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1. Background

Thermalnet is a closely integrated cluster of thre®vorks on thermal processing of
biomass for fuels and electricity. This includesnbustion, gasification and pyrolysis,
with a common focus of providing support for maapid and more effective
implementation of all the technologies in the magace by addressing technical, non-
technical and commercialisation issues. This ecated via a matrix of three
technologies and eleven tasks. The task on bsuisded by the University of
Manchester The Tyndall Centre at the Universitivlahchester.

Workshops, meetings and reviews undertaken aptre barriers task identified policy
as a key barrier to European bioenergy implememtatOn this basis a work plan was
developed; the objectives of which include undewditag better the role energy policy
can play in increasing bioenergy deployment antintgations, what policy instruments
are available for this and what the current obstatd this are.

The work described in this report makes a key doution to these objectives. It carries
out a comparative evaluation of bioenergy poliayr{ent and historic) in a small number
of representative countries in Europe (UK, Germétayy and Sweden) analysing

* What types of policy instruments had been usedah €ountry

* How successful these had been at stimulating brggraevelopment by
looking at the evidence base in each country of hamy and what type
of projects were actually initiated

* Any unexpected/unwanted impacts of certain polnsgruments
* The reasons why certain instruments had not besressful

* The reasons why successful policy instruments legt Isuccessful in
particular circumstances and to identify any lessbiat can be learned
from this eg. Under what circumstances/market doonts/state of
technology development might a particular instrutiEnexpected to
work well and under what circumstances might ittiaiachieve its
objectives

Specific recommendations are made based on thesssent, which will be
disseminated further as part of the task work plan.



2. Executive Summary

Historical evidence relating to the implementatadipolicy instruments intended to
expand bioenergy in four European member statebdws gathered. The resulting data
has been analysed to establish how instrumentaypaterventions have been in the
development of the national bioenergy industri€suntry specific factors, policy
context and other related issues have been evdluat®njunction with representatives
from each country in order to better understandeasons for policy successes and
failures. General findings and recommendation®lmeen extracted from this as

follows:

Continuity of policy instruments is critical in sugrting any bioenergy
industry.

Policy instruments should be used to specificaligg investment in the
country’s preferred form(s) of bioenergy, i.e. éleity, CHP and/ or co-
firing.

Fixed prices are a prime way to kick-start a biogpéndustry. To sustain
activity, premiums for bioenergy need to be suéitly generous to take
account of capital and fuel supply costs.

Investment subsidies can help a bioenergy industitg initial stages and
temporarily reduce costs, but will not generallyaadt long term
investment.

However, for countries lacking in biomass fuel dyppvestment
subsidies are an important means to encourageugpod the growth of
biomass.

Trading certificates generate investment in biogpenowever the degree
of investment will depend on the obligation and i weighted to
specifically favour bioenergy.

Taxation has a degree of effectiveness, but gdpésadbest used alongside
another stronger mechanism.

For taxation alone to be effective it needs tote laigh level, increased
incrementally and long term.



3. Introduction

The European Union has ratified the Kyoto Prot@sw set out ambitious targets
concerning climate change. As part of this comnaitirall major European states have
devised a renewable energy programme, since th@s 3®eing alternative sources of
energy as a key way to greatly reduce carbon eomdsvels. In seeking alternative
sources of energy, the potential of bioenergy leehtacknowledged and plans to thus
unlock this potential have been developed EU-whttavever, commercialising a new
form of energy can be challenging since it ofterolaes the creation of a new industry,
new power plants and grid connection work. In otdeznsure successful creation or
development of an industry as complex as bioengm@yernments must offer sufficient
incentives to attract developers and sustain daroaatinterest in this industry.

Governments use policy instruments as a way toegtind market and arouse investment
in an emerging industry. In this particular casdiqy instruments are used as an attempt
to address the negative consequences of industtiglty such as pollution and
excessive carbon dioxide emissions. Instrumentgvathanisms can be put into place to
steer investment towards more environmentally éfgnactivity, and deter development
away from activity that produces pollution and harnemissions. In order to activate

and sustain a bioenergy industry in countries whate little experience with this type

of electricity source, a range of instruments aeded to ensure that both government
and the private sector invest in this industry. Monportantly, the development of this
industry needs to be successful and long lastRaicy instruments must take account of
this and thus aim to promote a long term interestrag developers and suppliers of
electricity.

Often, policy instruments are successful and aasstuntry in meeting its renewable
energy carbon reduction targets. Sometimes, howthesupport provided by
governments is insufficient and does not advandedumstry. In light of the current
challenging targets, it is extremely important thavernments orchestrate an effective
system of policy instruments. For those countriggitming to devise a bioenergy
industry, it may be helpful to consider the sucagsmilures of other countries and
analyse which policy instruments have proven tefbective. By doing this, they will be
able to activate a strong and long lasting biognardustry.

This study analyses the effectiveness of policyrimsents in their ability to promote
bioenergy. In order to do this, four European coastwill be selected and their policy
instruments examined, with the aim of eventuallgatoding which instruments seem to
be the most effective.



4. Biomass Utilisation Issues

Bioenergy is different to other forms of renewabtergy for several reasons, which may
affect the applicability and effectiveness of diéfiet policy instruments. The key issues
that relate specifically to bioenergy are therefaudined below.

4.1 Resource limitations

The major difference between bioenergy and otheswable sources of energy is that
biomass isi1ot a free resource. Unlike wind and solar energy tvimeolve exploiting a
free and natural resource, bioenergy is derivech filte combustion of organic matter.
However, this organic matter does not come freety/the Earth does not hold an infinite
supply. In contrast to other forms of energy whaen only has to retrieve and
redistribute a natural resource, biomass is humedueed, and thus we are responsible
for its growth and development, and of courseatseval for exploitation for energy.

Biomass matter that can be used to create bioemargipe found in a range of sources.
Firstly, agricultural or forestry residues can Isedito power a bioenergy plant, this
would include wood and wood residues, and any aljuial waste. Other waste products
can be used as biomass material, such as animed aad there are energy crops that are
grown particularly for the purpose of creating gyeincluding miscanthus and short
rotation coppice.

4.2 The biomass chain

Biomass is unlike other renewable sources of enleegause man must ensure the
growth of organic material to fuel the power plakiso the supply of biomass fuel must
be continuous so that the power plant may be cotigaowered. An important
bioenergy policy objective is therefore to ensur@dequately functioning supply chain.

Governments promoting biomass must ensure thatgbnswpport is given at plant level,
i.e. that extensive capital costs for plant inatédn are aided, but further, support must
be allocated to the fuel supply chain to ensuretti@quality and quantity of biomass
material meets demand.

4.3 Electricity and heat potential

A further complication to biomass that makes itqua from other sources of renewable
energy is the way in which it holds the potenttabe used for electricity or heat or a
combination of both via combined heat and powerREHThis must be addressed by
governments aiming to exploit the potential of bems. Policy measures are further
complicated since governments must provide effeatieasures to promote not only
electricity but the heat potential offered by bi@sa



4.4 Potential for biomass transportation fuels

Policy instruments are extended yet again whenconsiders that biomass can also
provide transport fuels. Thus, as well as suppottire development of a fuel supply and
ensuring operating costs are aided, government alsstake account of the electricity,
heat and also transportation uses fuelled by bisnRdicies must take into account that
current transport fuels are established, internatlg traded commodities with a
substantial supporting infrastructure in place.



5. Policy Instruments

This section will look at why society needs econopulicy instruments and what they
are trying to achieve. The different types of ppinstruments that governments can use
to exploit the potential of bioenergy will then discussed.

5.1 The importance of policy instruments

Governments can employ policy instruments as aaf@yomoting bioenergy in the
electricity, heat or transport sectors. Bioenegggromoted for its renewable qualities
and the fact that it does not cause any increaa@mospheric carbon emissions.
Bioenergy is described as carbon neutral becauseaahon emissions emitted in the
combustion of biomass material have recently béksetoby the growth of this material,
whereby carbon dioxide was absorbed.

Despite the advantages of bioenergy, industries paaviously favoured fossil fuels
which have been found to be easier to exploit. Hanethe combustion of fossil fuels
for heat and electricity bring about externalitieshe environment. Externalities occur
when we have too much or too little of something production or consumption
decisions directly affect a third party, such ayted air from a chemical factory or
congestion from a stadium (Griffiths, 1996, p.45&3ternalities denote an imbalance
between private costs and social costs, i.e. tbialstosts of the damage resulting from
the private activity are not offset by equivalential benefits.

Often when externalities affect society, governmemtervene and endeavour to guide
firms’ behaviour. Policy instruments are thus idimoed by governments as a means of
ensuring that firms and industry address theiradagists, and attempt to reduce the
externalities that they bring to society. In theodicity industry policy instruments may
encourage firms to switch their supply to renewabéetricity, which does not induce
carbon dioxide emissions into the atmosphere,, thestes no externalities to society.
Policy instruments can ensure that externalitiessaadicated or lowered by two ways;
firstly, electricity suppliers eradicate externalt by turning to renewable sources, and
secondly, by imposing a penalty on firms that dibupe so that social costs are addressed
as the cumulated penalty is often put towardsfgeéetj pollution.

