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Foreword

The World Future Council is concerned with creating a highly effective international lobby for
building a world safe for future generations, and for creating a stable relationship between
humanity and our host planet. In recent years not nearly enough has happened to convince
us that the international community is taking the necessary steps towards creating a
sustainable and equitable world.

However, some policies have been implemented that are beginning to show the way.
The one notable global initiative is the Montreal Protocol on Substances that Deplete the
Ozone Layer, originally signed in 1987 and substantially amended in 1990 and 1992. This
landmark international agreement has gone a long way towards a addressing a major threat
to the global environment. Kofi Annan, Secretary General of the United Nations, has
described it as “perhaps the single most successful international agreement to date”. But
there are few other agreements at the international level that can match its success.

As will be evident from Miguel Mendonga’s text presented here, most other “policies
to change the world” have originated in one country and then spread to other countries, or
even from one region to whole nations, and from there to other nations. It will be clear from
this text that there are a great variety of ways in which policy change can be initiated and
spread to other places.

When first searching for publications to describe effective policies to fill major “actions gaps”
we were surprised to find that no other organisation seems to have initiated research to list
the processes of positive change through legislation that have occurred in recent years. This
text, therefore, fills a significant gap.

This is the first in a series of reports to be published by the World Future Council that
will deal with important policy initiatives. We will follow this with other texts on “breakthrough
policies” that have had significant national and international impacts. We will then publish
further reports on proposals that have been put forward by NGO’s or political parties around
the world that have yet to be adopted, but that appear to have great merit as tools for positive
change.

This report is being published to coincide with the meeting of the first 20 founding
councillors of the World Future Council (WFC) in Geneva. After many endorsements for this
ambitious project by eminent people, and after consultations with thousands of organisations
and individuals from around the world, we are proud to be able to take an important step to
making the WFC a reality. In the next few months we will significantly expand the Council to
assure effective representation from all over the world. For more detailed information please
look at our website - www.worldfuturecouncil.org.

This text was produced for the WFC Initiative, with the newly created Schumacher Institute for
Sustainable Systems in Bristol as our base. Miguel Mendonga has produced a remarkable
and diligent piece of work in a very short period of time and we wish to thank and congratulate
him for that. This report is being printed as a document, but it can also be downloaded from
our website. | commend it is an important text for “change makers” anxious to accelerate
policy initiatives that can make a real difference in this increasingly unstable world.

Herbert Girardet

Director of Research

World Future Council Initiative
15" May 2006


http://www.worldfuturecouncil.org/

The Montreal Protocol

Introduction

The Montreal Protocol has been hailed by Kofi Annan, Secretary General of the
United Nations, as “perhaps the single most successful international agreement to date”. It is
evidence of the capabilities of a combined will to identify and deal with a problem that is
global in magnitude and reach. It demonstrates that when faced with a common threat,
nations around the world can come together to successfully design and implement legislation
that is timely, flexible and effective.

The issue of the hole in the ozone layer did take some time to filter through to the
general global consciousness, particularly in view of its complicated, scientific nature, but
once accepted and understood as scientific fact, action was taken.

The key issue was the phasing out and substitution of a group of harmful substances.
This was not new to the international community, following such cases as DDT and asbestos,
and did not require enormous capital investment or social and infrastructural change to
address, as many of our greatest environmental challenges do.

It has proven that international cooperation over a shared problem can achieve
concrete results, and it has set a precedent that may be referred to when considering the vast
array of social and environmental issues yet to be comprehensively tackled.

Background

Chlorofluorocarbons (CFCs) are non-toxic, non-flammable chemicals containing
atoms of carbon, chlorine, and fluorine. They are used in the manufacture of aerosol sprays,
blowing agents for foams and packing materials, as solvents, and as refrigerants. CFCs are
classified as halocarbons, a class of compounds that contain atoms of carbon and halogen
atoms.

Refrigerators in the late 1800s and early 1900s used the toxic gases ammonia,
methyl chloride and sulfur dioxide as refrigerants. After a series of fatal accidents in the
1920s when methyl chloride leaked out of refrigerators, a search for a less toxic replacement
began as a collaborative effort by three American corporations - Frigidaire, General Motors,
and Du Pont. CFCs were first synthesized in 1928 by Thomas Midgley, Jr. of General
Motors, as safer chemicals for refrigerators used in large commercial applications. Frigidaire
was issued the first patent on December 31, 1928.

In 1930, General Motors and Du Pont formed the Kinetic Chemical Company to
produce Freon (a Du Pont tradename for CFCs) in large quantities. Because of the CFC
safety record for non-toxicity, Freon became the preferred coolant in large air-conditioning
systems. Public health codes in many American cities were revised to designate Freon as
the only coolant that could be used in public buildings. After World War Il, CFCs were used
as propellants for insect sprays, paints, hair conditioners, and other health care products.
During the late 1950s and early 1960s the CFCs made possible an inexpensive solution to
the desire for air conditioning in many automobiles, homes, and office buildings. Later, the
growth in CFC use took off worldwide with peak annual sales of about $1billion and more than
one million metric tonnes of CFCs produced.

Whereas CFCs are safe to use in most applications and are inert in the lower
atmosphere, they do undergo significant reaction in the upper atmosphere or stratosphere. In
1974, two University of California chemists, Professor F. Sherwood Rowland and Dr. Mario
Molina, showed that the CFCs could be a major source of inorganic chlorine in the
stratosphere following their photolytic decomposition by UV radiation. In addition, some of the
released chlorine would become active in destroying ozone in the stratosphere. Ozone is a
trace gas located primarily in the stratosphere. Ozone absorbs harmful ultraviolet radiation in
the wavelengths between 280 and 320 nm of the UV-B band which can cause skin cancer as
well as biological damage in plants and animals. A loss of stratospheric ozone results in
more harmful UV-B radiation reaching the Earth's surface.

After publishing their pivotal paper in June 1974, Rowland and Molina testified at a
hearing before the U.S. House of Representatives in December, 1974. As a result, significant
funding was made available to study various aspects of the problem and to confirm the initial



findings. In 1976 the U.S. National Academy of Sciences (NAS) released a report that
confirmed the scientific credibility of the ozone depletion hypothesis.1

A large springtime depletion of stratospheric ozone was getting worse each year.
This ozone loss was described in 1985 by British researcher Joe Farman and his colleagues.
It was called the Antarctic Ozone Hole. This was different from ozone loss in the mid
latitudes. The loss was greater over the Antarctic than the mid latitudes because of many
factors: the unusually cold temperatures of the region, the dynamic isolation of the hole, and
the synergistic reactions of chlorine and bromine. Ozone loss is also enhanced in polar
regions as a result of reactions involving polar stratospheric clouds and in mid-latitudes
following volcanic eruptions. Since the discovery of ozone holes became irrefutable after
1985, the need to control CFCs became increasingly urgent.2

Policy development

In 1985 the Vienna Convention established mechanisms for international co-
operation in research into the ozone layer and the effects of ozone depleting chemicals
(ODCs). On the basis of the Vienna Convention, the Montreal Protocol on Substances that
Deplete the Ozone Layer was negotiated and signed by 24 countries and by the European
Economic Community in September 1987. The Protocol called for the Parties to phase down
the use of CFCs, halons and other man-made ODCs.

After a series of rigorous meetings and negotiations, the protocol was finally agreed
upon on 16 September 1987 at the Headquarters of the International Civil Aviation
Organization in Montreal. The Montreal Protocol stipulated that the production and
consumption of compounds that deplete ozone in the stratosphere - CFCs, halons, carbon
tetrachloride, and methyl chloroform - was to be phased out by 2000 (2005 for methyl
chloroform).®

The treaty is structured around several groups of halogenated hydrocarbons that
have been shown to play a role in ozone depletion. For each group, the treaty provides a
timetable on which the production of those substances must be phased out and eventually
eliminated.”

