
the BAU scenario, while the external costs remain at
almost same level as the BAU scenario.

13.3.3.3 Case 2 :

Because a large share of road costs are deducted
from the balance in’ Case 2, the gasoline price increase
necessary to even the balance is comparatively low: ¥
5/1 for 2000 and ¥ 4/1 for 2010. Due to the currently
low level of diesel prices, however, the necessary price
increase for diesel fuel is still quite significant: ¥ 31/l
and ¥ 32/1, respectively, for 2000 and 2010. After these
increases, the price for a liter of either fuel is ¥ 105/1 in
2000 and ¥ 106/1 in 2000, as shown in Table 13.4.

Since the price adjustments: are relatively small,
under this tax system, the rele¥ant road transport statis-
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Tabie 13.4. Fair fuel price levels

1991 2000 2010

Balance (billion yen)

Case 1- ¥ 4877 5707 -6 428

Case 2- -789 =740 -824
Fair fuel price levels — Case 1 (yen/l)

-Gasoline- 110 (+0) 152 (+42) 155 (+45)

-Diesel fuel- . 74 (+0) 152 (+78) 155 (+81)
Fair fuel price levels — Case 2 (yen/l)

-Gasoline- 110 (+0) 105 (-5) 106 (-4)

-Diesel fuel- 74 (+0) 105 (+31) 106 {+32)

tics are little different from the BAU scenario. The only
exception is road ton-km, which drops roughly 4%, due
to a 42% increase in the price of diesel fuel,

Similarly, although public revenues increase
slightly and public expenses decrease somewhat,
overall, the differences between the main revenue and
expenditure figures in Case 2 of the Fair Price and the
BAU scenarios are relatively insignificant,

Because the diesel fuel tax was increased by
¥ 8/1 in 1994, and due to the rapid devaluation of
Japanese yen vs. the U.S. dollar, the current market
prices for gasoline and diesel fuel are ¥ 105/1 and
¥ 75/1, respectively. In other words, putting aside the
fact that diesel fuel is still ¥ 30/1 cheaper than in this
segment of the model, the current pricing situation
closely resembles Case 2 of the Fair Price scenario.

13.4  Concluding remarks
on fair tax level simulation

This study attempts to estimate the balance between
public revenues paid by motor vehicle users and the
public expenses and external costs they incur, for the
years 1991, 2000 and 2010. According to the model
used in this study, under the present tax system on motor
vehicle use and ownership, the balance is negative, i.e.
motor vehicle users do not pay their full social costs.

On the basis of this finding, this report tried to
estimate a fair fuel tax level, that is, a fuel tax rate that
would bring the balance mentioned above to zero.

However, such an exercise must address the con-
troversial issue of estimating to what degree road infras-

tructure directly benefits not only motor vehicle users,
but the public in general. Among those characteristics
of road facilities which may be considered public goods
are the free supply of space for public transport such as
subways, street cars and buses, pedestrian walkways,
utility lines such as power, water supply and gas supply,
landscaping and disaster prevention space. Rather than
altempting to estimate the cost of these road-related
public goods directly, this study assumed that they were
equal to the share of public road expenditures financed
by general tax revenues (rather than specific revenues).
The balances made for the study thus analyse two paral-
lel cases: Case 1, where costs included the full amount
of road works expenditures, and Case 2, where road
expenses financed though general tax revenues were
subtracted from overall public road works expenses.

Assuming that Case 2 accurately represents the
public good value of road infrastructure, the base-case
shows a negative balance for 1991, and suggests that
motor vehicle users failed to pay for some ¥ 789 bil-
lion of the costs they incurred. A uniform tax increase
of approximately ¥ 9/1, relative to 1991 prices, would
be necessary to even this balance. Since the Japanese
government increased the tax on diesel fuel by about
¥ 8/1, in 1994, and because the depreciation of the yen
against the dollar in the intervening years has caused
the price of gasoline to rise, it may be argued that the
present pricing system is balanced, and that motor
vehicle users pay their way. In fact, the Case 2 projec-
tions suggest that present fuel prices are nearly suffi-
cient to ensure an even balance through 2010,
although a ¥ 30/1 hike in diesel taxes would be neces-
sary to bring gasoline and diesel prices into parity.

The above discussion is heavily dependent on the
estimations of external costs adopted for this study.
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These estimations are subject to major uncertainties.
Moreover, several other items which could reason-
ably be counted as induced costs have been left out of
the present estimations, notably, the loss of wetlands
due to road construction, the free supply of road sites
by non motor-vehicle users fe.g. by land readjustment
projects), the induced costs of pedestrian facility con-
struction, scenery damage by parking, and the
induced congestion costs affecting pedestrians and
users of forms of public transportation such as buses.
On the other hand, there are a number of items that
could also be deducted from the cost side, including
congestion costs incurred by public works such as
such as lifeline and public transport construction. As
discussed above, the value of the public good charac-
teristics of road space, estimated as the share of road
works expenses paid out of general tax revenue, was
deducted from Case 2 of the projections.