5.2 Types of policy instrument

The aim of national environmental policies is uBued change people’s (or corporate
institutes’) behaviour. Generally this will happenly if

» People/companies are persuaded to change thewvibehaf their own accord
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* The change is enforced by a law or rules
* People/companies perceive an economic advantagaking the change

The first of these possibilities relies on persngdiompanies or individuals to act
voluntarily for the good of society as a whole.isTimay, for example, be achieved via
information provision and propaganda campaignsesé€lare important components in
achieving social change, but using them alone temtfiave limited success where there
is a significant economic cost attached to thedwihat is being advocated. Therefore
for renewable energy implementation at the preSera they will generally play a
supporting role alongside policy instruments desito regulate or economically
incentivise change. These instruments can eitinelehinvestment in a certain activity,
or conversely, stimulate development and investragahother activity. The main
instruments that have been put in place by goventsrieU-wide are discussed below:-

5.2.1 Deregulation

Deregulation entails the opening up of markets weae previously closed and regulated,
these are normally markets that were formerly aapoty e.g. a state-owned company
that dominated the market. In deregulating the etadovernments allow other
developers and suppliers of electricity to enterrtiarket and offer a wider choice of
sources of electricity (for example, renewable teleity). The aim of deregulation is to
induce competition into the market, which, in tunil] provide scope for investment in
renewable electricity and may also reduce the miadectricity for consumers.

5.2.2 Regulation

Environmental regulation is the implementationa lor directives which aim to remove
externalities. In order to address externalitia$ promote a cleaner environment,
governments can introduce laws to prevent or rethueenaltreatment of the
environment and encourage more sustainable behaWoile case of renewable energy,
governments may use regulation to ensure thatreligg{producers are ensuring that a
share of electricity is derived from a renewablerse of energy, which will in turn
reduce externalities to society.

5.2.3 Fixed Prices for Renewable Energy

Governments also have the choice of introducingdigrices for renewable energy. This
ensures that suppliers or developers of electrargyrewarded for their renewable energy
and are guaranteed a fixed price for a given nurabgears. Normally, this fixed price
(also known as a feed-in tariff, or a fixed prigemium) is higher than the prices paid for
conventional fossil fuel electricity. In order topplement producers and suppliers of
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renewable electricity, governments often use tinelftamassed from taxation on the
generation of fossil fuel electricity.

5.2.4 Taxation of Environmental Damages

Environmental tax generally signifies a regulatechsharged against a polluting
activity, such as the use of petrol, or in thisegagdectricity produced from a fossil fuel
source. In an environmental context, taxes are tseginove externalities from the
market. Taxation is often employed as a punishnterdiscourage a polluting activity, in
the hope of encouraging its replacement with sasneile one.

In practice a carbon tax is used to tax the cadmmtent of fossil fuels. (Griffiths, 1996,
p. 491-3) In the case of renewable energies; tagesl as a way of addressing the social
costs of global warming, by taxing energy from fb&sgels (which emits carbon dioxide)
firms are inclined to take up renewable projectscWiwill in turn alleviate society from
the externality of carbon pollution.

Figure 5.1 below explains how a tax works and haeraect tax level can ensure that
damage to society is reduced.

Figure 5.1(source: Brogan, 2006)

Marginal Cost
of Abaterment

marginal cost of abaterment
fee
fee
Dptin‘lal TEX ............................. fee,

marginal cost abate

(:) * B
Quantity of Pollution Emitted

The red line shows the cost of pollution, i.e. $beial cost, and the green line shows the
cost to clean up this pollution, i.e. the costlohtement. Suppose that a government
decides it wishes to reduce carbon dioxide emisdiamm fossil fuel consumption and
induce a change in industry practice by introdu@ngarbon dioxide tax. If the tax is set
at A on the x-axis, it would cost companies moreettuce its carbon dioxide emissions

12



than it would to pay the tax because the tax levigwer than the cost of abating the
pollution they create; so they will pay the tax aoatinue to pollute. By increasing the
level of tax to point B on the graph it costs lesactually reduce the pollution than it
does to pay the tax, so the companies would pretiatly reduce their pollution levels.
Figure 5.1 shows that tlsifficient tax would be at Q*, because it is here that the
marginal cost of abatement equals the cost of gayie tax, thus firms are incentivised
to pay for abatement measures which will reducerttpacts on society. Aideal tax
would equate to the size of the marginal damagke@nvironment, in other words the
tax would equal the social cost.

Taxes can be used to punish polluters, howeverneitbwable electricity they are often
used as rewards, so that producers of renewaldtriely benefit from tax exemption,
which makes them a more attractive option thanilféssls which face a tax.

5.2.5 Green Certificates

Governments can also use the market in conjunetitiman obligation or regulation.

This would typically require that energy supplistgpply a given percentage of their
electricity from a renewable source and for evary of electricity they produce they are
awarded a green certificate. By law, they must enthey have a sufficient number of
certificates corresponding to the required pergmtd renewables. This mechanism
takes into account that some suppliers will noable to finance investment in alternative
forms of energy, thus they are able to buy cediéis from other companies who have
succeeded in doing so. A market of certificatedbus created, and suppliers may trade
their certificates to gain a higher price from thegho have not succeeded. The detail of
these schemes varies across countries e.g. thgrber@ice controls for the certificates
or a penalty may be payable for deficits, which raayecovered by central government
or recycled back to certificate holders.

5.2.6 Investment Subsidies

Governments can opt to use grants as a meansrfiating uptake of a certain activity.
Grants are subsidies that are made availablernts fito compensate them for their costs
in developing a renewables project. This finank&lp towards the initial capital outlay
serves as a great cost advantage, as it instamiiers the project more economical for
the developer. As previously mentioned, bioenesgynique in the way that it often
requires financial aid to support the growth ofrbass material such as energy crops.
Thus in the case of bioenergy, grants can be awdaleapital costs and also for fuel
supply costs.
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5.3 Choice of policy

Governments have a large choice regarding polisyuments that they can implement in
order to eliminate externalities; in this case,uke of fossil fuels by switching to
bioenergy. Some instruments are very straightfaiveaud simply provide help with
capital costs and the growth of biomass fuel, &g by reducing the costs of bioenergy
projects make render them more accessible. Otsguments are more complex, and
depend on the creation of a market to bring abdeititading of green certificates earned
from employing bioenergy, which in turn stimulaggswth in the uptake of bioenergy
projects as the market for certificates evolve.

It is important to remember, however, that eachhtgumust chose a system of policy
instruments that best fits its objectives. Eacttguwill differ in their goals and targets,
and thus the type of instruments used and raté@twihey are implemented will vary
according to the urgency of their targets. Furtiee, the status of bioenergy differs in
every country. Some countries have a long fordsaidition, so the emphasis will be on
supporting new conversion plants rather than fuedlpction or supply. . For other
countries, bioenergy is relatively undeveloped atention may need to be paid to
developing particular resource bases, supply clainsrastructure, depending on policy
objectives. It is essential therefore that polimstiuments are chosen and adapted to suit
the natural resources, level of experience andifsp&rgets and goals.

While the impact of a particular instrument will beuntry-specific it is nevertheless
useful to examine the effect that policy instrunsdmive had in some European countries
to date to establish what general inferences mairdoen that can inform future policy
formulation elsewhere.

5.4 Country Factors

This study will therefore analyse bioenergy polityacts in four European countries,
and in particular how successful they have beecaelerating development in
bioenergy. The countries are

1.Germany

2. ltaly

3.Sweden
4.United Kingdom

These were chosen to reflect a diverse range okinés and states of development.
Some have a long history of successful implemesratvhile others are at a much earlier
stage of development and each have different natsaurce bases and biomass markets
and each has utilised a range of different polsgruments.

14



6. Germany

6.1 Germany'’s Electricity Production

The German electricity market relies on a rangenargy sources. Coal is responsible for
a strong share of electricity production, whilstiear power is also very significant,
followed by gas. Hydropower is the next most imanttsource of electricity in Germany
followed by a mixture of other renewable energiepleyed. Of the other renewables,
biomass and wind power are prominent and are emgagtrong and steady growth.

6.2 Germany’s Biomass Penetration

Biomass is used in Germany largely for heat pradocbut also electricity and
transport. Combined Heat and Power (CHP) plan@Gammany tend to utilize waste
wood, industrial wood and wood residues, while wadnich exists as a result of
Germany’s extensive forestry industry tends to $edufor heating. Anaerobic digestion
is also commonly used with manure and other biorizdt@ the generation of electricity
(Kerckow, 2004, p.3).

6.3 Germany'’s Electricity Market

The liberalisation of Germany’s electricity markaime about in 1998 after the German
Electricity Act was passed. This act broke up #gutated monopoly and introduced
competition in generation and trading, wideningicban the retail and wholesale level
(Stecker, 2001, p.1). The liberalisation of thec&leity market triggered a number of
mergers between electricity suppliers, with fowvlyemerged suppliers owning most of
the electricity transmission network and about &ff%jeneration capacity. The
remaining 20% was reserved to plants for whichtat@ty was a by-product, such as
combined heat and power plants or renewable eneinggh enjoyed guaranteed
preferential access to the grid (OECD, 2006, p&ntany’s electricity market, unlike
many European counterparts, has no independeriategurhe market is self-regulated
by a system of laws. In 2001, there were six trassion systems operators and several
hundred distribution network (grid) operators.
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6.4 Policy Instruments to date

1991 Fixed Prices

1992-2002 Investment Subsidies

1998 Amendment to Fixed Prices
1999 Eco Tax Reform

2000 Fixed Prices revised

2002 Fixed Prices regulation extended
2004 Fixed Prices regulation revised

6.4.1 Fixed Prices: 1991

Fixed prices for renewable electricity were introed under the Electricity Feed-in Law
in January 1991 which was also known as the Strommpgisungs-Gesetz (StreG). The
law worked as follows; utilities were obliged toybelectricity from renewable energy
producers, who were guaranteed a fixed price ®ethctricity. The tariff was set as a
percentage of the average utility electricity rdtesconsumers. These tariffs were fixed
by the regulatory authority, and lasted for a pbdone year and were then modified,
always based on the average utility revenue per kW This law obliged utilities to
buy electricity from producers using renewable sesrand guaranteed a fixed price in
combination with a digressive price element. Thigftaas set as a percentage of the
average utility electricity rates for consumers:

*  90% for wind and solar power
* 80% for biomass, hydropower, sewage and landfdligatallations <0.5 MW
* 65% for hydropower, sewage and landfill gas plavth a capacity between
0.5 MW and 5 MW
Table 6.1 shows the price in euros that was fixeeach type of renewable energy;
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Table 6.1
Feed-in tariffs for electricity under the Strom-Einspeisungs-Gesetz

Technology Price [ct/kwh]
Photovoltaic Between 8.2 and 8.8
Wind Between 8.2 and 8.8
Biomass < 0.5 MW Between 7.05 and 7.85
Biomass between 0.5 MW and 5 MW Between 5.95 and 6.38
Hydropower < 0.5 MW Between 7.05 and 7.85
Hydropower between 0.5 and 5 MW Between 5.95 and 6.38

Source of data: Energy research Centre of the Netherlands P.O. Box 1, 1755 ZG Petten, The
Netherlands

6.4.2 Amendment to Fixed Prices: 1998

In 1998 an amendment to the feed-in-law saw thediiction a ‘hardship cap’ (Sijm,
2002, p.7) or ‘cap’ of five per cent on the purahasligation of the utilities. The cap
dictated that if the amount of renewable energylpased by a utility surpassed 5% of its
total energy in one calendar year, then the upstistem operator must reimburse the
costs of purchasing additional renewable elecyriaittil it also reached the 5% ceiling in
its grid territory. This amendment implied that bag the 5% mark, the utility was no
longer obliged to purchase renewable electricifgref to the grid.

6.4.3 Investment Subsidies: 1992-2002

The Ministry of Economics and Technology are resjale for allocating grants to
support investment in renewable energy. A largéesyof grant allocation was
conducted under the Market Incentive Programme ft06P.

A total of 1341 projects with grants amounting touand DM 19 million and an
investment volume of around DM 45 million in thiga were sponsored from 1995 to
1997.

Then between 1999 and 2002 the Ministry of Econeraitd Technology awarded
further grants to a range of renewable energyliatitan developments (excluding
photovoltaics and wind projects). Initially an aahbudget of 100 million euros was
allocated over 5 years. This sum represents tihmagsid additional tax revenue that
comes from renewable energy sources. The schenstritaates the tax from renewable
energy to allow individuals, and Small-Medium epteges to apply for grants and soft
loans for a range of renewable energy technologg.|&vel of support ranges from 10-
30% of investment costs, and can support biomassrda@and biomass fuelled CHP
plants. Available funding increased each yearhabin 2000 102 million euros was
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available, in 2001 153 million euros, and in 200D Aillion euros. Grants totaled 203
million euros in 2003.

6.4.4 Eco-Tax Reform: 1999

In 1999 taxes on gasoline, diesel, natural gadigud gas were increased. This reform
also saw the introduction of a special tax on elaty, introduced at 0.0102 euros per
kWh. Electricity from renewable sources does nogatly benefit from this tax because
all forms of energy are taxed irrespective of §pgetof fuel utilised. However, revenues
raised from taxes on renewable energy are put tisvaie Market Incentive Programme,
described in 6.4.3. There were some exceptiongetteixation, such as those for energy-
intensive industries, commuters and low-income bBbakls who were given reduced tax
levels and compensation.

The first stage of the reform increased the tathemabove fuels by the following rates;
tax on gasoline and diesel was increased by 0.68% per litre, and by 0.0205 euros
per litre for heating oil, and by 0.00164 per kWmatural gas, and by 0.01278 per kg of
liquid gas. The second stage of the reform wasdhited in late 1999. The second stage
proposed that the tax rate increase annually 807.@uros per litre, and by 0.0026 kWh
for the following four years.

6.4.5 Fixed Prices Revised: 2000

In the year 2000 the fixed pricing system for reabl®@ electricity was revised and as a
consequence the Electricity law was replaced byghewable energy sources act &n 1
April under the new Renewable Energy Law (REL) knas the Erneuerbare-Energien-
Gesetz. Under this law, the network operators hliged to purchase renewable
electricity paid at fixed prices for 20 years. Theasts are covered by the additional fee
which all consumers pay. The tariffs decline oveedod of time as Germany wishes to
bring the costs of renewable generation in lindnwhiat of conventional methods in the
medium to long term.

The Renewable Energy Law came into effect on th#efil 2000, and targeted a number
of renewable energy sources including wind, phdtaies, geothermal, small hydro,
offshore wind power, gas from mines and certaim®of biomass plant such as those up
to 20MWe.

With the introduction of this law, it was no longée utilities that were required to pay
the feed-in tariffs, but instead the grid operatdise utilities were still required to take
off the electricity produced from renewable enesgurces. The grid operator closest to
the installation of the renewable energy planetpuired to pay the tariffs. The tariffs are
only paid to the generators within the territosabpe of the Act, or within Germany’s
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exclusive economic zone. In order to allow renewadrlergy producers access to the
grid, the grid operators may in fact be requiredpggrade their network at their own
expense. The premium paid by the grid operatorslmeagompensated partly by the
consumers, to whom they could charge a higher price

The main differences between the REL and its preskar the Stre G was that the price
was no longer based on average consumer pricesggneration costs of various
renewable energy sources. Furthermore, the REL-fe€driffs could also apply to
biomass plants up to 20MWe, as well as renewablgraity generated by utilities,
unless the federal government or the Lander goventsrowned a quarter of the utility’s
shares. Also, the tariffs were digressive; theylaneer as the installed capacity is larger.
Table 6.2 outlines the premiums paid to each typerewable energy.

Table 6.2

Feed-in tariffs for electricity under the REL

Technology Price 2001 Price 2002
[ct/kwWh] [ct/kwWh]

Photovoltaic 50.62 48.1

Onshore Wind 9.1 for first 5 years, 9 for first 5 years, 6.17
6.17 for following for following years
years

Offshore Wind Turbines before 2006 Turbines before 2006
9.1 for first 9 years, for first 9 years, 6.17
6.17 for following for following years
years

Biomass < 0.5 MW 10.23 10.10

Biomass between 0.5 MW and 9.2 9.1

5 MW

Biomass > 5 MW 8.69 8.6

Hydropower < 5 MW 7.67 7.67

Gas from Landfills, Mines, 7.67

Sewage Treatment plants
Source of data: Energy research Centre of the Nattds , P.O. Box 1, 1755 ZG Petten,

The REL brought about the removal of the 5% ca Girden of the feed-in payments
are thus shared equally among all grid companiesrdimng to their amount of delivered
electricity, so as to eliminate many cost distorsio

6.4.6 Fixed Prices extended: 2002

The fixed pricing mechanism was extended undewariroduced in 2002. The
Combined Heat and Power Law regards electricityteat plants and aims to promote
large CHP plants, that were previously affectedi®greasing electricity prices brought
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about by the liberalisation of the electricity meirkThis law requires grid operators to
purchase electricity from CHP plants and pay a jpuenprice on top of the market price.
This law applies only to renewable energy technefgot covered by the Renewable
Energy Sources Act (EEG), thus including co-firofgoiomass and biomass-fired CHP
plants with a capacity above 20 MW. The premiumd paCHP plants are outlined in
Table 6.3.

Table 6.3: Premiums paid to CHP Plants in Germany

Combined Heat and Power Law (KWK Modernisierungsgesetz)

Evolution of Premiums for CHP Plants
(€ cents per kKWh)

2002 2003 2004 2005 2006 2007 2008 | 2009 2010
Flants erected before 31 Dec 89 1.53 1.532 1.38 1.28 0.97
Flants erected after 31 Dec 1989 1.53 1.52 1.38 1.28 1.23 1.23 0.82 0.56 -
Modernised plants 1.74 1.74 1.74 1.68 1.69 1.64 1.64 1.59 1.59
Flants erected after 1 April 2002 256 2.56 2.4 2.4 2.25 2.25 210 210 1.94
Flants = 50 kKWe erected between 5 ~r 10 vears aftar commissioni
1 April 02 and 31 Dec 2005 5.11 for 10 years after commissioning
Fuel cell plants 5.11 for 10 years after commissioning

Source of data: International Energy Agency

6.4.7 Fixed Prices revised: 2004

The fixed pricing mechanism was replaced agaiuip 3004, when the Renewable
Energy Sources Act was introduced, replacing theeR@ble Energy Sources Act of
2000. This law states that the grid operators bliged to give grid access to renewable
energy plants, and they must also purchase theielgcat premium prices. The tariffs
are set for each type of technology based on ge#ieration costs. Bioenergy plants
receive a fixed remuneration level over 20 yeargg8&s and biomass plants receive a
higher tariff if they utilise energy crops rathkah residues. Concerning new
installations, the premium is reduced annuallyrtsuee that the plant seeks cost
reductions and higher efficiency. The tariffs abmiass-fuelled plants regress by 1.5%
each year. This new law also states that plantabqer are responsible for grid
connection costs, but and also must bear the ¢gstcoenforcement if necessary.
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6.5 Biomass Penetration in Germany
Table 6.4:Electricity Generation from RES in Germany in GWh

In GWh 1999 2000 2001 2002 2003 2004 2003//04
Wood, Wood waste 632 804 639 543 2775 3900 40.50%
Municipal Waste 3479 3688 3718 3898 4324 4232 -2410
Biogas 949 1683 2077 3247 2968 3264 10.00%
Biomass Total 5060 6175 6434 7688 10067 11396 1%.20
Source of data: Eurostat, 2006 data
Table 6.5:Electrical Capacities of RESin MW for Germany (Eurostat, 2006 data)
in MW 1990 1995 | 1999 2000, 2001 200 2003 20p4 2003/
Wood, Wood waste| 0O 79 103 157 190 285 500 81( 62.0%
Municipal Waste 550 509 555 585 585 585 585 585 9.0
Biogas 229 229 321 345 560 580 599 654 9.2%
Biomass Total 779 817 979 1087 133% 1450 1684 20491.7%

Source of data: Eurostat, 2006 data except for 20fiftl/wood waste data - from
“EUBIONET Biomass Survey in Europe, Country repafrGermany, Nuse Lack, 2002”

6.6 Analysis of Policy Instruments and Biomass Pene

tration

Tables 6.4 and 6.5 outline the development of thmass industry since 1990. These
statistics will be analysed with regards to thelangentation of policy instruments to

judge the impact of the market incentives.