CFC Phase-out Schedules: Allowed Production
and Consumption for Developed Countries
(percent of baseline)

1987 1990 1992 1990 1994
Original London Copenhagen U.S. Clean European
Montreal Montreal Montreal Air Act Community
Protocol Protocol Protocol Amendments Schedule
1990 100%
1991 100% 100% 85%
1992 100% 100% 80%
1993 80% 80% 75% 50%
1994 80% 80% 25% 25% 15%
1995 80% 50% 25% 25% 0%
1996 80% 50% 0% 0%
1997 80% 15%
1998 80% 15%
1999 50% 15%
2000 50% 0%

Source: http://www.afeas.org/montreal_protocol.html

There are a few exceptions for ‘essential uses’, where no acceptable substitutes have
been found (for example, in the metered dose inhalers commonly used to treat asthma and
other respiratory problems).5


http://www.afeas.org/montreal_protocol.html

Enforcement

The Montreal Protocol is one of the first international environmental agreements that
includes trade sanctions to achieve the stated goals of a treaty. It also offers major incentives
for non-signatory nations to sign the agreement. The treaty negotiators justified the sanctions
because depletion of the ozone layer is an environmental problem that is most effectively
addressed on the global level. Furthermore, without the trade sanctions, there would be
economic incentives for non-signatories to increase production, damaging the
competitiveness of the industries in the signatory nations as well as decreasing the search for
less damaging CFC alternatives.®

Developing Countries

In order to deal with the special difficulties experienced by developing countries, it
was agreed that they would be given an extended period of grace, on condition that their use
of CFCs did not grow significantly. China and India, for example, are strongly increasing the
use of air conditioning and other cooling devices. Using CFC compounds in these devices
would be cheaper than using replacement compounds harmless to ozone. An international
fund was therefore established to help these countries introduce new and more
environmentally friendly technologies and chemicals. The depletion of the ozone layer is a
worldwide problem that does not respect the frontiers between different countries. It can only
be affected by determined international co-operation.7

The Multilateral Fund for the Implementation of the Montreal Protocol provides funds
to help developing countries to phase out the use of ODCs. The fund was the first financial
mechanism to be created under an international treaty. It embodies the principle agreed at
the United Nations Conference on Environment and Development in 1992 that countries have
a common but differentiated responsibility to protect and manage the global commons.

The Fund is replenished on a three-year basis by the donors. Pledges amount to
$2.1 billion over the period 1991 to 2005. Funds are used, for example, to finance the
conversion of existing manufacturing processes, train personnel, pay royalties and patent
rights on new technologies, and establish national Ozone Offices.®

In China, one of the few countries still using CFCs, the government has recently
pledged to alter policy on CFC exports, restricting them only to manufacturers, and forbidding
exports from brokers and traders. This is due to the exposure of illegal CFC exports from the
country.9 Monitoring and enforcement is essential for the maintenance and success of this
kind of phasing out policy.

Outcomes

Until about a decade ago, the lack of knowledge about atmospheric chemistry and
processes led to a significant depletion of stratospheric ozone levels by ODCs. Moreover, by
enhancing the process of climate change they disturb food chains and so have an effect on
agriculture, fisheries and biological diversity. Without the Montreal Protocol, the levels of
ozone-depleting substances would have been five times higher than they are today, and
surface ultraviolet-B radiation levels would have doubled at mid-latitudes in the northern
hemisphere. On current estimates the CFC concentration in the ozone layer is expected to
decline to pre-1980 levels by 2050.

Since the Montreal Protocol came into effect, the atmospheric concentrations of the
most important CFCs and related chlorinated hydrocarbons have either levelled off or
decreased. Halon concentrations have continued to increase, as the halons presently stored
in fire extinguishers are released, but their rate of increase has slowed and their abundances
are expected to begin to decline by about 2020. While there have been reports of attempts
by individuals to circumvent the ban, e.g. by smuggling CFCs from undeveloped to developed
nations, the overall level of compliance has been high. This explains why the Montreal
Proto1cool is widely regarded as the most successful international environmental agreement to
date.
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Danish Wind Cooperatives

Introduction

Denmark is considered to be the world’s leader in Wind Energy technology. In terms
of installed capacity (3.1GW in 2004"), reduction of CO, emissions (5.2m tonnes?),
percentage of national energy supply (>20%), hardware exports (40% of world market share
in 2004), jobs in the sector (20,000) and contribution to GDP (€3 billion), the figures are
impressive.3

This world-beating situation arose largely through the efforts of the wind cooperatives
or guilds, which helped shift policy to aid investment and growth in the sector. An account of
the development of the wind industry in Denmark may be useful, because it demonstrates,
among other things, what committed public action can achieve for renewable energy. In
addition, the policies that have supported and grown out of this development will be outlined.

Background

The generation of electricity from wind turbines in Denmark has its roots in the work
of several pioneering designers and supporters, notably Christian Riisager in the 1970s and
Poul la Cour in the 1890s. After a slow start, the technology improved greatly over time,
dramatically bringing down costs and raising efficiency.

In 1971 Denmark became the first country in the world to establish a ministry for the
environment,* which aided the receptiveness of government to renewable options. Later,
their decision to avoid the nuclear route further supported the renewable energy sector. The
wind industry expanded after the oil crisis, despite being slowed for a period after the initial
effects diminished and cheap oil, gas and coal were again the fuels of choice.

In this situation, the Danish wind cooperatives, backed by the national regulatory
framework which grew up alongside them, were a tremendous boost to the wind industry.
The Danish proclivity towards cooperatives, seeded by the 19" century Danish theologian
N.F.S. Gruntvig, has also underpinned the success of the industry.

Birth of the wind co-operatives

Following the 1973 energy crisis, Christian Riisager, a carpenter from west Jutland,
developed a 22 kW turbine, which was adopted by a number of idealistic visionaries. In 1978,
twelve owners of Riisager's turbines formed themselves into the Association of Wind Turbine
Owners, the Danske Vindkraftvaerker (DV), to advance their mutual interests and to spread
information about wind energy.5 This group grew to incorporate not just individuals, but
NGOs, wind associations, consultants and local administration, helping to generate more
knowledge and experience. Due to the mistrust and resistance they had met at first, it was
not by chance that DV chose the 4th of May as the day of foundation, as it was on the 4th of
May 1945 that Denmark was liberated form German occupation.®

In the 1970s the Lauritsens, a pioneering couple, encouraged another two
neighbouring families to co-operatively buy a turbine to supply their own energy, and sell the
surplus back to the grid. Their 55 kW turbine cost the families £12,000 each to purchase, but
the electric utility refused to buy their electricity. A two-year legal battle resulted in an
agreement that the co-operative would be paid 85% of the price of electricity for their power,
and that they would buy the power they needed back from the grid at the full price, with the
other 15% covering the cost of distribution. As soon as the agreement had been made, the
Lauritsens were inundated with requests to help in setting up similar co-operatives. A total of
377 wind turbines were erected in 1979-1980, and co-ops proIiferated.7

Asbjern Bjerre of DV says cooperative wind development is a natural outgrowth of
Danish cultural and agricultural interests. “The objective of the Folketing [the Danish
Parliament], in providing incentives for wind cooperatives, was to encourage individual action
toward meeting Danish energy and environmental policy.” Through this program, nearly any
Danish household could effectively generate its own electricity without necessarily putting the
wind turbine in their backyard. The concept spread to Germany and the Netherlands, and is
also alive in the US.