Taking into account all of the items mentioned
above, it is our guess that a reasonable fair fuel price
level would be around ¥ 130/1 for both gasoline and
diesel fuel. This is the level reached in Case 2 of the
Fair Pricing scenario when the base-case external
costs are doubled (“Scenario B” in the unabridged
version of the study). In this case, to achieve uniform
fuel prices, the gasoline tax would need to increase by
¥ 75/1, while the price of diesel fuel would need to
increase by ¥ 55/1. The increase rates remain stable
through 2000 and 2010.

Before such a policy can be recommended, how-
ever, its potential effects on socio-economic activities
need to be analysed. With the exception of the projec-
tion of the price-induced changes in the transport
modal split, this study did not focus on these aspects.
Finally, an estimation of the socially most efficient
price for road fuels, obtained by comparing the social
costs and benefits of road transport, could serve as a
useful adjunct to this study.
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Chapter 14

Transport Subsidies:
U.S. Case Stu"dyf

Susan Haltmaier, DRI /McGraw-Hiil

14.1 Introduction

In the USA, energy use in the transportation sector
is one of the largest sources of greenhouse gas emis-
sions, only marginally smaller than the electricity
sector. Transportation in the USA has historically
received direct subsidies in the form of general tax rev-
enues (o pave roads, build bridges, provide emergency
services and the like. Moreover, the existing structure of
user fees may be providing incentives to consume the
wrong types of transportation services, Given the con-
cern about the consequences of global warming, the
role of subsidies as well as existing user fees in encour-
aging non-optimal use of energy is being analyzed to
help policymakers understand the costs of actions to
reduce emissions connected to such non-optimal use.

Three categories of costs were evaluated for the
United States in 19912

- Private costs of motor vehicle ownership and
operation: Total private costs of automobile
use, including vehicle ownership, fuel, main-
tenance and insurance, amounted to $396 bil-
lion in 1991, while the total expenditure for
road freight transportation was $278 billion.
Thus the total private cost of road transporta-
tion was $674 billion for the year.

— Costs of infrastructure and highway ser-
vices: Public expenditures on highway con-
struction, repair, maintenance and services
totaled $74.5 billion in 1991. Retirement of
debt used to finance such expenditures added
another $3.8 billion, for total disbursements
of $78.3 billion, of which 80% was covered
by revenues from user fees.

~ External costs: Negative externalities,
including global warming, congestion, land
loss, parking, injury due to accidents,
health, crop and material damage due to
particulate emissions, and the like, are esti-
mated to incur $118 to $372 billion per
year that is not fully reflected in user fees
oOr in private costs.

Thus, motor vehicle use is indirectly subsidised, lead-
ing to a greater than optimal use, as well as to over-
consumption of transportation services in general.

14.2  Characteristics, extent and usage
of the highway system

In 1991, the highway system in the United States
consisted of 3.9 million miles of roadway, of which

1. The study summarised here has been published as “U.S. Case Study: Transportation Sector Subsidies”, in “Supports
to the Road Sector”, vol, 3 of “Environmental Implications of Energy and Transport Subsidies™, OECD/GD(97)158, OECD, Paris.

2. The 1994 data now available for the United States indicate a decline in expenditure of non-user-fee tax receipts on
roadways. However, the issues of indirect subsidies and gesigning a structure of user fees that optimises consumption of trans-

portation services are still being debated.




approximately 20% was urban and 80% was rural.
Relative to total land area, this network is of low den-
sity compared with other developed countries such as
France, Japan and the United Kingdom. This lower
density is associated with lower population density
and more widely dispersed economic activity. In per
capita terms, the United States has over twice the road
mileage of France, for example, and correspondingly
higher per capita maintenance costs.

Motor vehicles are used more intensively in the
USA than in mosi industrialised countries, with an
average of about 15 500 vehicle miles per capita
annually in 1991. The majority of this travel takes
place on urban roads and the share is rising; between
1981 and 1991, urban travel rose from 55% to 60% of
miles travelled. Furthermore, traffic volume has been
increasing faster than highway capacity, particularly in
urban and suburban areas. A growing concentration of
population in metropolitan areas, a decline in the use
of carpools and mass transit for commuting, and
increasing reliance on the highway system for freight
transportation have caused congestion delays in urban
and suburban areas to worsen. For example, (c.f. dates
below) the percentage of peak hour travel experienc-
ing congested conditions {defined as a volume/capaci-
ty flow ratio in excess of 0.80) increased from 41% of
total traffic in 1975 to 70% in 1991.

14.3  Structure of roadway user taxes

The administration of the highway system in the
United States, including expansion and maintenance of
infrastructure, regulation, and collection and disburse-
ment of user fees, is shared among Federal agencies,
state agencies and close to 39 000 county, township,
and municipal governments. Federal funds are allocated
to states based on a formula incorporating population,
area, mileage and relative need; such funds account for
about half of capital outlays by state agencies.
Jurisdiction over roads is decentralised, with about 80%
of total road mileage administered at the local level. The
interstate system and all major arterial roads are admin-
istered by the states, Only about 5% of road mileage is
directly under Federal control.