6.6.1 Impact of Fixed Prices

The initial introduction of fixed prices for renella energy in 1991 obliged utilities to
buy electricity from producers of renewable eneagg premium price. This had some
effect on wood and wood waste installations, hgttked by the increase from O

installations in 1999 to 79MW in 1995 in Table.6By contrast municipal waste and
biogas installations did not increase following ylear 1991 to 1995 because premiums
were not paid to the production of electricity upimaste or biogas.

Therefore the fixed premium prices paid for biomiasgallations under the Electricity
Feed-In Law did help bring about activity in bioradgom wood and wood wastes. This

policy instrument seems to have sustained growtharindustry up until its abolition in

the year 2000, but at a slower growth rate durteglatter part of the 1990’s.
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It is important to note however that at the sammetother sectors of Germany’s
renewables industry were growing much faster, ¥ameple wind capacity increased
from almost nothing in 1990 to 2,875 MW in 1998.
(http://www.crest.org/repp_pubs/articles/issuebr3@&érman.htm

This was partly due to the fact that wind poweereed 90% of the average utility rate
for consumers, and biomass producers received@i8ly, and 65% for biogas. Also,
Germany has successfully implemented large-scal®dstration programmes for wind
(the 250 MW wind programme) and photovoltaics @B8,000 roofs programme), while
programmes for biomass have had more modest taagdtievels of support.

6.6.2 Impact of Eco-Tax Reform

The eco-tax reform of 1999 increased the tax octedgy and proposed substantial
annual increases for the following four years. sTdid not especially benefit biomass
installations as they were also taxed and so willhave contributed to the growth of the
industry. However, the proceeds from the tax wesedd to fund the Market Incentives
Programme, the impact of which is discussed ir36.6.

6.6.3 Impact of Investment Subsidies

Investment subsidies were available for biomas®utite market incentive programme
from 1992 and the further funding from 1999-2002aaesult of the eco-tax reform
discussed in 6.6.2. Table 6.5 shows initial groimthiomass capacity between 1990 and
1995, but the rate of growth then slows duringgbgod 1995-99 and then increases
significantly between 1999 and 2000, with sustaigexivth beyond that period.

Normally we would expect a lag of at least 2 ydmatsveen the introduction of a specific
measure and seeing its effect on bioenergy devedopras this correlates with the
minimum development period for such facilities. elmited data available makes it
practically impossible to determine whether théahgrowth between 1990 to 1995 was
as a result of investment subsidies, introducei®B® or fixed prices in 1991.

However, it is possible that the initial increasan 1999 is spurred by the impact of the
enhanced funding for investment subsidies, sinesehvould have most likely been
allocated in 1999 to facilities that had completatial development plans and so may
have come “on line” by 2000. However, fixed prieesre also revised upwards in 1999
and this, discussed below, is also likely to hawetitbuted to the increases in capacity
beyond 2000.
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6.6.4 Impact of Revision of Fixed Prices

While the investment subsidies in 6.6.3 may hawkdwne impact on increased biomass
capacity the revision of fixed prices in 2000 iscalikely to have contributed to the
sustained strong growth in wood and wood wasteagpfaom 2000 onwards. It is clear
from the sustained nature of the increases in &Bl¢hat the longer term price
commitments (20 years) under this law have allobiechass installations to be planned
and then completed in the following years, whictvig/ the generation from biomass
increased in later years (see Table 6.4).

The biomass total has indeed increased annuapigcesly since 2002 as shown in Table
6.5. The increase from 2002 may be linked to thereston of the fixed prices law which
encouraged the deployment of CHP plants in Gernaayalso covered biomass co-
firing, which has enjoyed substantial success im@ay.

The replacement of the Electricity Feed Law wite Benewable Energy Law seems to
have assisted development of the biomass industBermany. The main reasons for this
are likely to be the long term security offeredtbg latter with predictable prices over a
period of 20 years and the substantial increasigeimctual tarrifs for biomass between
the two sets of regulations. These appear to haea successful even though the actual
rates payable are digressive. In the latter theseet at a level much more likely to
compensate a generator’s actual costs. Howe\srinteresting to note that the rates
payable for wind generation shown in table 6.2 €ase very sharply after the first 5
years. This is reasonable because with wind ptivgebulk of the cost is in the capital
cost and payback times tend to be consequentlyeshdBioenergy plants have
substantial ongoing fuel costs, so it is reasontit@ethe premium prices continue at
higher levels for a longer time period.

It is notable that the largest increase in biogatailations occurs between 2000 and
2001, just one year after the fixed price systers ke&ised to include biogas. This
demonstrates that for this sort of plant (shorteflgyment and construction lead time,
lower technology risk) can be very effectively stlated by electricity price mechanisms
alone.

6.6.5 Impact of Extended Fixed Prices

Extending the premiums to include combined heatpavder from biomass and cofiring
in 2002 seems to have been very effective in irsingethe actual quantities of electricity
generated from biomass. This can be seen byutpe increase in the number of GWh
generated from wood and wood waste installatiomsden 2002, 2003 and 2004,
compared to the much smaller (but still very sigaifit) increase in capacity displayed in
table 6.5. This policy measure has thus been e#egtive in its specific objective of
increasing the level of utilization of biomass misting large plant.
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6.6.6 Summary of the Effectiveness of Policy Instruments in Germany

Investment subsidies have helped to initially stateithe sector, but have been less
effective at providing long term support. Using geal energy taxes to provide the
revenue for the investment subsidies avoids ovmrigensome central government costs
and, in this case, has been successful in provigmigcreasing revenue for project
support.

Fixed prices can be very effective, but only if gen appropriate level vis a vis the
technology costs.

With fixed price mechanisms considerations sucthasong term security of the prices
offered needs to be taken into account.

Offering incentives to existing plant to convertoiouse more of a renewable fuel can be
a much quicker and more effective way of stimula@m industry than supporting new
technology development.

For relatively proven, short lead time technologiekatively modest price incentives

alone can be effective.
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7. Biofuels for Transport in Germany

Since policy for biofuels used in transport diffesghe instruments implemented to
promote electricity from biofuels, this section hatldress the instruments that concern
biofuels specifically for use in transport.

The German biofuels industry has been hailed aessday many policy critics.
Germany’s early start in this newly emerging matiat no doubt supported its success.
In 1995 the first production of biodiesel at a coenaml level commenced. Further, as
well as producing biodiesel to be used in transpolilended with mineral fuels, German
car manufacturers began to adapt their cars edlydoiabiodiesel. This market has also
been supported by the prohibition of marketingeafded petrol in 1996, which
consequentially liberated tanks available for paicgliesel around Germany. Thus within
a few months more than 600 public filling stationarketed pure biodiesel. A
combination of policy instruments and factors redatio Germany’s investment market
helped bring along the superb growth of biofuelsciwhool place between 1996-2003
and is illustrated in figure 7.1.

7.1 Policy Instruments for Biofuels for Transport

1999 Tax Exemption
2002 Investment Subsidies
2004 Tax Exemption

7.1.1 Tax Exemption: 1999

In 1999 the German government introduced an ectotaossil diesel in addition to the
mineral oil tax. Despite the introduction of théscton fuel, biodiesel received full tax
exemption. Fortunately, biofuels escaped the exavtach for fossil fuels increased
annually from 1999-2003. It is important to notattthis was for biofuels used in pure
form and not mixed with mineral based fuels.

7.1.2 Investment Subsidies: 2002

Investment subsidies in the form of capital gramido 35% for the investment are
provided to certain commercial plants in East Gewrtaat qualify for regional selective
assistance.
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7.1.3 Tax Exemption: 2004

In January 2004 however German tax policy was a&diat further support the biofuels
growth, and thus as a result biofuels blended wmitleral oils enjoyed full tax exemption
until 2009.

7.2 Biofuels Penetration in Germany
Figure 7.1: Growth of biofuels production in Germary

Unnverssty of Stuttgart
Instdute of Enengy Economics and the Rafional Use of Enengy
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Source of data: University of Stuttgart

Sales of biofuels also show impressive growth @veimilar period. In 1999 the sales of
biodiesel was 130 kton In 2003 the sales of leseliwas 800 kton. Sales of pure plant
oil reached 5 kton. In 2004 the sales of biodiesed 1050 kton, 5 kton of pure plant oil
and 65 kton of bioethanol in the form of ETBE. Riels thus accounted for 1.8% of total
transport fuel sales.

The new taxation rules of 2004 triggered a wavieagstment in the biodiesel industry,
creating an additional 740,000 tonnes of produat@pacity by the end of 2005.
(Source of data: Thuijl, E and Deurwaarder, E.R&2&uropean Biofuels in Retrospect.
ECN. Energy Research Centre of the NetherlandserRet

7.3 Analysis of Policy Instruments on the Promotion of Biofuel

Clearly rendering biofuels exempt from taxation hakped stimulate growth in the
biofuels sector, since following the introductidintive tax exemption in 1999 sales of
biodiesel have increased greatly. This is evidesrhfFigure 2 which shows a sharp

26



increase in biofuel production after the year 198%us again, by increasing taxes on
fossil fuels and maintaining biofuels exemptionmssdo ensure a healthy growth of the
utilisation of biofuels. It is clear that tax instnents can be used successfully to increase
biofuel utilisation.