These cooperatives were actually assembled as limited liability companies, or
investment co-ops, due to issues with Danish law and tax policy. Danish law did, however,
provide for mutual ownership of wind turbines (faellesmglle) by exempting owners from taxes
on the portion of the wind generation that offset a household's domestic electricity
consumption.®

The market grows

This burgeoning market in wind turbines was appealing to potential manufacturers,
and in 1980-81 several major companies took up their industrial production. From there, wind
turbine manufacturing developed to become a fully-fledged industry during the 1980s.
Accelerating this process was the fast-growing Californian market, where Danish
manufacturers had acquired a 50% market share by 1986.°

At this time, competition between the manufacturing companies led to rapid
development of the technology. The size of the wind turbines grew steadily, decreasing the
relative production costs, and the costs per kWh. Also, the manufacturers gained more
knowledge about the dynamics related to the impacts from wind and other climate factors in
the landscape. The turbines thereby became more reliable, efficient and also quieter.™

In the late 1970s, when the development started, the only limitation was that all
members of the guild should live within the same electricity supply area, or no more that 3 km
from the turbine. This was termed ‘the criterion of residence’. The idea was that those
bearing any inconvenience from the turbines should be the ones to profit from them.

Much has changed in the last 30 years. By 2000 wind energy had become a massive
global market and more and more turbines started to be erected offshore. In 2003, 492 MW
out of the 530 MW of offshore wind turbines produced worldwide were of Danish origin. The
largest offshore wind farm in the world was at Nysted, a joint Danish-Swedish venture built
near Lolland, with 72 turbines and a total capacity of 166 MW. Annual production from this is
around 595 million kWh, the equivalent to the electricity consumption of 145,000 Danish
homes, which could save the emission of 500,000 tonnes of CO,."’

Policy development

DV's key legislative successes brought wind energy into the mainstream, starting with
the 1978 ruling setting the agreement on ‘net metering’, which enabled wind turbine owners to
sell their energy into the grid. There have also been changes in the laws which allow owners
to live further away from the wind turbines and to have shares in a wind turbine corresponding
to 30,000 kWh, which have enabled city dwellers to become members of the guilds. '

In 1980, the Social Democratic government offered a 30% subsidy for new wind
energy installations. In the mid-1980s, the criterion of residence rule was adapted so that
guild members could live within the same borough + 10 km (There are from 3-4 to 15-20
boroughs in an area of electricity supply). At the same time a consumption criterion was
introduced. All guild members could only have shares in the wind turbine production
corresponding to his own consumption + 35%; however, always with a minimum of 6,000
kWh. This was introduced after pressure from the power utilities, which wanted to prevent
individual, often well-off people, from buying big wind turbines and becoming private electricity
producers. ™

The favourable purchase terms which DV negotiated have been critical to the
success of the wind turbine guilds. After 1984, wind turbine producers were given a subsidy
of 1.5p for every kilowatt-hour supplied to the grid, which brought the effective sale price of
wind energy to 6.5p per kWh, allowing a 15% return on capital invested, which opened the
floodgates for many new investors. ™

In 1985, responding to public pressure, the Folketing vowed not to build any nuclear
reactors. The following year, this decision was cemented by the meltdown at Chernobyl.

In 1988, a newly elected Liberal-Conservative government cut the pre-existing wind
subsidy in half. However, the return on investment in wind energy continued at 15-25%
because of three key aspects of the Social Democratic policy for community-owned wind
energy: the right to connect to the electrical grid, a legal obligation for electrical utilities to
purchase wind energy and a guaranteed fair price.



In addition to the many political problems which the guilds faced, some electric utility
companies charged unreasonable amounts for connecting the turbines to their grids, and
found ways to cut the payments they should have been making to the guilds for their
energy.”® In 1992, a new breakdown in the negotiations between DV and the utilities led to
the introduction of the Wind Turbine Law, which ordered the utilities alone to pay for the
strengthening of the high voltage grid, and to pay 50% of the consumer's price for electricity
from wind turbines. In addition, the utilities were obliged not just to del|ver electr|C|ty, but to
receive electricity generated by alternative producers such as wind turbines.”

Under this law, the criterion of consumption was also extended so that you could
subscribe for electricity from a turbine corresponding to your own consumption + 50% and
always 9,000 kWh, irrespective of consumption.

In November 1996 new rules came into force, which meant that every person was
allowed to have shares in a wind turbine corresponding to 30,000 kWh, and that there would
be some slackening in the criterion of residence. The result was that a person, who works in
a firm or owns a house or real estate in a borough, has a right to take part in a wind turbine
project there, even if they live elsewhere."

In 1993, the Social Democrats were again elected, and this is considered the golden
age for wind energy in Denmark, with production more than tripling from 1,200 to 4,100 GWh.
This of course followed the Rio Earth Summit the previous year.

However, when the Liberal-Conservative coalition government was re-elected in
2001, they pulled the plug on wind energy by saying that it had to stand on its own in the
market The effects won't set in fully until 2010, when current fixed- 1prlce contracts for wind
power expire and turbine owners are then exposed to the free market.

At present, there is a system of subsidy reduction in place, wherein age and year of
connection to the grid are the major factors on what will be paid, with newer turbines receiving
less money.”

Cooperative successes

Danish wind turbine cooperatives have had a profound effect on the development of
wind energy. Until 1995, most wind turbines in Denmark were installed cooperatively. About
5% of the population now own a stake in a windmill gund

The success of Danish coops and risk-taking farmers can best be seen in the
township of Sydthy in northwest Jutland where winds sweeping from the North Sea across the
great Limfijord produce 130% of the electricity consumed by the township's 12,000
inhabitants. The area's wind turbines, all cooperatively or individually owned by local
residents, are net exporters of wind energy. During blustery sprlng months, the turbines
produce three to four times the amount of electricity consumed locally.

Despite changes in Danish policy toward renewable energy, cooperative action
remains an important avenue toward local ownership. Half of the twenty 2MW turbines
installed just offshore from Copenhagen, at the Middelgrunden wind farm, were developed
cooperatively. The remaining ten turbines are owned by the municipal utility. Organizers
believe the project would not have been built without the public support engendered by local
ownership. Despite numerous obstacles, the cooperative sold 40,500 shares for €570 each,
a price set as Iow as possible to enable broad participation. All together, 8,500 investors
bought shares.?

DV's strengths have been the persistence of its members, the flow of quality
information about wind power, and the support of the ‘Green Majority’ (left wing socialists and
centre parties) in the Danish Parliament, which has persistently supported the growth of the
wind turbine industry. This support came because of concerns about the environment and
the impacts of global climate change, and the realization that wind energy had good
prospects for job creation and exports, earning valuable foreign exchange for Denmark.?*

By September 1999, DV had 12,000 personal members and 67,000 members
through the guilds, who jointly owned 3,200 wind turbines. Half of DV's turbines are owned
by the guilds, and half by individual owners. Supported by a strong domestic market, Danish
manufacturers sold 1,216 MW of capacity in 1998, a 26% increase over 1997. In 1998, 55%
of all wind turbines operating globally had their origin in Denmark. The country's goal is to
produce 50% of its electricity by wind by 2030. Encouraged by this progress, the Danish
Parliament has voted to reduce Denmark's CO, emissions by 20% by 2005 (compared to



1988), four times more than is required by the Kyoto treaty agreement, which calls for an
average 5.2% reduction by 2010 - 2012.%°

Outcomes

Wind energy offers citizens the opportunity to build, own, operate and profit from their
own renewable source of electricity, and hence it can provide communities with a more
secure energy supply.26 Most of the employment created by the Danish wind industry is
primarily situated in sparsely populated areas of the country, contributing importantly to the
welfare of some rural economies.”