As shown in Table 14.1, user taxes and fees con-
stituted the major portion of the $78.3 billion of funds
made available for highway expenditures in 1991,
amounting to $62.7 billion, 80% of total disburse-
ments. Other funds included $5.5 billion of invest-
ment income, bond issue proceeds of $6.3 billion, less
funds placed in reserve of $2.9 billion, and $18 billion
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from property taxes and general fund appropriations.
These other funds were offset in part by $7.6 billion
of user fees that were diverted to mass transit and
other non-highway expenditures. Fuel taxes account-
ed for 62% of gross user tax collections. Registration
fees collected by state agencies amounted to 17% of
the total, followed by 13% from other Federal excise
taxes plus other state taxes and fees, 6% from tolls
and 2% from local user fees.

14.4  Market costs associated with roadway use
The Federal Highway Administration (FHWA)
separates highway expenditures into six major classes:

capital outlay (associated with improvements
such as land acquisition, construction engi-
neering, construction and reconstruction,
resurfacing, rehabilitation and restoration,
and installation of traffic service facilities);

maintenance (routine repair work such as
road patching and bridge painting, as well as
traffic services such as snow removal, litter
cleaning and toll collection);

administration (includes general overhead,
as well as engineering and research costs not
assigned to particular projects);

highway law enforcement and safety (state
highway patrols, highway safety education,
enforcement of vehicle size and weight
restrictions, and inspection programs),

interest on debt; and debt retirement.

A comparison of Tables 14.1 and 14.2 shows the
discrepancy between revenues associated with user
fees, which totaled $62.7 billion in 1921, and total dis-
bursements of $78.3 billion. The imbalance could be
greater if the opportunity cost of funds allocated to the
highway system -were included. To justify these
expenditures, the rate return of return should be equiv-
alent to that available else‘{évhere, and, as it is effective-
ly part of highway costs, it should be borne by users.

14.5  Externalities

Roadway use also imposes a number of social
costs that are not reflected in the cost of owning and
operating the vehicles involved. Since drivers pay only




Table 14.1: Revenue sources

associated with roadway receipts, 1991
(Million $)

$/VMT Million 1991 $

Federal Excise Taxes

Fuel 17 806

Automobiles From users to Federal govt. § 161

Light Trucks From users to Federal govt. 5 681

Freight Trucks From companies to Federal govt. 3 964
Other 1 980
State Fuel Taxes!

Automobiles From users to state govts, 9 748
Light Trucks From users to state govts. 6 785
Freight Trucks From companies to state govts. 4 734
State Registration Fees!

Automobiles From users to state govts, 6 327
Light Trucks From users to state govts, 3 080
Freight Trucks From companies to state govts. 666
Other Vehicles From users to state govts. 596
Other State Taxes & Fees® 6 156
Local User Fees ' 1 222
Tolls From users to state, local govts. 3 647
Gross User Taxes & Fees® 62 747
Less: Collection Expenses 3 642
Net User Taxes & Fees 0.027 59 105
Less:

Non Highway Expenditures® 2 914
Mass Transit 4 735
User Taxes & Fees Allocated for Highways 0.024 51 456
Plus:

Property Tax & Assessments From users to state, local govts, 4 525
General Fund Appropriations 13 347
Investment income 5 535
Total Current Income 0.035 74 863
Plus; Bond Issue Proceeds 6 297
Total Receipts 0.037 81 067
Funds Drawn/Placed in Reserve (2 900)
Total Funds Available 0.036 78 260

1. Allocation by vehicle type estimated by author based on vehicle miles travelled, fuel consumed and units registered.

2. Includes drivers’ license fees, certificate of title fees, special title taxes, fines and penalties, mileage, ton-mile and passen-
ger-mile taxes, special license fees and franchise taxes, permit fees and miscellaneous receipts less refunds.

3. Equals the sum of total receipts at Federal (FE-9), state (DF), and local (LGF} level plus an adjustment for Federal excise

tax receipts dedicated to deficit reduction and leaking underground fuel tanks, and therefore not included in Table FE-9.
4. Excludes Federal amounts collected as user fees and disbursed for non-highway purposes.
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Table 14.2: Expenditures associated with roadway use, 1991

(Million $)
Cars &
LDTs* Freight Trucks  Urban Non-Urban Total

Total Construction 23 377 12 777 36 154
State Administered Highways 25 716
Local Rural Roads 4 403
Local Municipal Roads 5 799
Not Classified 236
New Road Construction’ 2 442 1 468 3 910
Road Repair!

Reconstruction 2 619 1 460 4 079
Resurfacing 303 705 1 008
Restoration 494 821 1 315
Bridges!