It is without doubt that Germany has enjoyed suxeath biofuels, but it must not be
forgotten other factors that played a part in @gelopment. Germany was fortunate to
have the following conditions which helped devellop market. Firstly, there was much
ambition from farmers and breeders to give wayheo@German ‘rapeseed revolution’.
This was further assisted by investors lookingrtmdpce biodiesel at high quality, who
showed enthusiasm from very early on. In essehedaixation laws that levy tax on
petrol and diesel but not on biofuels, was a kéyedin promoting the development of
biofuels.

Once biodiesel production processes were develgisethmmericalisation was aided by
Volkswagen and other car manufacturers who gaveanwaes to end-users. It is
important to remember that support instruments diatencreasing biofuels utilization
could be aimed at the biofuels production or asglibing biofuel cars. This example
from Germany shows how addressing specific utilirevehicle barriers can reap
rewards. However, in general supporting biofuelsieles will not necessarily increase
biofuels utilization as the vehicles can be operate mineral oil fuels instead.

The political support given by the green party tyeaided biofuels producers and users.
Also very important in Germany’s biofuel successwse sudden availability of pumps
as a result of the prohibition of leaded petrolu3between 1996-2003 the biodiesel
industry expanded rapidly.
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8. Italy

Italy has a growing bioenergy industry, and cuisehas a range of policy instruments in
place; the effectiveness of which are analysedvzelo

8.1 Italy’s Electricity Penetration

Italy has traditionally relied on fossil fuels angdropower for electricity generation. Gas
and petroleum dominate, while the use of coal gmttdpower also represent a
significant share. The presence of wind power aatlgermal installations are
increasing, and the use of biomass to generattrieigcis indeed increasing at a rapid
rate. Italy has phased out any nuclear programé®ia 1980, so nuclear power does
not fuel any part of Italy’s electricity production

8.2 Italy’s Biomass Penetration

Since municipal waste is sometimes included a®mass technique, it is important to
note that Italy’s utilisation of municipal wastesdgenerate electricity has been growing
steadily for several years. However, this is owslte scope of the current study.
Electricity from biomass in the form of wood or wbwastes is also experiencing
growth, as is the introduction of biogas from latdfischarges, albeit at a slower rate.
In Italy, the type of biomass most extensively usefirewood, followed by biomass
from plants (energy crops).

8.3 Italy’s Electricity Market

A wave of liberalization of markets via privatizati occurred in most European countries
in the late 1980s and the 1990s. Italy’s eleciriniarket took some time to privatize state
owned monopolies. In fact, until recently competitin the Italian electricity market has
been very slim. Most of the electricity sector vina$d by two state corporations; ENEL
and ENI. In the early 1990s these companies warsfiormed into joint stock
companies, and are thus now privatised. In 199@waong EU integration of member
states, the Italian government passed new legslatigarding the de-integration of
generation and distribution of electricity. Theatteity state monopoly ENEL was then
broken up into generation and distribution compsnieus inducing competition into the
market between the providers. In addition to ENf#h@ account for 80% of total power
produced in Italy) there are municipal electrigympanies and independent self
providers (PNL, 2004, p.2).

In 1999 the Legislative Decree no.79 of March d®4.introduced the GRTN, the
National Grid Manager into the Italian electriciharket. The GRTN is responsible for
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managing energy transmission and distribution. BRI N also manages any technical
rules related to the grid that may affect planrang operating connections. Although
GRTN manage the grid, it is ENEL who have proprgtaontrol over it (Cugia di
Sant’Orsolam, 2004, p.1).

8.4 Italy’s Policy Instruments to date

1991 De-Regulation
1991 Investment Subsidies
1992 Feed-In Tariffs
1999 De-Integration
1999 Carbon Tax
2000 Investment Subsidies
2000 Tax Credits
2001 Green Certificates

The policy measures undertaken by the Italian Gowent to promote the development
of renewable energy sources have evolved sincgéa8@s. The oil crisis in late 1973
encouraged the Italian Government to turn to adtitve sources of energy, to reduce
Italy’s reliance on oil. The early policy instruntenn Italy were thus very much based
around Government intervention as a way of mobigjplayers in the market for
renewable energy (Farinelli, p.58). However curiicy instruments are more market-
oriented to induce investment in renewable enefgyielli, p.58). These later
instruments reflect the increase in climate prepations and Italy’s need to meet its
Kyoto and EU initiatives (Farinelli, p.58).
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8.4.1 De-Regulation: 1991

As part of the de-regulation of the Italian eleztyi market, laws 9 and 10 were
introduced in 1991, building upon law 308 of 1982iet was introduced as part of a
National Energy Plan. Law 9 allowed renewable epeignts to increase generation
from 3MW to 25MW, and law 10 made it possible tbsidise up to 30% of capital costs
for a renewable energy plant generating at belowW\@&M

8.4.2 Investment Subsidies: 1991

Subsidies were introduced in Italy in 1991 as amada promote development of
renewable energy. Grants given to renewable enaajgcts covered up to 30-40% of
costs.

8.4.3 Fixed Prices: 1992

In 1992, following deregulation of the Italian eliecity market, the Inter-ministerial
Committee for Prices (CIP - responsible for regntatlectricity prices) introduced
policy CIP 6/92. This introduced fixed prices {eed-in tariffs) into the Italian
electricity market. As a result ENEL (the govermt® monopolistic electricity utility)
had to buy and transmit all electricity produced&yewable energy plants. ENEL set
the price paid to all electricity producers byital utilities, with higher prices paid to
producers of renewable energy. The higher pricesdaas a premium and aimed to
compensate the higher costs incurred by the deredopof renewable production. This
premium or feed-in tariff was paid for the firsy8ars of plant operation and varied
depending on a number of criteria, such as prgjeet, technology any other public
contributions that the project received. Theyedifrom about 0.1 euros per kWh for
small hydro (less than 3MW run-of the river), taab0.12 euros per kWh for wind and
about 0.17euros per kWh for geothermal electricAgter the first 8 years, the producer
received the basic component of the energy-sefiiftag, expected to be around 0.07
euros per kwWh.

The problem with the feed-in tariffs was that tlmerpiums were linked to the oil price,
which was high, so the prices under the CIP-6 becanaffordable, compromising the
effectiveness of the instrument and it was evehtwathdrawn . Feed-in tariffs were
available to projects proposed to ENEL before 38%J1LO95, but were suspended in July
1996 and never revived (Farinelli, p. 63).

8.4.4 Carbon Tax: 1999

The Carbon Tax was introduced in Italy in 1999 asag of encouraging electricity
generators to switch to renewable energy sourdesrdvenues accumulated from the tax
contribute to financing energy efficiency and reable energy projects. The tax was
levied on coal, natural gas and oil, with coal figcihe highest levy of 5,084 lire (2.63
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euros) per tonne, then oil facing a levy of 1286 (D.66 euros) for every tonne. The tax
was effectively to shift generators from usinganid coal and instead to increase their
uptake of natural gas which faced a levy of 0.8 (0.045ct) per (IEA, 2006). The

tax was initially supposed to increase annuallyyéneer this did not actually occur.

8.4.5 Investment Subsidies: 2000

Investment subsidies have featured periodicallyragritaly’s policies to promote
renewable energy. In 2000 subsidies were madead@aito support investment in capital
outlay of biomass plants. The Biomass Fuels NatiBten (PROBIO) is a system of
capital grants which aim to support investmentgnaulture, transport and energy, in
developing the use of bioenergy in these sectors.

8.4.6 Tax Credits: 2000

In 2000 energy taxation received an addition t@dkcy; the issue of tax credits for
renewable energy. This policy affects the consutirectly since those connected to a
biomass fuelled district-heating grid receive adeedit of 20.65 euros per kWh of power
generated (IEA, 2006). In 2000, the financial laasvalso extended to establish a
reduced excise tax for fuels with a lower environtakimpact, such as bio-ethanol and
biofuel additives. These fuels enjoyed a reducrdadte of 289.2 euros per 1000 litres.

8.4.7 Green Certificates: 2001

Tradable permits were introduced into the eledirimarket in Italy in January 2001. All
electricity generators and importers must ensuaettiey produce 2% of the previous
year’s non-renewable electricity output from a sgakle source of energy. This must
come from power plants constructed or re-powertat 41 April 1999. According to the
Bersani Decree (79/99), renewable energy soureekstéed as beingthe sun, the wind,
the water, geothermal sources, tides, the waveanatnd the transformation of vegetal
products as well as organic and inorganic waste ielectric energy’The obligation is
set to increase gradually from 2% in 2002, to 2.36%005, 2.7% in 2006 and 3.05% in
2007.

This obligation applies to those who produced quanted an amount of electricity from
non-renewable sources exceeding 100GWh/ year, nemHgeneration, power station
self-consumption and exports. In order to meetdbigyation of 2%, operators must file
green certificates (GC) with the Transmission Sys@perator (GRTN). A renewable
energy plant will be eligible for GCs for a perind longer than 8 years.

To fulfill the obligation of 2% the producer caritegr buy green certificates from others,
or build new plants that use renewable energye-qrawer old renewable energy plants.
Plants operating from renewable energy sourcesrdrited to receive GCs relative to the
number of kWh for the first eight years of prodoatsince their commissioning. GCs are
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issued by GRTN who issue them either based onrthequs years’ production of
renewable energy, or based on the foreseeableityuainénergy that is expected to be
produced over the coming year.