The wind industry has succeeded in no small part due to public support. According to
public opinion polls, 86% of Danes support wind energy when compared with existing fuel
sources. The polls also show that direct involvement of the general public in wind farm
projects has helped to increase local approval.28

The industry also benefits from the proximity and close cooperation with world-class
researchers. Danish research institutions established the Danish Research Consortium for
Wind Energy in 2002. The consortium comprises approximately 150 researchers working
with meteorology, fatigue loads, aero- and structural dynamics, grid interaction and so on.
The research and business sectors have cooperated closely for 25 years creating an
unrivalled cluster of knowledge. Integrating still larger amounts of wind energy in the grid is a
major future challenge. Danish system operators are becoming experts in handling very high
wind penetration levels. The proportion is 100% in West Denmark on windy days with low
consumption. In cooperation with Danish researchers, system operators are developing
flexible system solutions that will make wind power even more attractive.?

Wind turbines cause virtually no emissions during their operation. The EU
Commission’s ExternE Research Project calculates that wind power has the lowest external
costs of all energy technologies — 0.1 eurocent/kWh compared to 4 and 7 eurocent/kWh for
coal and brown coal in Denmark. Denmark’s use of clean wind energy is saving our
atmosphere from about 5.2 million tonnes of CO,, and saving the Danish economy a bill of
some 2.3 million tonnes of coal worth more than €100 million.>

Utility companies have discovered that wind is a safe investment. The fuel used in
wind power production is free, whereas fossil fuel prices are increasingly volatile. Over the
last 25 years, the cost of producing one kWh from wind has been reduced by 80%, and cost
reductions continue.*’  Wind turbines on very good sites can already compete with new coal
or gas-fired power pants. Estimations show that wind turbines can compete on market terms
in 7-10 years.*

In terms of job creation, the wind industry in Europe as a whole can look forward to
huge growth, as a result of pioneering efforts to establish the sector, and also the
opportunities created by the Kyoto protocol and the European Emissions Trading; System.
Job numbers could rise to 200,000 people employed directly in the sector by 2020.°

Conclusion

Wind power has clearly had enormously beneficial effects in Denmark, in social,
economic and environmental terms. Fossil fuels, although they have afforded humanity the
opportunity for great technological advancement, have had their time. The costs are now
outweighing the benefits greatly, resulting in not just environmental degradation and climate
change, but contributing to fresh religious and international rifts through direct conflict over
resources.

From Denmark, wind power is now spreading across the planet, with enabling
legislation in countries like Germany, Spain, Britain and India causing the rapid spread of this
technology. Turbines are becoming ever larger, with 3-megawatt machines now becoming
the norm. In countries like Britain, where popular resistance against the cluttering of rural
landscapes is a major concern, the development of offshore wind farms is an obvious choice.

Renewable energy is not subject to such deadly squabbling. It is very unlikely that
there will ever be a war over energy from wind, water or sun, and Denmark has instead
shown people coming together over energy issues, replying intelligently to the demands of the
age and setting an example to the rest of the world.
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German Renewable Energy Law

Introduction

The United States was the first country to enact a national feed-in law in 1978," but
probably the world’s most successful renewable energy policy has been the German adoption
and development of the feed-in law in 2000, which was revised in 2004. It has created a
booming internal and external market, for wind and solar technology in particular, and has
simultaneously helped Germany towards meeting its carbon reduction targets. This type of
legislation has now spread to 16 of the 25 EU Member States, and almost 40 countries
worldwide.? China is the latest country to adopt its own version of feed-in legislation in
January 2006. Wherever it has been applied, this timely, creative legislation has triggered
incredible growth in the renewable energy sector, and represents a milestone in both
environmental and economic policy. This text discusses how the legislation works in theory
and in practice.

Feed-in Law

A feed-in law is a legal obligation on utilities to purchase electricity from renewable
sources® at a preferential purchase price. Producers of renewable energy are guaranteed the
sales price and the market through an obligation from utility companies to purchase the green
electricity on an annual fixed-rate basis.* The price paid is subject to periodic adjustments by
regulators. The price and the duration of the contract is set at levels that maintain confidence,
allowing investors to help grow the sector in a low-risk environment.

Germany’s EEG legislation

Germany’s Renewable Energy Law (EEG) was adopted by the social democrat/
green government of Chancellor Schroeder in April 2000. It applied to power generated from
wind, solar, or geothermal sources, as well as from hydro, landfill, sewage or mine gas plants.
In 2004 biomass energy was added to the portfolio for installations.

The aims of the EEG were to facilitate a doubling of renewable energy’s 1997 share
in the power generation fuel mix by 2010, to a minimum of 12.5%. Its remuneration system is
not based on average utility revenue per kWh sold, but rather on a fixed, regressive feed-in
tariff. Grid operators are obligated to purchase power from local producers; a nation-wide
equalization scheme has been implemented to reduce the cost differentials paid by grid
operators in different parts of the country for the purchase of renewably-generated electric:ity.5
Under the EEG, energy from renewable sources commands premium prices, but the
additional costs are not covered through taxation but are included in household electricity
bills. The total costs are currently estimated to cost only about €1 per month per household.

The EEG obliges grid operators to buy electricity from renewable generators in
accordance with specified feed-in tariffs. For solar PV, each year the price paid for electricity
from new installations is reduced by 5%, giving solar manufacturers a strong incentive to
reduce prices as the size of their market expands and cost reductions in PV technology are
achieved. But since the premium prices are guaranteed for 20 years, the confidence of
investors is assured.®

In Germany the amount of energy from renewables is distributed equally among all
electricity suppliers via a flexible quota system, according to the total amount of electricity
supplied to customers. The tariffs are set for each individual technology, based on their
actual generation cost:

e Hydro, landfill gas, mine gas or sewage gas - at least 6,65€-cent/kWh.

e Biomass - from 8,70 €-cent/kWh to 10,23 €-cent/kWh, depending on the
capacity, with a degression of 1% for new installations starting in 2002.



e Geothermal energy — from 7,16 €-cent/kWh up to 8,95 €-cent/kWh.

o Wind - 9,10 €-cent/kWh for at least the first 5 years of operation. Thereafter,
the rate is reduced depending on the quality of the site down to 6,19 €-
cent/kWh. These rates are subject to a degression of 1,5 % for new
installations (starting in 2002).

e Solar energy is 50,62 €-cent/kWh, with a degression of 5% for new
installations starting in 2002.

Every two years the German parliament re-evaluates the law on the basis of a report
which is prepared by the Ministries of Economics and Technology, in close consultation with
the ministries of Environment and Agricul’(ure.7

In no other field is the introduction of a pricing regime at the expense of polluters more
legitimate and more justifiable than in the field of energy supply because of the ecological
damage associated with conventional electricity generation. The legislation provides for
consistent and equal burden sharing among all power suppliers. This is in keeping with the
‘polluter pays’ principle established in environmental protection.8

Related energy policies

A 1997 Directive on Renewable Energy Sources adopted by the European Union,
which applies to all EU countries, has also contributed to the growth of renewable energy by
aiming to boost the renewable share of the electricity generating fuel mix to 22% by 2010.
Similarly, the EU’s ratification of the Kyoto Protocol has given all EU member states additional
legal incentives to reduce their domestic greenhouse gas emissions through the use of
renewable energy.

In Germany renewable energy technologies are part of a broader long-term strategy
to reduce greenhouse gas emissions and other environmental impacts of energy use, to
curtail dependence on the oil and gas imports that now satisfy some 62% of German energy
demand, and to contribute to German economic growth via high technology exports.®

The election of Germany’s Red-Green coalition government in 1998 brought with it
additional policies and legislation promoting renewable energy. For example, the 1999
Ecological Tax Reform (ETR) initially increased the taxes on motor fuels, fuel oils, and natural
gas, and also levied an electricity tax across all sectors. These taxes have been increased in
subsequent years. The ETR has helped to increase the use of biofuels, which are exempt
from taxation under the law, but has had a neutral effect on wind, solar, and other sources of
renewable electricity, since all electricity providers are subject to the ETR power levy.