New 1129 246 1 375
Replacement 1 109 898 2 007
Major Rehabilitation 1 090 237 [ 327
Minor Rehabilitation 192 65 257
Muaintenance and Traffic Services 19 408 1 012 20 420
Snow Removal® 789
Highway Police and Safety
Administration and Research 6 535 341 6 876
Law Enforcement and Safety 7 371 385 7 756
Interest on Debt 3120 162 3 282
Total Current Disbursements 59 811 14 677 74 488
Bond Retirements 3 585 187 3772
Total Disbursements 63 396 14 864 78 260
Parking Subsidy 19 000
Employers 19 000
Pollution Control Devices®

Expenditures

Personal Consumption 8 747
Business 5 454
Operating Costs

Personal Consumption 206
Business 206
Inspections’ 439

* Light duty trucks.

1. Highway improvement projects authorised and started in FY1991.
2. Disbursements for state administered highways. :
3. For 1990, updated to 1991 dollars based on BLS producer price index for consumer durahle goods,




a fraction of social costs, their individual consumption
choices exceed optimal levels from a social perspec-
tive. The degree of overconsumption of motor vehicle
transportation depends on the magnitude of externali-
ties and the price elasticity of demand, as well as the
degree of subsidy associated with alternative modes.

There is a substantial body of literature on the esti-
mation of external costs associated with roadway use,
although considerable uncertainty femains. Table 14.3a
presents consensus estimates, based on a review of the
literature. In Table 14.3b, reasonable rules of allocation
are used to distribute these estimates across rural and
urban areas, as weil as between automobiles and trucks.

External costs associated with air pollution from
motor vehicles may account for as much as half of
total external costs. However, there is a large degree
of uncertainty associated with estimated costs, partic-
ularly in the area of damages to human health,

Congestion and accidents also carry large shares
of total external costs, particularly at the low end of
the range. Estimates of the social costs of accidents
and congestion are generally quite large, of the order
of two to five or six times the costs associated with
health effects of air pollution.

14.6  Full user fee funding scenarios

Optimally, not only should user fees fully fund
roadway services, but they should also be designed
according to the marginal cost an additional user
imposes upon society, including damage to roadways,
delays suffered by other users through reduced speed,
and the various other external costs. Such a fee would
vary according to the characteristics of the vehicle,
location of route and time of day. It would also be
contingent upon the current status of highway infras-
tructure and the characteristics of the existing fleet of
motor vehicles. If a system of fees could be designed
to fully reflect costs, it would create incentives to
reduce the marginal costs on which it was based, as
the characteristics of vehicles and roads adjusted to
minimise these costs.

In the initial phase of this analysis, presented to
the Expert Steering Group of the Environment
Directorate of the OECD in January 1994, the effects
of a second-order user pays system of taxes on fuel
consumption were explored. Based on those resuits,
it was decided that a first-order user pays system of
externality pricing should be examined, as well as
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the second-order effect of using fuel taxes as a
proxy. At a minimum, an optimal system of road
charges would appear to include weight-per-axle
fees for heavy vehicles, possibly adjusted for miles
travelled by type of roads, time of day pricing for
passenger vehicles in congested areas, some type of
price for parking, and a version of the current system
of excise taxes, registration fees and tolls to pay for
general highway services.

Only the market costs of driving were evaluated;
no external costs were explicitly included. The ratio-
nale for this approach was the large degree of uncer-
tainty surrounding the estimates of external costs. As
indicated above, the external costs of driving in the
United States vary by a factor of three, from $118 bil-
lion to $372 billion annually.

The reductions in driving and associated green-
house gas emissions that would occur under the first-
and second-order user pays systems of fully-funded
market costs were compared with a reference case
that continued the present system of partial subsidies.
No measurement was made of the reduction in other
social costs, although such reductions could be
expected, insofar as they relate to roadway travel. Nor
was an attempt made to measure possible increases in
the social costs of other forms of transport that might
be substituted for roadway transport.

14.6.1 Road wear vs. congestion

To develop an optimal pricing and investment
schemie, it is necessary to separate the issue of road
wear from that of congestion. It is widely accepted in
the literature that heavy vehicles cause road wear
(compounded by some weather-related deterioration
In certain climates) and light duty vehicles cause con-
gestion. However, because traffic volume and traffic
loadings occur jointly on the single capital item
{(roads), the allocation of costs and revenues will
depend on the interactions between roadway durabili-
ty and roadway capacity, the “economies of scope”.

14.6.2 Parking

Private expenditures not directly borne by road-
way users include parking provided without explicit
charge. Employer provided parking is tax exempt; thus
it is in part compensation and in part government sub-
sidy. To the extent that no alternative compensation is
offered to those who use other modes of transportation,



Table 14.3a: External costs associated with roadway use'
(Billion 1991 $ per year)