Although the price of the certificates is set bg tharket, this policy instrument succeeds
in creating an upper boundary to the price. Thiseisause plants that were built as a
consequence of the CIP-6 (after April 1999) alremstgive Government support, so the
Certificates that they generate become the propéttye Government. It is the
Government’s Manager of the National Transmissioid GGRTN) that assumes these
certificates and then sells them on to those untalieach their target. The trading price
element of the certificates is controlled becabheeGRTN establish their price based on
the premium paid to generators under CIP-6 an@vkeage price paid to conventional
producers. Since the price established by the A#Ph&yh, the price for GRTN'S
certificates will also be high, so that the prié&sRTN certificates will certainly be
higher than the certificates belonging to renewablergy plants built independently of
the CIP-6. This therefore acts as a ceiling ferrtrarket price of the certificates.

The renewable energy obligation does not distinghetween various renewable energy
sources; the choice of source is left to operdiased on market principles. This
obligation can be fulfilled through the tradinggseen certificates between electricity
producers using renewable energy sources of er@r@jymporters or generators using
conventional energy sources. Operators that dooraply with the obligation receive a
warning from the Energy Authority Unit and in th@sh serious of cases, see their
participation in the electricity market restrictaxd are forced to pay financial penalties.
Green certificates are issued by the electricapgmission system operator, GRTN. The
green electricity certificate system has only biedly operational since its pilot phase
ended on 25 March 2003.

8.5 Biomass Penetration in Italy

Table 8.1:Electricity Generation from RES in GWh (Eurostat, 2006 data and 2001/02
wood/wood waste figures from ECN Renewable Energy Factsheets
http://www.renewabl e-energy-policy.info/relec/italy/production.html)

in GWh 1999 |2000 |2001 |2002 |2003 |2004 |2003//04
Wood, Wood waste | 586 221 272 400 611 1913 213.10%
Municipal Waste 653 804 1258 1428 1812 2277 25.70%
Biogas 580 566 684 943 1033 1170 13.30%
Biomass Total 1819 1591 2214 2771 3456 5360 55.10%
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Table 8.2: Electrical capacities of RES in MW (Eurstat, 2006 data)

in MW 1990 1995 | 1999 | 2000 [2001 | 2002 | 2003 [2004 | 2003//04
Wood, Wood

waste 4 68 180 180 180 155 383 503 31.30%
Municipal Waste | 46 79 168 219 222 224 446 511 14.60%
Biogas 41 21 141 179 198 224 257 268 4.30%
Biomass Total 91 168 | 489 578 600 603 1086 |1282 | 18.80%

8.6 Analysis of Policy Instruments and Biomass Pene  tration

Table 8.1 highlights the share of electricity gexti®n from biomass, from the year 1999
to 2004. Table 8.2 identifies the number of MW ridtalled biomass in Italy for the year
1990, 1995 and then from 1999-2004.

8.6.1 Absence of Policy Instruments

Prior to 1991 any attempt to encourage renewablgraity in Italy was small-scale.

The first significant renewable energy policy camte effect in 1991, with deregulation
and investment subsidies followed by fixed priced992. Table 8.2 indicates that in
1990 the installed capacity of bioenergy from wooadvood wastes was very low, but in
the decade after 1990 the capacity of bioenergeased. This implies that the
introduction of Italy’s renewable energy policy wagcessful in initiating the industry
development, but at a relatively slow rate. Ptiothat year the only substantial capacity
was in waste and biogas, which was probably due rwoenvironmental/waste policy
than renewable energy policy.

Between 1999 and 2001, table 8.2 shows that no mstalations of biomass from
wood or wood wastes were implemented. This suggesatsn the years prior to 1999
there was a lack of effective policy for wood andogd wastes. This is emphasised by a
reduction in capacity in 2002, indicating that medi installations were not replaced.

The reason for this lack of activity is likely dteethe fact that the fixed pricing system of
1992 was dissolved in 1996. The 4 year supporbgddrad not been sufficiently long to
establish the industry and, in the absence of #mgr stimulant, development stagnated.
This clarifies that the policy instruments previlyus place were being effective in
assisting the development of renewable electribtyring the same period municipal
waste installations increase only slightly, prolyatilie to policies and markets in the
waste rather than the renewable energy sector.

It can be concluded from this dip in activity tlcaintinuity of support is vital, especially
for a country, like Italy, that does not have agdmstory of using biomass in heat and
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electricity plants. Ongoing support and incentiges required for to sustain and develop
its biomass industry.

8.6.2 Impact of De-Regulation

De-regulation of the Italian electricity marketlif91 included laws 9 and 10, which
increased the maximum permitted renewable enegyt gize and allowed renewable
energy developers access to a previously monopafistrket. This was the first
necessary step in facilitating the expansion oébargy capacity that table 8.2 shows
followed in subsequent years.

8.6.3 Impact of Fixed Prices

The introduction of fixed prices in Italy in 199atiated an increase in biomass
installation as shown in Table 8.2 from 91 MWe befibs introduction in 1990 to 168
MWe in 1995. Given the lead-time for developmeioenergy plants (typically 3
years minimum) it is possible that this mechanisas yust having maximum impact
when it was withdrawn in 1996. However, supporitocaed to be available for plants
notified to ENEL by 1995 and so the capacity cammto increase to 489 MWe by 1999
on the basis of plants being completed that had pegposed within the time window.

It can be concluded that the fixed prices werecatiffe, but their withdrawal because they
were uneconomic shows they can also be an expem&asure. The fact that new wood
installations cease after 1999, but modest growthaste and biogas continue indicates
that the technology-specific nature of the fixett@mechanism was particularly helpful
to the wood industry.

8.6.4 Impact of Carbon tax and tax credits

After the introduction of the carbon tax in 1999mew wood installations are built for 3
years and there is only modest growth in the bi@gakwaste sectors. The tax does not
appear to be initiating new capacity other thanldmeest cost and most proven
technologies. In addition the output from the ¢anscapacity of wood/wood waste
plants initially falls, illustrating that there do@aot even appear to be an incentive for
existing wood plants to increase generation, despé fact that the carbon tax was
levied on coal, natural gas and oil as a way obaraging generators to shift to suppliers
of renewable electricity and biomass from wood aodd wastes municipal waste and
biogas were exempt from the tax. This is most jiketcause the carbon tax was not high
enough to instantly lead to the creation of biogpgrants.

The tax credits were aimed specifically at distnieating plants and, as such, we would
expect to see success of this measure reflectaa &amost immediate increase in output
rather than capacity. This is discernable in 289d 2002 from table 8.4, but is more

34



notable for waste installations than wood oneswalgp that the cheaper waste fuel
benefited more from this measure.

8.6.5 Impact of investment subsidies

Investment subsidies are introduced for the firsetin 1991 and may have assisted the
gradual growth in capacity throughout the 199M4ore significantly they are
reintroduced in 2000 and focus on the agricultasglects of the industry as well as the
electricity production. Given the typical lead &rfor bioenergy plants it is very likely
that these are contributing to the significant catyagrowth between 2002 and 2003.

8.6.6 Impact of Green Certificates

Italy’s policy on renewable electricity incorporatihe trading of green certificates which
was introduced in 2001, which is in fact earlieartltheir European counterparts. For
most countries, given the recent implementatiosuch a policy it is difficult to judge its
effectiveness on the renewable electricity markaly’s earlier introduction in 2001
means that there is some indication of the eftdtas had so far. Allowing two or three
years for the construction of a bioenergy plarg,tible indicates that the rise in
bioenergy capacity in 2003 and 2004 may be asudt rgfsthe trading certificates in
2001. In other words, the introduction of tradimgtidicates in 2001 has certainly
triggered developments in all kinds of renewablenf® of electricity, including biomass.
The installed capacity of biomass from wood and avaastes in 2003 and 2004 is
significantly higher than in 2001 and previous gedihis indicates that the trading of
green certificates in Italy has promise and mayelseonsible for the increase in
bioenergy installations beyond 2001.

It has been felt that the advantages of the gredificates in Italy include the fact that
there is a period of postponement for the greetificates of one or two years, in which
generators have extra time to present their ogatiéis before sanctions are applied. Also,
green certificates are allowed one or two yeaesdwvance for plants which are being
built. This buffer allows producers to identify whi build renewable energy plants, as
they can identify when there are fewer plants &g infer a higher price for certificates
(Farinelli, p.66).

Government also have the freedom to increase theresl increment of the obligation of
renewable energy electricity output in the eveat Bupply is high and thus the value of
the certificates become low. This will ensure tifat system is liquid and that renewable
energy projects are being developed at the requated Farinelli, p.66).

It is interesting to note that, as is usually thee; the green certificates are not
technology specific and this is frequently citechagason why they are not appropriate
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for bioenergy systems, which currently tend to be of the more expensive forms of
renewables. In contrast to what one might expketefore, tables 8.4 and 8.5 both show
much greater growth in the wood sector than thapdebiogas and waste sectors. It is
likely that this is because of the combinationtd green certificates alongside
investment subsidies.

It is also notable that the green certificates s@havas run on a pilot basis until 2003
and, after this point, when the scheme is fullyrapenal there is a huge increase in
output in table 8.4. This is indicative of sucdakphased introduction of the scheme.

8.7 Summary of the Effectiveness of Policy Instrume  nts in Italy
» Deregulation paves the way for bioenergy expansion

» Continuity of policy instruments is important andhwdrawal is likely to
impact negatively on the market, as was the case}896.

» Fixed Prices facilitated investment in bioenergyt ib this particular case
proved too expensive to maintain and so were utéipanore damaging
to the industry, which contracted after their withaal

» General taxation measures only work if the levaluBiiciently high but
those targeted at specific sectors (e.g. biomassaliheating) may be
more selectively successful

» Trading certificates combined with substantial stweent subsidies have
been the most effective measures at encouragindetedopment of new
capacity and utilization of existing.
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9. Biofuels for Transport in ltaly

Italy’s biofuels market is currently experiencingpgth. This is mainly after EU
directives regarding the use of biofuels came fatoe. Italy is already an importer of
rapeseed and sunflower, as well as oil seeds te miakliesel. However ltaly is
beginning to establish production of biofuels taused in transport. This is expected to
expand the industry.