Incentives for combined heat and power generation were introduced, as were
increasingly stringent regulations on the energy performance of buildings. The German
government has also been working to secure the participation of German industry in climate
change mitigation efforts. For example, in 1996, after three years of intensive negotiations,
the government reached agreement with industry regarding voluntary emissions reduction
commitments.

In 1999 the coalition government also introduced the 100,000 Solar Roofs Program
(HTDP). This aimed to increase solar PV electricity generation by subsidizing the installation
of new solar panels with capacity of 3kWp or higher. With a €510m grant, HDTP helped
installed PV capacity to grow from 50 MW in 1998 to 350 MW in 2003. The programme was
expected to generate €1.3 billion in private investment, and also served a key industrial policy
goal. HDTP was designed to enhance the competitiveness of German PV manufacturers and
place them at the leading edge of a burgeoning global solar market.

A further key driver behind this aggressive policy direction has been the nuclear
phase-out law, which was passed by both the Bundestag and the Bundesrat and signed by
President Rau on April 26, 2002. This committed Germany to replacing nuclear power’s
contribution of 30% of its energy production in the medium term.



Outcomes

These laws, in particular the EEG, have achieved the successes that any nation
would ideally aim for in a policy, in terms of environmental, social and economic gains. In
particular, they have provided a sensible instrument to force growth of renewables, which, by
2003 saw a 98.7% increase in energy production from sources including hydro, geothermal,
solar, wind, combustible renewables and waste.

As stated above, Germany’s renewable electricity targets are 12.5% by 2010 and

20% by 2020. But it also aims to achieve a 10% contribution of renewables to primary energy
by 2010: this includes heat and transport fuels as well as electricity. Germany’s Kyoto target
is for a 21% cut in greenhouse gas emissions: by 2004, it had reached 19%.""
Though the feed-in law was vigorously protested by electric utilities, and has seen revisions
over the years, it has successfully launched the largest wind power programme worldwide,
and Germany is now one of the largest solar markets as well. A sizable wind and solar
manufacturing base has also developed in the country.12

The EEG has been essential in further boosting the viability, and hence value, of the
renewable energy industry in Germany. In 2003, German manufacturers and suppliers
achieved total profits of around €3.8 billion. This was more than half of the global turnover for
the wind indus’[ry.13 In 2004, the photovoltaic industry achieved an annual turnover of €1.5
billion." The renewables industry in general has seen major growth, with 450,000 jobs being
created,” and CO, emissions totalling 70 million tonnes were saved in 2004.

One of the greatest measures of success, however, is the reproduction of these
approaches around the world, in effect exporting the same benefits nationally, regionally and
globally. In order to further optimise feed-in systems, the Feed-In Cooperation, initiated by
Spain and Germany at the Renewables 2004 conference in Bonn, was initiated. The goals
include promoting experience exchange between countries with feed-in systems and
supporting other countries in the introduction and improvement of such systems.1

It must be borne in mind, however, that despite the substantial growth in renewable
energy production, it has not kept pace with a 6% increase in Germany’s total electricity
consumption since 1993. Thus, the substantial increases in renewable energy use have not
reduced conventional electricity demand.™ This is the challenge of the age for policy makers
- to create integrated policies which combine instruments that result in increased energy
efficiency, reduced emissions of greenhouse gases, and increased support for further
development of the renewables sector.

' REN21, Global Status Report, www.ren21.net/globalstatusreport/gsr4b.asp, viewed 7 February 2006.
2 Klug, A, Renewable Energy Development in Germany, Speech at International Grid-Connected
Renewable Energy Forum, Mexico, 2006.
3 EEA, http://glossary.eea.eu.int/EEAGIlossary/F/feed-in_law, viewed 6 February 2006.
4 Boyle, G, Out with Nuclear, in with Renewables: Germany Leads the Way, Resurgence, 2005.
® JGCRI, Renewable Energy Policy in Germany: An Overview and Assessment,
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Solar Thermal Ordinance - Barcelona

Introduction

In response to the passing of the age of cheap oil, renewable energy would seem to
be the only sustainable and safe path for us to follow towards meeting our energy needs.
Certain nations and municipalities are taking a pioneering attitude to this issue, and
introducing policies that not only save CO, emissions as well as money over time, but also
boost domestic industry and create jobs, thereby contributing to GDP, the favoured indicator
of traditional economists.

In Barcelona, a by-law was introduced in 2000 that has successfully achieved all of
the above, so much so that it has been replicated across Spain, and is likely to be copied far
and wide, especially in those regions which receive high levels of solar insolation (the total
energy per unit area received from the sun). It demonstrates a bold yet rational attitude to the
natural renewable energy endowment of an area.

For all that, it may well be just the start of a solar revolution across the nation, with
policy makers drawing on this successful formula for inspiration in designing even broader
plans for a country wealthy in solar energy. This would complement their similarly proactive
attitude towards biomass and hydropower, as well as wind power, the uptake of which is also
growing rapidly.

Background

The statistics related to Barcelona’s receipt of solar energy quickly illuminate why it is
essential to harness it. The city enjoys around 2,350" - 2,475 hours of sunshine per year,
and a solar radiation equivalent of 15 MJ/ m® per day or 1,521 kWh/ m® per year. It means
that the surface of the Barcelona municipality receives from the sun 542.43 PJ per year or
150.67 TWh of energy per year. This energy is equivalent to 11 times the energy
consumption of the city and 28 times the electricity consumption.

The starting point for the Barcelona Solar Ordinance was in September 1995, when
the Berlin Parliament authorised the Senate by an almost unanimous vote to enact an
ordinance on the use of solar energy. The Berlin Solar Collector Ordinance Draft was
presented at the 4th European Conference on Architecture in March 1996, after detailed
discussions within the administration and following a public hearing.®

After a first draft in 1998, then further redrafting, the Ordinance was approved in
1999, entering into force in August 2000 after a one-year moratorium to allow builders time to
adjust.4 The stated aim was to regulate, through local legislation, the implementation of low-
temperature systems for collecting and using active solar energy for the production of hot
water for buildings.®

The Ordinance

The Barcelona Solar Thermal Ordinance, or ‘Ordenanza Solar’, represents a major
milestone in urban energy policy. The ordinance requires all new buildings above a certain
size category (292 MJ per day hot water energy consumption) to provide at least 60% of their
domestic hot water energy demand from solar thermal collectors. Swimming pool heating
must be 100% solar. Buildings undergoing major refurbishment are also included. The size
category means that in general, all commercial buildings and residential buildings of 16 or
more households are subject to the ordinance.

There was no specific project budget for the ordinance as it involved the approval of a
legal text. The funds for Barcelona's Plan for Energy Improvement are negotiated each year.
The plan is financed mainly from public administration funds.®

The policy is part of a broader energy improvement plan to the year 2010 for
renewable energy and energy efficiency, which includes management instruments, legal
frameworks, education, and information and communication. City subsidies are available for
solar hot water systems (SHW) for new buildings below the size requirement for compulsory



installation. There have also been solar PV demonstration projects as part of this plan,
including solar PV installations at city schools.’

The project tries to promote a spirit of co-operation between all sectors of society with
the ultimate aim of demonstrating the concept of the sustainable city. At first the decision to
impose the ordinance provoked substantial comment from all professionals involved. This
was addressed through a series of meetings. An inquiry revealed that 80% of the inhabitants
of Barcelona are willing to pay 10% more for renewable energy. After the acceptation of the
Solar Bylaw, visits by citizens to the local Renewable Energy Information centre doubled.