Low High
Air Pollution
Human Health 15 181.3
Materials 39 11.7
Crops 2.0 8.0
Climate Change 1.8 . 8.6
Congestion 430 100.0
Accidents 55.0 55.0
Noise 4.1 6.6
Vibration 0.3 03
Improper Disposal na na
Total External Costs 117.8 371.7
Table 14.3b: External costs: modal and rural/urban allocation'
(Billion 1991 $ per year) :
i
3
Rural Urban
Cars Trucks Cars Trucks
Air Pollution ;
Human Health 2.0 10 48.0 i.1t025.8 2910700 1510375
Materials 1.0t 3.1 061w 1.7 1.5t04.5 08t024
Crops 05t022 03t01.1 0.8103.1 04to0l6
Climate Change 051022 031013 0.7t033 04t01.8
Congestion - - 2580 59.9 17.2 1o 40.1
Accidents 11.2 5.8 28.6 2.6
Noise — - 0.61t00.9 35t05.6
Vibration - - 0.05 0.26
Total External Costs 15.1 to 66.3 8.1to 354 61.0 to 169.7 33.6 to 98.5

I. See full text of study {referenced in footnote 1 at the beginning of this chapter) for sources.
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this represents a transfer to motor vehicle users from
non-users. Shoup estimates that 90% of workers in the
USA commute by private vehicle with an average
occupancy of 1.1 persons per vehicle, and that 10% of
drivers pay for parking. Thus, 82% of workers ride in
private passenger vehicles, with 72% receiving sub-
sidised parking. Given 108 million workers in 1991,
this suggests that 78 million people did not pay the full
cost to park at work. Shoup estimates the total amount
of the subsidy associated with employer provided park-
ing at $19 billion per year.

a

14.6.3 Methodology

The U.S. Transportation Submodel uses a stock
vintaging approach to project the compasition of the
light and heavy duty vehicle stocks, the number of
miles travelled, the weighted average fuel economy
of the stock and the amount of fuel consumed. The
primary assumption in modeling the demand for
travel is that drivers operate with a fixed budget con-
straint. That is, to the extent that drivers pay more for
some aspect of travel, such as fuel, they will spend
less on some other inpﬁt, such as the vehicle itself.
There is both empirical and theoretical evidence sup-
porting the fixed budget constraint, In the 1960s,
U.S. consumers spent 9.6% of their budget on motor
vehicles and fuel; 20 years later, after two significant
price shocks, the figure was still 9.6%. Furthermore,
in the years that fuel prices rose substantially, the
share was as likely to fall as to rise. Moreover,
numerous citations are found within the economic lit-
crature supporting a long-term elasticity of one for
any consumer good.

14.6.4 Optimal pricing charges

Currently, the variable cost of driving in the
United States is modest, just $0.058 per mile for car
drivers and $0.073 per mile for light duty truck
drivers. Gasoline currently costs an average of $1.20
per gallon while the average car in the fleet gets 20.7
miles to the gallon and the average LDT fuel econo-
my is 16.4 miles to the gallon. Of the $1.20 per gallon
cost of fuel, Federal, state and local taxes account for
$0.385 or nearly one-third of the cost.

As noted above, congestion pricing, parking
charges and weight-per-axle fees are applied in the
place of gasoline and diesel fuel taxes and non-user
funds. For congestion and parking charges, the new fees
are estimated as costs per mile driven. Other user fees
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are assumed to be left in place. The charges are phased
in during 1998 with full implementation in 1999.

Taken together, congestion and parking fees
raise the cost of commuting miles travelled. At the
same time, the elimination of fuel taxes reduces the
cost of non-commuting and fleet travel by light duty
vehicles. The cost per mile is not significantly dif-
ferent on average for freight travel, although the
costs within categories change, shifting driving from
medium to heavy trucks.

14.6.5 Optimal investment

In the base case, total highway disbursements are
projected to increase in nominal terms from $90 bil-
lion in 1993 to $163 billion by 2010, or 3.6% annual-
ly. In real terms, the increase averages 1% per year,
reaching $105 billion (1993 $). The literature sug-
gests that, in the long run, optimal spending on road
construction and maintenance is about 65% of today’s
levels. The amount spent on traffic services, law
enforcement and safety, and administration could also
decline, as less driving could lead to fewer accidents
and associated costs. However, because of the long
time frame required to adjust roadway durability and
capacity to optimal levels as well as the modest
increases expected in base case roadway disburse-
ments, highway capital and maintenance spending is
brought back to today’s levels over the 13-year pro-
gram implementation period from 1998 through 2010,
while other spending is held at base case levels. By
2010, spending is 90% of the base case level, at $94.5
billion (1993 $), as shown in Table 14 4.

14.6.6 Results of optimal pricing scenario

In the base case, the cost per mile of travel was
expected to fall between 1991 and 2000 and then
recover to the 1991 levels of $0.064 for cars and
$0.084 for light duty trucks by 2010. Initially, in the
Optimal Pricing Scenario, the cost of driving increas-
es dramatically for peak travel and falls significantly
for non-peak travel. Once the initial adjustments
occur, however, the cost per mile for peak travel
declines in real terms through 2010 as the congestion
fee needed to collect target revenues falls. For non-
peak drivers who pay only for gasoline under the
Optimal Pricing Scenario, costs of driving decline in
real terms between 2000 and 2010. The combination
of parking and congestion fees raises the cost of com-




Table 14.4: Highway expenditures: optimal spending case versus base case

(Million $)