9.1 Policy Instruments for Biofuels for Transport i n Italy
2000 Tax Relief
2001 Tax Relief Extended
2005 Tax Relief Reduced

9.1.1 Tax Relief 2000

In 2000, Italy introduced a tax relief for biofuetducing the amount of tax payable on
biofuels. The tax relief was available for a prattut of 125000 tonnes of biodiesel. The
tax break is at 403 euros/m3 for biodiesel (Hi92}.2).

9.1.2 Tax relief Extended 2001

The quota of biodiesel was increased in 2001, gofthn the years 2001, 2002, 2003 and
2004, for each year 300,000 tonnes of biodiesddoenjoy the tax relief.

9.1.3 Tax Relief Reduced 2005

Unfortunately, rather than further increase thetgwtigible for tax relief, the quota was
in fact reduced. This meant that from 2005 only,200 tonnes of biodiesel could benefit
from the tax relief. This change in policy will sygle to promote development in
biofuels, it may however encourage efficiency witthe biofuels sector.

37



9.2 Biofuels Penetration in Italy

Table 9.1: Biofuels Penetration in Italy 1999-2004
Year 1999/00 2000/01 2001/02 2002/03 2003/04

Consumption
Tons (thous)

Source of data: SeedQuest
The content of the SeedQuest website is copyrigh®€2-2005 by SeedQuest - Al

rights reserved
Fair Use Notice www.seedquest.com http://www.seedquest.com/News/releases/2005/march/11795.htm

70 120 174 270 310

9.3 Analysis of Policy Instruments on the Promotion of Biofuel in
Italy

The tax relief introduced in the year 2000 hadanseffects on the biofuels industry,
with the production and consumption of biodieser@asingly rapidly after the year 2000
as shown in Table 9.1. When this policy was exéengroduction and consumption of
biodiesel rose further. This suggests that a gersaisx break, combined with a high
taxation on fossil fuels (as is the case in Itah) trigger an increase in the development
and diffusion of biofuels. It is without doubt thtae most recent policy alteration may
threaten this growth. In the most positive scenaridecrease in the quota of those
eligible for tax breaks may encourage a more @ficindustry. However, with a lower
amount of fuel eligible for reduced taxes the baéundustry, set at a level
approximately equal to the current consumptions likely that growth will slow down.
Consumers may also bear the costs of the lowendinhsubsidy, by seeing increased
prices for biofuels, which may in turn add to thitential decline.
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10. Sweden

10.1 Sweden’s Electricity Production

Swedish electricity production is dominated by eacland hydropower, which combined
account for over 80% of Sweden’s national eledyrigeneration. Following this,

Sweden relies on a strong range of renewable energgnerate electricity. In fact, the
conventional fuels; petroleum, coal and gas aneoresible for only a minor part of
Sweden’s electricity production.

10.2 Sweden’s Biomass Penetration

Bioenergy is an important player in Sweden’s rer#esprogramme, being the leading
renewable source of electricity after hydropoweave8en’s biomass industry is
particularly strong with regards to Combined Head Rower and district heating
networks. Fuel mainly comprises agricultural ressland forestry byproducts.

10.3 Sweden’s Electricity Market

Before the liberalisation of Sweden’s electricitgnket, five state-owned generating
companies dominated the market, representing 908keofricity production. However in
1995 the Swedish government passed legislatiorcingicompetition into the electricity
market, within the generation and distribution aspef electricity, from T January
1996 (Swedish Competition Authority, 1996, p.5)eThotive was to promote
competition to bring about greater choice and logests and prices for consumers. As a
result, Sweden now has six main parties domindktiegelectricity production sector.
Electricity is generated in plants which are oweéder by the state, the municipalities,
industries or private companies. The state howewers approximately 48% of
electricity production. The liberalisation also sthe formation of Nordpool, a joint
Norwegian-Swedish trading exchange which came abihtthe competition between
generators.

Transmission was however, to remain a monopolys feans that access to the grid is
operated by a monopoly company which is separate the distributors. As a result,
consumers’ bills are made up of 2 components;iteesghowing the price of
transmission, and the second showing the coseofrality. The transmission is divided
into three levels, those being; high voltage gnd #he regional and local networks. The
utility Svenska Kraftnat manages the high voltagé,gvhile the local and regional grids
are managed by large power companies’ network campaThe grid connection prices
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are overviewed by the Electricity Network Authorityho ensures that transmission
prices are accurate and efficient.

10.4 Policy Instruments for Electricity from Biomas S

1991 Carbon Tax

1991 Energy Tax

1997 Investment Subsidies
2000 Tax Increases

2003 Green Certificates

2004 Tax for Home and Services
2004 Reduced CHP Tax

10.4.1 Carbon Tax: 1991

A carbon tax was introduced in 1991 and is leviedhe emitted quantities (kg) of

carbon dioxide from all fuels apart from biofuetdgpeat. Fuels used for electricity
production are exempt from the energy and carbogstaalthough they are subject to the
NOXx and sulphur tax in certain cases. Fuels uselddat production are subject to energy
and carbon taxes and sometimes sulphur and Npxiroiple biofuels, solid waste and
peat are free of tax for all energy uses, althqueght is subject to sulphur tax.

The carbon tax was introduced to complement thetiegi energy tax and is levied at a
rate of 0.36 SEK (0.039 euros) per kgL 130 US$ (117.51 euros) per Carbon tonne.

10.4.2 Energy Tax: 1991

Energy taxes have existed for a long time in Swelenas part of the eco-tax reforms in
the early 1990s the energy tax has been adapdtiect the competitiveness of
industry. Energy tax is levied on petrol, fuel dilesel oil, paraffin, liquefied petroleum
gas, natural gas, coal and petroleum coke. Therglem#e is that fuels are taxable if they
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are used for heating or as motor fuels, but ndsfused for production of electricity. The
actual tax rate varies from fuel to fuel, and dapendent of the energy content. A
separate tax is also payable on the use of elggtwbich is levied at consumer level.
This energy tax has been in place since the 1#kA@das been increased and modified to
accommodate certain industries. In all cases homteeeenergy tax has remained high,
making the use of fossil fuels economically undesi.

10.4.3 Investment Subsidies: 1997-2002

Subsidies for renewable energy projects are adtaneid by the Swedish National
Energy Administration and formed part of a shomnt@nergy programme to stimulate
investment in new electricity production capaciyh renewable energy sources.
Legislation providing investment subsidies for neable energy projects (Decree 1988
22) was applied from July 1997-2002 and coveredlsinahore wind projects, small
scale hydropower, and CHP using 70% biomass fusl aive year period. Subsidies of
about 330 euros/ kWe were awarded to CHP plantsdoais biomass, to a maximum of
25% of the total capital cost of the project amdiatal SEK 450 million was provided as
grants to support electricity generated by biohaded CHP plants during the period. In
2003, however, the investment subsidies were regdlag a green certificate scheme (see
below).

Grants have been available for the building ofraisheating systems which utilised
biomass for at least 5 years and for smaller quakate houses that change their heating
from oil fired boilers to pellet fired boilers.

10.4.4 Tax increases: 2001

In 2000 Swedish Government approved the increatexafion by Skr 3 billion in 2001.
This entailed the raising of the carbon tax from® $EK (40.19 euros) to 530 SEK
(57.57 euros) per tonne. The tax on diesel wagasad by 0.117 SEK (0.013 euros) per
litre, and taxes on electricity increased by 0.8EX (0.002 euros) per kWh. As stated
above, biomass is exempt from these taxes.

10.4.5 Green certificates: 2003

Trading of green certificates to mobilise investinarrenewable energy was introduced
via the Swedish Government Energy Bill of 2002 jrigleffect from May 2003. Certain
users of electricity are subject to an annual aliog, for example, in 2003 they had to
ensure that 7.4% of their electricity was from mewwable source. This is demonstrated
by producing sufficient green certificates from gwoers. For each MWh of renewable
electricity produced from photovoltaics, wind poweiomass, geothermal energy, wave
energy and small-scale hydro, a producer receimesertificate. Waste and large scale
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hydropower which could potentially saturate thdifieate market and bring down the
value of certificates are not eligible, althouglatie (Parikka, 2006, p.9).

The obligation increases every year until 2010, wihe&vill be 16.9% of consumption
and, while the prices of certificates were regudte the first two years they have been
set by the market beyond that. One major distinciiom other countries’ certificate
trading systems is that some users are not includége scheme. Initially energy-
intensive industries were exempted, as were uséeofricity in the following industries:
steel-making, other metals processes, paper apg\wabd board, basic chemical
industry, mining, cement and mineral oil refineries

The obligation is managed by the Swedish Energyndgewho are informed by the
suppliers and the users how much electricity theayetsupplied or used during the year
and how many certificates need to be annulledrdieroto maintain liquidity there is a
minimum or buyout price at which the governmentpises to buy certificates from
producers. In 2003, this was 0.66 ct per kWh. éf dbligation is not met however, there
is a penalty of 1.9 ct per kWh (2003 level) or 2c2per KWh in 2004.

10.4.6 Tax for Households and Services: 2004

Since January 2004, households and the servicersente paid a tax of 26.19 euros per
MWh on electricity. Users in the manufacturing istty, agriculture, forestry and fishing
paid no electricity tax until 1 July 2004, whenelactricity tax of 0.54 euros per MWh
was introduced.