In order to promote the ordinance and its acceptance, the City of Barcelona
implemented a broad communications programme. It published an explanatory guide to the
ordinance in several languages, held periodic round tables and meetings with stakeholders
(contractors' associations, engineers, architects, environmental organizations, neighbourhood
associations, citizens), promoted the ordinance in neighbouring cities, implemented
demonstration projects (such as solar thermal installations at swimming pools), and organized
a ‘Solar Day’ in Barcelona.®

Now, a campaign is organised to replicate the project, this time aimed at involving all
municipalities of the Catalonian region and supported by the Regional Government. For
successful implementation of the campaign it was necessary first to define the local
characteristics as housing typologies, energy consumption, solar radiation, legal framework,
defining costs, estimated production and savings. After this, answers were sought as to how
to provide the necessary complementary services: e.g., suppliers, installers, training
promoters, architects, installers, municipal technicians. Finally, appropriate financial schemes
like conventional and green bank loans, leasing and so on had to be found. All these data
were gathered to create a campaign proposal for municipalities and regional governments.

A rapidly growing number of other municipalities approved a solar ordinance based
on that of Barcelona, adapting it to their own characteristics. Also a number of other parties
including UNESCO became involved in this initiative.®

Enforcement

In practice, adherence to the ordinance is confirmed from the building design at the
time a construction permit is approved. Building inspectors are then responsible for ensuring
that actual performance meets the 60% criteria. Thus the ordinance is subject to the normal
problems of building inspection, including tampering with the equipment (for example, there
have been stories of SHW installations being removed after inspection for use elsewhere).
But, according to the Barcelona Energy Agency, adherence to the ordinance appears to be
satisfactory.10 Any infringements are met with fines, and building work can be halted until
compliance is achieved. "

Other Countries

Israel appears to be the only country with a national-level policy mandating solar hot
water in new construction. Since 1980, most buildings in Israel have been required to have
solar hot water collectors. The technical requirements vary by size and type of building.12

Many countries now provide capital grants, rebates, or investment tax credits for solar
hot water/heating investments, including Australia, Austria, Belgium, some Canadian
provinces, China, Cyprus, Finland, France, Germany, Greece, Hungary, Japan, the
Netherlands, New Zealand, Portugal, Spain, Sweden, the United Kingdom, many U.S. states,
and the U.S. federal government. Capital grants are typically 20—40% of system cost.
Investment tax credits may allow deduction of all or part of the investment cost from tax
liability. Ital1y’s renewable energy certificates also apply to solar hot water, so-called ‘white
certificates.’ ™

More than one-half million solar hot water systems have been installed in the United
States, mostly on single-family homes. The majority of these systems are used to heat
swimming pools. In September 2000, California introduced a bill that provided funding for
solar water heating systems as well as distributed generation systems. The Solar and
Distributed Generation Grant Program is being administered by the California Energy
Commission. The Program has funded up to $750 per solar water heating system.14



Outcomes

After the Barcelona bylaw became active in August 2000, within one year the total
amount of square meters of solar thermal appllcatlons quadrupled. This equates to savings
of around 3000 tonnes of CO,. Over five km? of Mediterranean forest would require one year
to convert this amount of carbon dioxide into oxygen. > Another interesting outcome has
been that houses equipped with solar thermal appllances became relatively more valuable.®

Before the ordinance, Barcelona had 1,650m? of solar thermal collectors installed, or
1.1m? per 1000 people. By October 2004, after four years with the ordinance, Barcelona had
21,500 m? installed, or 16.5m? per 1000 people, an increase of 1,400%. But these levels are
still well below SHW penetratlon in some of the leading European countries like Greece and
Austria, which have 200-300m? per1000 people. As the building stock is added, this indicator
should rise substantially |n Barcelona, as 41% of all new buildings now include SHW. The
city's objective is 96,000m? of SHW by 2010."

By December 2004 327 projects of buildings affected by the rules were processed,
with a total of 24,531 m? of new solar heat- -capture surface in the city, producing estimated
annual energy savings of 19,625 MWh. In comparative terms, the energy production in the
form of hot water of the 19,625 MWh p.a. saved by the application of the Ordinance is
equivalent to the consumption of a town with a population of some 37,560 inhabitants during
one year.

Other Spanish cities with solar ordinance (April 2004)
City Date of Approval
Barcelona July 1999
Sant Joan Despi November 1999
Montcada i Reixac October 2000
Esplugues de Llobregat November 2001
Terrassa February 2002
Cardedeu June 2002
Sevilla June 2002
Pamplona October 2002
Sant Cugat del Vallés November 2002
L’Hospitalet del Llobregat April 2003
Sabadell January 2003
Madrid November 2003

Source: Pujol, http://www.energie-cites.org/documents/martigny/pujol_gt2.pdf

Following Barcelona’s lead, other cities and towns in Spain adopted solar thermal
ordinances. The strong interest by municipalities prompted the Spanish Institute for Energy
Diversification and Saving (IDAE) in 2003 to elaborate a solar ordinance template, largely
based on Barcelona’s solar ordinance, which could be used by cities and towns as a basis for
their own such rules. By November 2004, 34 municipalities and one region had adopted
solar ordinances, with additional ordinances in the pipeline for 10 more regions (out of a total
of 17). Results have been significant. For example, Pamplona’s solar ordinance, which
entered into force in mid-2004, caused a 50% increase in solar thermal collectors in one year
A nationwide solar ordinance was under consideration and expected to be enacted in 2005."

Building on the success of the ordinance, a new renewable energy plan was drawn
up. The goals of Barcelona City Council's Plan for Energy Improvement in Barcelona (2002-
2010) are to increase the use of renewable energy (especially solar energy), reduce the use
of non-renewable energy sources, and lower the emissions produced by energy consumption
in order to meet Barcelona City Council's international climate protection commitments.

This integrated plan includes a quantification of the energy used and emissions
produced in the city and provides scope for municipal action to promote an environmentally
sustainable city, reducing air pollution and the consumption of fossil fuels in the process.



Specifically, by 2010 Barcelona aims to: reduce CO, emissions by 20% compared to
1999 levels; maximize the use of the city's renewable energy sources (up to 188,848,440
kilowatt hours/year of renewable energy, which represents 1.1% of the city's total energy
consumption); emit less than 3.15 tonnes of equivalent CO, (eCO,) per capita.

In the future, the ordinance needs greater public and professional awareness, quality
verifications to ensure adequate technical performance of installed systems, architectural
integration, and product certification (which is properly the responsibility of the national
government, requiring the integration of local and national policy-making). One problem so
far has been a lack of qualified contractors. Other problems have occurred where buildings
have limited roof space or are not south facing, but such issues can be addressed in the
future. Future revisions might address space heating as well, as the current ordinance only
covers hot water. '

Conclusion

Overall, the ordinance has shown that an enlightened attitude towards the natural
renewable energy resources of a region can achieve the goals of sustainable development, if
approached in the right way.

The inclusivity and open nature of the programme has allowed public and commercial
involvement, and kept communication flowing between parties. Stakeholders can make or
break a policy, and respecting the voices of all concerned, as well as keeping them informed,
can yield the success that both society and the environment demand.
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Congestion Charging

Introduction

One of the most pressing socio-environmental issues of our time is traffic congestion.
Unpredictable journey times, pollution, environmental damage, property damage, lost time,
lost money, stress, noise and higher CO, emissions are some of the major problems arising.
Although it is still widely quoted as costing Britain £20 million per year, that figure could be as
high as £30 million by 2010."