1993 Base Case 2010 Base Case Optimal Case Optimal Case

(Million $) (1993 %) Change vs. 1993 (1993%)  Change vs. 1993
Capital Outlays 42 128 49 108 16.6% 41 869 0.6%
Maintenance 18 966 22 108 16.6% 18 849 -0.6%
Subtotal 61 094 71 216 16.6% 60 718 -0.6%
Services 4 808 5 605 16.6% 5 605 16.6%
Admin., etc. 19 796 23 076 16.6% 23 076 16.6%
Debt Retirement 4 376 5 11 16.6% 5 101 16.6%
Total 90 074 104 998 16.6% 94 500 4.9%

muting travel to $0.158 per mile for cars and $0.146
for LDTs by 2010 because the longer average com-
mute of LDT drivers lowers the effective cost per
mile of the flat fee parking and congestion charges.
By 2010, commuting by car is 150% more expensive
than in the base case while LDT commuting costs are
76% greater. For light duty vehicles as a group, com-
muting travel costs increase by 110% in 2010. By
2010, the cost for non-peak travel averages just
$0.039 per mile for cars and $0.052 per mile for

LDTs, a decrease of 37% for both cars and LDTs rel-
ative to the base case. On balance for both types of
driving, travel costs are 24% higher for cars and 16%
greater for LDTs by 2010 with the average cost of
travel up 20% for all light duty vehicles.

The largest response is seen in the initial years of
the simulation. The higher cost of commuting travel
reduces overall light duty vehicle travel by 5%, based
on a 16.5% decline in commuting miles and a 3%

Figure 14.1: Comparisen of carbon emissions from highway fuel consumption
(Million tonnes)
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increase in non-peak travel. In addition, the fixed
budget constraint reacts to the higher overall cost of
travel by causing drivers to prefer cars over light trucks
for reasons of fuel economy. Because the cost per com-
muting mile travelled declines on a year-over-year
basis after 1999, the effect on trayel demand diminish-
es marginally over the forecast period. By 2010, total
light duty vehicle travel is 4% lower than the base case,
with commuting travel down 13% ‘and non-peak travel
remaining 3% higher. Thus, commuting as a share of
total private travel declines from 43% in 1994 to 39%
by 2010 for cars and from 54% to 51% for LDTs.

In terms of fuel consumption and emissions, better
fuel economy means the improvements are larger than
the decline in miles travelled would suggest. Drivers’
demand for fuel economy grows with an increase in the
cost of travel because of the assumption of a fixed
budget constraint. New vehicle fuel economy by 2010
is 20% above the base case while stock average fuel
economy is 17% improved. Thus, fuel consumption in
light duty vehicles falls by 15% in 2010.

Close to 99% of light duty vehicle fuel in 1991
was gasoline. Over the forecast period, small amouits
of methanol, natural gas and electricity will be used
as highway fuels. By 2010, light duty vehicle fuels
are expected to be 94.5% gasoline, 1.5% diesel fuel
and 4% alternative fuels. On the freight side, the
shifts among truck configurations are largely offset-
ting. Medium truck miles travelled decline by 1.3%
while heavy truck miles rise by 0.7%. In all, freight
miles are 0.2% greater in the Optimal Pricing
Scenario than in the base case in 2010.

Furthermore, since medium trucks are slightly
more fuel efficient than heavy, fuel consumed is 0.3%
higher in 2010 than in the base case. Approximately
90% of freight truck fuel use is diesel fuel over the
entire forecast period. Adding light and heavy vehicle
changes together gives a reduction in transportation
fuels and associated emissions of 12% in 2010.
Carbon emissions fall by 50 million tonnes by 2010,
as shown in Figure 14.1. Cumulative carbon emis-
sions fall by 473 million tonnes between 1998 and
2010, equivalent to 7% of total base case carbon
emissions from energy use by highway vehicles.

14.6.7 Gasoline tax increase

The increase in travel costs must be greater with
a gasoline tax than with an optimal pricing scheme in
order to collect the same amount of revenue as in the
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Optimal Pricing Scenario, since fuel economy
improvements cause gallons consumed to decline by
more than miles travelled. In the base case, the
gasoline tax as a share of the final retail price is about
30% over the period. In the Gasoline Tax Scenario,
the tax as a share of the final price reaches 48% in
2000 and falls to 39% in 2010. In nominal terms, the
total of Federal, state and local taxes on gasoline
increases from $0.47 nominal to $0.98 in 2000 and
from $0.74 to $1.15 per gallon in 2010, The final
retail price is 33% higher in 2000 and 16% higher in
2010 compared with the base case. In addition to
higher fuel costs, commuters see a higher cost of
parking, as in the Optimal Pricing Scenario. Thus,
commuting costs are 72% higher than the base case
by 2010 while non-commuting costs are just 2%
higher as a result of improvements in fuel efficiency.