While Britain is often referred to as having the worst traffic congestion in Europe, it is
by no means the only country suffering from gridlock. The Texas Transportation Institute
estimated that congestion ‘wasted’ $67.5 billion dollars in seventy-five metropolitan areas
during 2000 due to fuel consumption and lost time.?2 In OECD countries alone, the cost of
gridlock to national productivity equals nearly three percent of GDP, or about $810 billion. In
Asia, the situation is even worse. In Korea, for example, the cost of congestion is now about
4.4% of GDP.®

Despite the major problems that occur as a result of motorway congestion around the
world, it is in our cities in particular that congestion is most intense and costly. As the Director
General of the 1992 Rio Earth Summit, Maurice Strong stated: “The battle to ensure that our
planet remains a hospitable and sustainable home for the human species will be won or lost
in the major urban areas”.*

While the problems increase, some solutions have been forthcoming. What began
over thirty years ago in Asia as a low-tech fix for congestion has now been reinvented in
several other cities globally, with a generally high level of success and acceptance.
Congestion charging has been spreading across continents as a means to reduce pollution,
journey times and parking space requirements, while increasing revenue for investment in
other projects such as sustainable transport schemes. This paper will look at the pioneer
scheme in Singapore, its descendents, and other innovations in urban traffic measures.

Singapore

Singaporeans were the pioneers of the congestion charge/ area scheme, also
referred to as a zone, ring, or toll cordon. In 1975, Singapore introduced a scheme that levied
a charge for the right to enter a six sq km (2.3 sq mile) restricted zone (RZ) covering the city’s
busiest central area during morning peak hours - unless the vehicle had four or more
occupants.

The system was based on a paper license displayed on the windscreen that drivers
could buy for S$3 (about US$1) a day or S$60 (about US$20) per month. Observers at 22
roads leading into the central area enforced the scheme by noting the plate numbers of
violators. The Singapore scheme reduced total peak period traffic by 45% and the number of
cars by 70%. Average speeds in the charging zone increased from 18 kph to 35 kph (11 mph
to 21 mph). The scheme well exceeded its initial goal of a 25-30 % reduction in traffic.

In April 1998, Singapore converted its pricing to a per-trip or pay-as-you-use
arrangement, with a gantry-based electronic setup, called an Electronic Road Pricing (ERP)
system. It also began tolling major expressways with the Road Pricing Scheme (RPS). In
September 1999, ERP was extended to arterial roads beyond the RZ.°

The scheme uses a short-range radio communication system to deduct ERP charges
from CashCards, which are inserted in the In-vehicle Units (IUs) before each journey. To
discourage motorists from speeding up or slowing down to avoid higher charges, the Land
Transport Authority (LTA) has made ERP changes more gradual in the immediate run up to a
time/charge change point. The LTA reviews the traffic conditions on the expressways and
roads, where the ERP system is in operation, on a quarterly basis and during the June and
December school holidays.

All of the city’s tolls are highest in peak hours and lower or not in force off-peak.
Charges are based on usage, so those who contribute more to the congestion pay more.
Those who use the roads less frequently or who travel during non-ERP hours will pay less or
not need to pay at all.®

Graduated ERP rates have been introduced for the first five minutes of the time slot
with a higher rate. If the next period has a lower ERP rate, the new rate is introduced for the



last five minutes. This applies to cases where the change in the rate is at least $0.50,
depending on vehicle type. For car drivers, the graduated ERP rate applies where the
change in rate is at least $1. Because the graduated rate is introduced in the more expensive
band, it means overall lower ERP charges for motorists.’

The electronic system’s managers have become quite innovative in adjusting toll
rates and relativities - as frequently as three times per month. They now have a punitively
high toll for only about 30 minutes each day. What started as a somewhat crude idea to
simply reduce traffic has been turned into a sophisticated system that manages traffic for
optimum results.®

The stated aims of the scheme are: Through a pay-as you-use system, to optimise
road usage by making motorists more aware of the true cost of making a journey by car; to
encourage use of public transport or car pooling; to encourage use of alternative routes and
times of travel; to provide a smoother ride with more assured journey times for drivers who
choose to pay the charge.9

Outcomes

There has been a reduction of nearly 25,000 cars during peak times and an
increase in average traffic speed of approximately 20%. Traffic in the zone reduced by 13%
during charging periods. Total vehicles using the roads in the RZ has reduced from 270,000
to approximately 235,000. Car pooling has increased and fewer solo motorists drove in the
RZ. Many vehicle trips have shifted from peak to non-peak times. ERP has been effective in
maintaining a speed range of 45 to 65 km/h for expressways and 20 to 30 km/h for major
roads.’® Since the introduction of the scheme in 1975, traffic levels have fallen by nearly half.
The Singapore scheme also demonstrates that improvements in technology can allow more
accurate pricing. The next generation of road pricing will use global positioning satellites.
Cars fitted with on-board receivers can easily be charged via digitised onboard maps
according to time, place and distance. "

Norway

In Norway, road users are charged whenever they enter the city - a 'cordon’ system.
The purpose is to raise revenue to finance environmental and traffic-management
improvements.

Trondheim is the third largest city in Norway, with a population of 140,000. Its city
centre is approximately 1.5 km® As 50% of the traffic in the city used to be 'through traffic',
the tolls were initially introduced to fund the building of new ring roads so that the heaviest
traffic would not have to pass through the city centre. Motorists are charged entering the city
between 06:00 and 18:00 on regular working days. No tolls are charged when leaving the
city. A fully automatic 'toll ring' was introduced in 1991 and subsequently divided into sectors.
Toll rings were established earlier in Oslo and Bergen, but Trondheim's was the world's first
toll ring with automated toll collection, using 'electronic tags' (transponders). About 90% of
vehicles entering the city during rush hour use the tag.

The use of the electronic tag is strongly encouraged: it is available free and there is a
discount for using it. There are 20 charging points around Trondheim. Charges apply only
Monday to Friday (06:00-18:00) for all inbound zone border crossings. Unmanned electronic
toll booths deduct a fee from a windscreen-mounted unit each time a vehicle enters the toll
zone or passes a toll point within the zone. Limits are imposed on the number of charges that
can be made so that people living near the ring, or those who have to make frequent
crossings, do not have large bills.

Occasional users can pay by automatic coin machine or by a 'swipecard' at barriered
lanes. Toll prices go up during peak rush hours and there are two charging periods with
differing rates: 06:00-22:00 and 10:00-18:00. Heavy goods vehicles pay a double toll.
Payment is made by a deposit on account or by automatic bank account withdrawals.

Outcomes
Peak rush hour traffic has dipped by more than 10%. Some 60% of the planned

transport and environmental improvements are locally financed through the road user
charging, and the rest is financed by the state. Toll revenues have paid to improve roads and



build bypasses to cut traffic congestion. Income is also being used to give
commuters other options by upgrading public transit, building bicycle paths and walkways,
and even providing 200 free bicycles for use downtown.

It is estimated that the annual management cost of the Trondheim toll ring would be
two and a half to three times larger if all toll collection was done manually. Public opinion was
initiall¥20pposed at 72%, dropped to 48% two months after launch and reduced to 36% by
1996.

United Kingdom

In the UK during the 1990s, field trials were carried out with a view to charging tolls
on motorways - creating a revenue stream that would allow the subsequent sale of the roads
to private management companies. The Labour government elected in 1997 scrapped this
policy, but instead shifted its focus towards road pricing in cities, where the worst congestion
problems were thought to lie.

A number of UK cities, including Durham, Edinburgh, Durham, Leeds, Leicester,
Nottingham, Cambridge and Bristol looked carefully at congestion pricing and in some cases
conducted trials of electronic tolls linked to identifiers attached to car windows.

In London, there was surprise when the newly-elected Mayor, Ken Livingstone
announced his intention to introduce congestion charging in the central area by 2003. A
prominent left-winger, he was regarded as an unlikely advocate of pricing, but his view was
that all Londoners would benefit by lower pollution levels (there would be fewer cars on the
road, moving at more optimal, lower-polluting speeds), while more smoothly-flowing traffic
would make bus journeys more predictable and thus encourage more people to use the
buses.

Outcomes

Despite initial widespread opposition to the London scheme, traffic levels have been
cut significantly in the charging zone, which is to be expanded to the west of the city in 2007.
One year after the charge was introduced, there were reductions in the zone of: 18% in traffic
entering between 7am and 6.30pm; 30% in traffic delays and 10% in vans and lorries. There
were increases of: 20% in pedal and cycle movements; 10-15% in powered two-wheel
movements and 20% in taxi, bus and coach movements. The price has now risen from the
initial £5 a day to £8, with a £10 charge envisaged in the near future. The revenue, of about
£250 million each year, by law goes back into road upgrades and public-transport
improvements. '

Melbourne

The 22 km City Link Toll Road is a privately-operated, electronic toll road in the heart
of Australia's second city that fully opened in 2000. It links major routes between Melbourne
Airport, the port and industrial centres in the south-east.

Since its introduction, use has grown steadily to 650,000 customer accounts plus a
million infrequent users (as of June 2003). These numbers are expected to grow.
Transaction volumes for City Link for the year to 30 June were up 6.8%, and toll revenue was
up 12%, compared with 2002 (one transaction is passage through any toll zone). Use by the
freight industry has been particularly heavy.

The stated aims of the scheme were to improve: traffic movement around the central
administrative district (CAD); vehicle access to the CAD and many facilities within inner-city
Melbourne; access for freight movements for manufacturing industry and primary producers
to the port, rail facilities and the airport; the environment in adjacent areas.

City Toll operates a fully electronic, cashless tolling system without toll stations or
barriers. The system allows motorists to travel the entire route without stopping or slowing to
pay tolls. Pre-paid e-tags fixed to the windscreen are read from overhead gantries. Toll
statements are mailed quarterly and accounts must be topped up when balance falls below a
certain level. It uses automatic vehicle identification technology (similar to London). Drivers
without e-tags who fail to pay by noon next day have their registration number sent to the
traffic camera office with a digital image of the vehicle. Offenders are fined a flat fee of $100.
99.9% of vehicles are captured electronically.



Outcomes

Congestion has been reduced in north and west Melbourne; pollution has been cut
and safer conditions obtain on local streets. In 2001, a Royal Automobile Club of Victoria
(RACV) study reported major improvements to journey times across the road network served
by the City link Toll Road. Reduced journey times were calculated to save a typical commuter
(10 peak period trips a week) between 2.8 and 3.25 litres of fuel a week. 89% of motorists
surveyed said that City Link saved them time and 86% indicated that the toll road made
getting around the city easier.”

Stockholm

Congestion charging to cut traffic and pollution has this year come into effect in the
Swedish capital, Stockholm. For a seven-month trial period, drivers entering or exiting the
city during the daytime will be charged between 10 ($1.30) and 20 kronor each time. The toll
will remain in place until 31 July. City residents will then decide in a 17 September
referendum whether to keep the charge.

Traffic appeared to be running smoothly on the first day of the scheme, with the city
government saying traffic was down 16% within a week. One of the most forceful backers of
the scheme is the Green Party, which insisted on its introduction in exchange for supporting
the minority Social Democrat government. Critics say it is too expensive and that low-income
commuters from the suburbs will be hardest hit.

Taxis, motorcycles, private cars run on environmentally friendly fuels, and cars with
foreign or diplomatic license plates are exempt from the charge, which will come into effect on
weekdays between 06:30 and 18:29. Drivers will pay up to 20 kronor each time they enter or
exit the city, depending on the time of day, with a maximum daily charge of 60 kronor. The
revenue is also earmarked for investment in public transport. Extra buses and subway trains
have been put in service to cope with the expected additional demand.

The aim is to reduce traffic by 10-15% in the city, which stretches across 14 islands.
Despite having only 760,000 inhabitants, Stockholm regularly falls prey to large traffic jams -
an estimated half a million cars are thought to take to the roads every day.15

The Four Stages of Road User Pricing

Road user charging developments can be categorized in several distinct stages and
according to different principles:

e The corridor approach. Traditional revenue-generating single road toll schemes were
first used in Roman times and, until relatively recently, have remained the main form
of road charging. Today’s electronic tolling technologies allow conventional toll roads
and new HOT (high-occupancy tolling) lanes to play a broader role in congestion
management.

e The area scheme. Typically applied to urban congestion charging schemes, this
refers to charging users to drive in an area that has a closely integrated road system.

o National and transnational systems. Here, the charged area extends to a wider road
network, rather than just an individual zone. To date, nearly all of the road user
pricing schemes that have reached this stage involve heavy goods vehicles (trucks)
and vary from major highways to the inclusion of all roads. Austria, France,
Germany, Switzerland, and the United Kingdom all have or plan to have road user
pricing nationwide for trucks.

o Integration. This will be a future stage in which customers make informed choices at
every step of the journey across transport modes. The road user charge is meant to
provide an incentive for the customer to make the most efficient transport choice.
Advanced transportation technologies play an important role in making this stage
possible.'®



Conclusion

It is clear that congestion charging schemes have been broadly successful in their
aims, and have, for the most part, found acceptance over time, despite initial fears of change
and expense. The more adaptable the scheme is, the more successful it has become. It
appears that flexible, reactive pricing is key to making the system work for all, balancing
usage with pricing.

The basic principle that arose in Singapore over three decades ago has now spread
and begun to gather some momentum, as cities across the world face up to the harsh realities
imposed by their ever-growing national fleet. Road building capacity is limited by competition
over land for housing, commerce and industry in Europe especially, and with a booming
global population, land for roads is also competing with the remaining fertile agricultural land.

Decisions must be made over land-use priorities. We have a finite space for
agriculture, commerce, real estate, roads, leisure and so on. Creating schemes which
address this issue by introducing financial incentives or disincentives has so far proven to be
the only way of achieving concrete traffic reductions.
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Urban Transport Solutions — Bogota’s TransMilenio

Introduction

Emissions from the transport sector represent the fastest growing source of global
greenhouse gas emissions." Developing nations throughout Latin America, Africa and Asia
are rapidly adding enormous numbers of vehicles and people to their cities, putting pressure
on local and national governments to find sustainable solutions to the needs of urban
populations.

While developed nations engage in the transfer of low-carbon technologies to
developing countries, in some cases excellent initiatives are flowing in the opposite direction.
In Bogota, Colombia, urban public transport has been revived via the Bus Rapid Transit
system (BRT), or TransMilenio, which has circumvented the need for an expensive
underground metro system, and could even provide a model for growing cities in the
developed world. The need is certainly there; as of 2000, Bogota, a city of seven million
people, was the fifth most polluted city in Latin America, where cars account for 70% of all air
pollution: producing 700 tonnes of carbonic gas, 57 tons of hydrocarbons, 24 tons of nitrogen
oxide and two tons of sulphuric monoxide every day.2

This review will look at the TransMilenio system in Bogota, the other transport policies
that augment it, and its success in reducing pollution and congestion in the city. With 75% of
the population residing in cities, Latin America is one of the most urbanised regions of the
world, and a study of any successful transport systems there should prove instructive for
those facing similar levels of urbanisation in the future.

Vision for the city

“We want a city with more public space for children than for motor vehicles; a high
population density and relatively short travel distances; people in public spaces; autonomy
and freedom of movement for the children and the elderly; very low levels of noise and air
pollution; small children walking out of home to the safety of pedestrian streets; homes with
nearby stores, restaurants, movies and cultural activities; abundant parks, pedestrian streets,
wide sidewalks, bicycle paths.”

— The Master Plan for Bogota

Background

The story of Bogota’s TransMilenio begins in many ways with another Latin American
city - Curitiba, Brazil. About 40 years ago, the authorities in Curitiba opted for a new master
plan for the city. This plan defined five new arterial roads as key routes for the city to grow
along, and suggested a BRT system as the chief mode of public transport. New z