In terms of miles travelled, commuting miles
decline by more than nen-commuting miles for light
duty vehicles. Furthermore, total miles travelled
decline by a greater amount than in the Optimal
Pricing Scenario because the cost of all driving, not
just of commuting, rises, particularly in the earlier
years of the simulation. However, as the increases in
the gasoline tax become a smaller percentage of the
retail price, the impact on miles travelled diminishes,
similar to the pattern in the Optimal Pricing
Scenario. In 2010, light duty vehicle iravel is 6%
below the base case, with a 10% drop in commuting
travel and a 2% reduction in non-peak light duty
vehicle travel. Light duty fuel consumption is 18.5%
below the base case in 2010.

Although diesel fuel costs are unchanged, higher
gasoline prices, which affect 45% of medium truck
travel, combined with lower economic growth result
in 1% fewer freight truck miles and fuel gallons. Thus,
in total, highway fuel consumption in 2010 is 15%
lower than in the base case and 3% lower than in the
Optimal Pricing Scenario. Emissions from the
transportation sector are 14% lower in 2010 relative to
the base case, or 63 million tonnes. On a cumulative
basis, savings of 655 million tonnes are equal to 9.5%
of total emissions of 6 922 million tonnes from the
highway sector between 1998 and 2010.

In summary, the Optimal Pricing Scenario
results in a 4% drop in light duty vehicle miles
travelled, no change in total freight miles and a
combined 12% fall in fuel consumed in 2010. Under
the Gasoline Tax Scenario, light duty miles travelled
decline 6%, freight mileage is down 1% and total
highway fuel use is 15% below the base case by 2010.




14.6.8 Climate change impacts

Implementation of either the optimal pricing
scheme or the second-best gasoline tax increase for
roads has a negligible, albeit negative, effect on
economic activity over the forecast period. The
average annual growth rate between 1997 and 2010 is
barely changed from the base case rate of 2.10% over
the period; optimal pricing lowers the rate to 2.07%
per year while the higher gasoline tax gives a 2.06%
growth rate. Over the period, the cumulative
reduction of $85 to $100 billion in dollars of output
forgone in the Optimal Pricing and Gasoline Tax
scenarios, respectively, amounts (o just 0.1% of
cumulative baseline GDP of $87 181 billion
(1987 $). Because the reduction in carbon emissions
is greater in the Gasoline Tax case with essentially
identical GDP losses between 1998 and 2010, the
cost per tonne of carbon removed is slightly higher in
the Optimal Pricing case than in the Gasoline Tax

© case, as shown in Figures 14.2 and 14.3.

14.6.9 Macroeconomic impacts of
optimal pricing scenario

In this scenario, gasoline taxes aré eliminated
and replaced by congestion, parking and weight-per-
axle fees that fully finance road and highway
construction, The new fees replace existing SOurces
of funding for road and highway construction, which
are reduced by a corresponding amount. These
sources include Federal personal income taxes, state
and local property taxes, state sales ftaxes and state
corporate and personal income taxes. While the
congestion and parking fees raise consumer prices,
only the reductions in state and local propeity taxes
and lower state sales taxes result in lower prices.
Thus, the net impact of the shift in financing is an
increase in indirect taxes on consumers and an
increase in consumer prices.

In the short run, economic activity is boosted
above the baseline because of the shift in
consumption from gasoline, which on the margin is
entirely imported, toward other consumer goods and
services, which are produced primarily by domestic
factors of production. During 1998-99, these positive
impacts are almost offset by a drop in motor vehicle
purchases, associated with bringing the actual motor
vehicle stock in line with the new desired stock.
Because of the higher cost of driving, the new desired
stock of vehicles is smaller than the old. A shift in
light vehicle preferences from light trucks to cars

pushes car sales slightly higher than in the baseline
despite the reduction in total vehicle sales; the entire
burden of lower vehicle sales falls on light trucks.

Without the Federal Reserve accommodating
the increased inflation, real economic activity is
eventually reduced below baseline levels by an
increasc in interest rates. Since the higher rates
reduce investment and thus trim the private capital
stock, potential GDP is reduced below baseline
levels, boosting the loss of GDP. During 2006-10,
state and local spending on road construction falls,
because of reduced road usage, pushing GDP further
below the baseline. This reduction in spending
reduces interest rates back to baseline levels by the
end of 2010. Interest rates would likely fall below
baseline levels in later years, eventually raising
investment above baseline levels, adding to both
actual and potential GDP.

Nominal reserves are assumed to remain at
baseline levels. If DRI/McGraw-Hill’s U.S. Macro
Model Federal Reserve reaction function is turned on,
interest rates rise somewhat more than in the Optimal
Pricing Scenario during the early years, as the Fed
tries to combat the exira inflation caused by higher
net indirect taxes. In the later years of the simulation,
however, as the initial inflation impact disappears and
the unemployment rate rises above baseline levels,
the Federal reserve becomes more accommodative
than in the Optimal Pricing Scenario, and interest
rates are lower. GDP losses after 2006 are reduced, at
the expense of less GDP in earlier years.

14.6.10 Differences between gasoline tax
and optimal pricing scenarios

Core consumer price index (CPI) inflation
excludes gasoline taxes, but includes user fees such as
congestion pricing. Thus, while overall CPI inflation
during 1998-99 is similar in the two scemarios, core
inflation is higher in the Optimal Pricing case.
Because the Federal funds interest rate is a function of
core, rather than overall, consumer price inflation, it is
also higher during 1998-99 in the Optimal Pricing
case. This rise in rates reduces demand for interest-
rate-sensitive GDP components, such as housing,
business investment and consumer durables, including
vehicles. Real GDP falls below the baseline during
1998-2000 in the Optimal Pricing case, while it rises
above baseline levels in the Gasoline Tax case, as
shown in Figures 14.4 and 14.5. Because the Federal
Reserve reaction function uses overall CP1 inflation,
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Figure 14.2: Cumulative carbon savings and cost per tonne removed with optimal pricing
(Million tonnes; 1987 $/tonne)
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Figure 14.3: Cumulative carbon savings and cost per tonne removed with gasoline tax increase
(Million tonnes; 1987 $/tonne)
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Figure 14.4: Loss in output due to optimal pricing
(Cumulative loss in billions of 1987 $; annual percentage difference)
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Figure 14.5: Loss in output due to gasoline tax increase
(Cumulative loss in billions of 1987 $; annual percentage difference)
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Table 14.5: Highway revenues and expenditures

(Billion $)
2000 2010
1991 Base Cong Fee Gas Tax Base Cong Fee  Gas Tax

Expenditures 78.3 123.1 1231 123.1 163.4 147.1 147.1
Revenues 78.3 123.] 123.1 123.1 163.4 1471 147.1
User Fees 59.1 93.0 1231 1231 130.7 [47.1 147.1
Fuel Taxes 368 72.6 110.7

-Light Duty 299 58.0 86.2

-Heavy Duty 6.9 4.6 ) 24.5

Congestion Fees 105.3 106.6 1231 1221
Maintenance Fees 15.1 14.5 220 23.0
Other User Fees 223 204 2.7 2.0 20.0 2.0 2.0
Less:

Non-Highway Uses -7.6 -12.0 -19.5
Non-User Fees 26.8 42.1 52.2

rather than core CPI inflation as in the Federal funds
equation, the interest rate differences between the
scenarios would be reduced if Federal Reserve
accommodation were assumed.

By the end of the period, the losses in GDP are
very similar. However, the GDP losses in the
Optimal Pricing case have stabilized while those in
the Gasoline Tax case have not. The initial
adjustment is more severe in the Optimal Pricing
case than in the Gasoline Tax Scenario due to the
divergent interest rate movements tesulting from
higher core inflation in the former.

14.6.11 Issues with full user Junding of roads

In this analysis, full user funding of roads is
assumed to begin to lower expenditures on road
construction and maintenance toward optimal levels
after 2006. By 2010, road costs are 90% of base case
levels, as shown in Table 14.5. The base case
expenditures that were funded by non-user fees have
been replaced by a combination of congestion and
weight-per-axle fees. Under the Gasoline Tax case,
higher gasoline taxes replace non-user fees; diesel
faxes are not changed. Heavy duty vehicle revenue
contributions in the base case are close to optimal
levels, although the split between medium and heavy
trucks is not. With only diesel taxes as an mstrument,

it is not possible to optimise the medium/heavy
revenue shares under the second-hest solution.

Full user funding of roads should eventually
bring use of roads to optimal levels. Optimal use of
roads should in turn result in lower maintenance costs
as vehicle loadings are adjusted, and lower
construction costs as well as (ime savings as vehicle
congestion is reduced. A macroeconomic model such
as the one used by DRI/McGraw-Hill in this analysis
can capture the impacts of lower maintenance and
construction costs but cannot measure the benefits of
time savings. Thus, the economic impacts described
above exclude the increasc in allocative efficiency
when drivers’ time is used more productively. In spite
of this shortcoming, however, the economic mmpacts
are negligible over the period. Furthermore, the
decline in GDP growth rates has moderated in the
Optimal Pricing Scenario by 2010.

Furthermore, in this analysis, only two market
costs are priced: road wear and congestion. We have
not attempted to measure what happens to most of the
external costs of driving, such as accidents, noise,
land loss, etc. The only measure of improvements in
external costs included in this analysis is the
reduction in greenhouse gas emissions.
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Reforming Energy and Transport Subsidies
Environmental and Economic Implications

Reforming subsidies to polluting activities can benefit both the
environment and the economy. While some recent studies may have
overestimated these benefits, reforming policies that encourage environmentally
damaging activities is a first step towards environment policy objectives. But to
what extent is it worth reforming energy and transport subsidies?

This unique set of case studies shows that reforming supports to coal,
electricity and transport could offer substantial environmental benefits in some
countries. In others, the environmental improvement would be minimal. The
social, economic and environmental outcome of reforms depends heavily on
national and local circumstances and on the way reforms are implemented.

This report identifies key types of support whose reform might benefit
the environment, pointing out some of the pitfalls of ill-considered reforms. It
also suggests some ways in which national governments and the international
community might proceed, bringing together environmental, social and
economic policy agendas.
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