10.4.7 CHP Tax: 2004

Special rules apply for CHP plants. Since Janud&@@4, no energy tax and only 21% of
the carbon tax is paid for fuels used for heat pation in these plants in order to
promote production in existing CHP plants and itwvesits in new plants. However, 3%
of the fuel input used for electricity productionCHP plants is regarded as being for
internal use and is subject to energy and CO2 ta8esall scale electricity production
based on renewable energy sources are exemptlimtax levied on the households and
the services sector.
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10.5 Biomass Penetration in Sweden

Table 10.1: Swedish Electricity Generation from RESn GWh (Eurostat, 2006 data)

in GWh 1999 | 2000 |2001 |2002 |2003 |2004 |2003//04
Wood, Wood waste | 2507 | 3943 |3635 |4023 |5220 |6614 |26.70%
Municipal Waste 130 231 225 277 312 1233 291.99%
Biogas 9 32 21 27 36 62 72.20%
Biomass Total 2646 | 4206 |3881 |4327 |5568 |7899 |41.90%
Table 10.2: Electrical Capacities of RES in MW (Euostat, 2006 data)
in MW 1990 1995 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2003//04
Wood, Wood
waste 1200 1200 | 1490 | 1490 | 1778 | 1670 | 1670 | 1670 | 0.0%
Municipal Waste | 30 76 77 77 171 [170 [170 [264 [53.3%
Biogas 0 0 18 18 19 20 20 20 0.0%
Biomass Total 1230 1276 | 1585 | 1585 | 1968 | 1860 | 1860 | 1954 | 5.0%
10.6 Analysis of Policy Instruments and Biomass Pen etration

10.6.1 Impact of Taxation

Table 10.2 shows that, prior to the introductiorenérgy and carbon taxes in 1991, there
was already a high base level of bioenergy capati8weden. This is likely due to the
established wood industry and district heatingastiructure providing competitively
priced wood resource and efforts during the 198§’the state owned generating
companies to reduce dependence on mineral olL991 the energy and carbon taxes
were introduced, but, from table 10.2, these doseetn to have had any significant
impact on bioenergy capacity in the following 4 ngeaThis is probably due to the fact
that the energy market was not liberalised untd6,%nd the carbon taxes in themselves
provided little incentive for the state-owned moalgs to invest in new generating

capacity.

By 1999, however, table 10.2 shows a significaotaase in bioenergy capacity. This is
most likely due to a combination of the energy taftem 1991 and subsequent
liberalisation of the energy market in 1996. e, tax was effective in assisting the
development of bioenergy, but only in the conteéha dberalised energy market.
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Interestingly the subsequent increase in taxe®@1 2s followed by a significant
increase in electricity output from biomass plamt to increase in capacity. It would
seem that increasing the taxes was therefore aeffgtive way of maximising output
from existing plant, which will obviously be at ntutower cost to the consumer than
building new capacity.

Tables 10.1 and 10.2 only cover electricity progucfrom biomass and significant
guantities of wood are also used for heating in@me Although the tax is not

uniformly levied on industry, fossil fuels usedtire heat sector experienced increased
costs due to the two taxes in place. Since bionsassempt from taxation, it was the
natural choice and the use of biomass has incréaséd% between 1990 and 1999
(mainly because of an increase in biomass heaicapiphs), as a result of the carbon tax
(Johansson, 2001, p.1).

Overall it appears that taxation has been a vdegfe policy instrument in increasing
biomass utilisation in Sweden throughout the 1990°kis has particularly been the case
in the heat sector, but, following market liberatisn, significant increases in the
electricity sector have also been noted. It shbeldioted in this respect that the Swedish
tax regime is long established and comprises meltgyers of VAT, energy and CO2
taxes, increasing the effectiveness of tax incieeaBeere is also a complex and
frequently modified system of allocating rebatesddain industries that has enabled the
tax to be augmented as required to encourage bsousasat the expense of fossil fuels,
while maintaining competitive industrial advantage.

10.6.2 Impact of Investment Subsidies

Between 1997 and 2003 biomass CHP plants and mhewable technologies benefited
from investment subsidies. The impact of this widug expected to manifest itself as an
increase in electrical capacity in table 10.2 f2®00 onwards. This is, indeed, evident
in 2001 and this is likely to be at least partleda the impact of investment subsidies,
although the previously implemented taxes areyikelalso still be contributing to the
overall growth. Nevertheless it should be noted there has been no increase in
capacity (other than waste) since 2001, indicatiag the withdrawal of investment
subsidies in 2002 has halted development of newapin the biomass sector. Also,
much of the investment subsidy has focused on GidRiestrict heating plant and so
these are the areas that have expanded rathedé¢kalopment of more innovative
technologies.

10.6.3 Impact of Trading Certificates

From 2003 onwards there has been little growtlménaverall capacity of wood-fired
electricity plant, but a huge increase in the oufpam those plants. It has already been
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noted that a similar trend from 2001 is likely tvie been caused by tax increases that
year and it seems likely that the continued ireesahrough to 2004 have been
contributed to by the tax increases, but possilsly by the green trading certificates. It
will only be possible to discern if green certitiea are having more impact than taxation
as more data becomes available for subsequent years

10.6.4 Impact of General Policy

Given Sweden'’s forestry background (68% of the lisrfdrested) and its tradition of
combusting wood for heat and power it is not ssipg that it should have a strong
bioenergy contribution in its electricity mix. Hewer, the above analysis has indicated
how market liberalisation, introduction of taxatjamcrease of tax levels and investment
subsidies can each be linked to expansion of thengirgy sector in Sweden. This
suggests that, in the absence of these policyuimstnts the bioenergy sector would not
have developed to the same extent and this is lmurtey the fact that between 1997 and
2003, there were no major new policy instrumenti®duced in Sweden and installations
of wood or wood waste plants dwindled. Therefexan in a country like Sweden which
has a strong history of combusting biomass for badtpower, policy instruments play
an important role in steadily growing the industry.

10.7 Summary of the Effectiveness of Policy Instrum  ents in
Sweden

The high levels of available forestry resources estdblished network of district heating
have doubtless been instrumental in Sweden'’s leig#l bof bioenergy implementation.
However, even in this context, policy instruments r@quired to support and guide
sector development.

Investment subsidies have been effective at imtiadevelopment of new wood/wood
waste capacity.

Taxation has been very effective at supportingdiibenergy, including the heat sector,
but needs to be set at a suitably high level amdgbieally reviewed. The taxes
introduced have been more effective at maximisiogrergy output from existing plant
than instigating new capacity.

Trading Certificates are expected to have a pe@sitiypact on the sector but there has
been insufficient experience so far to verify this.
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11. Biofuels for Transport in Sweden

Sweden has incorporated the use of biofuels irspram as part of their long term
strategy for sustainable development. Already engpg growing biofuels market,
Sweden has turned to imports of bioethanol andiésed from Brazil and South America
as a way of mobilising this sector. However, polh@s also supported the growth of the
indigenous biofuels industry. From 2001 Swedenioed and commenced a strategy to
switch to green taxes, which were subsequently fieadio induce investment and
development in the biofuels industry.

11.1 Policy Instruments for Biofuels

2002 Tax Relief
2002-2008 | Tax Reduction
2004 Tax Exemption

11.1.1 Tax Relief: 2002

In 2002 the strategy for the promotion of altevafiuels came into play. This gave tax
relief to pilot projects, which qualified from fulixemption of excise duties, including the
carbon tax described above.

11.1.2 Tax Reduction: 2002-2008

From 2002-08 it is possible to obtain a tax reductor the purchase of environmentally
friendly company cars.

11.1.3 Tax Exemption: 2004

In 2004, the tax strategy for alternative fuelsraed so that from 2004-09 carbon
neutral fuels are exempt from both Carbon and Bn&ex. However government may
put changes into place at any time to avoid ovargEnsation. For fuels that emit carbon
dioxide a tax, a tax of 8.4ct per kg of €€mitted is levied upon them. Biomass based
vehicles are exempt from this tax, thus actingrasmeentive to purchase cars running on
biofuels.
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11.2 Biofuels Penetration in Sweden

Between 2002-2003 the use of bioethanol and bietlfesm rapeseed in the transport
sector almost doubled and again between 2003 abwl 20

In 2003 the share of biofuels used in the transgpestor was 1.3%.

In 2004 0.3 PJ of Biodiesel and 0.5 PJ of Biogasewsed in transport, so biofuels had a
2.3% share of the transport sector, exceeding the&aEget of 2%. (Thuijl, 2006)

11.3 Analysis of Policy Instruments on the Promotio n of Biofuel

Sweden’s taxation system suggests an effective amésin given that Sweden has
already reached the EU target of 2% biofuels ingpart. As a result of reaching the EU
target prematurely, Sweden established an increasget of 3% of transport fuels to be
derived from biofuels for 2005.

Sweden’s policy concerning biofuels took off in 20@\ series of tax exemptions
ensured that the employment of biofuels greatlydased. The subsequent years show
that the use of bioethanol and biodiesel have afistidoubled from year to year. By
maintaining taxes on vehicles emitting carbon diexiand upholding biofuels’ exempt
from tax, the biofuels market is developing rapidly

Furthermore, Sweden has made vehicles using bsofmete economical for the
consumer, who will pay a lower rate of tax on tliechase of the vehicle. A series of tax
exemptions and reductions from 2002 have instastysted the expansion of the
biofuels market for the transport industry.
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12. United Kingdom

12.1 United Kingdom'’s Electricity Production

The main contributor to the UK'’s electricity marketlectricity generated from the
combustion of gas. However, coal and nuclear p@algr represent a significant amount
of the UK’s sources of electricity. Beyond thesganaontributors, the UK has a
growing renewable energy market. Hydropower isaasible for a small portion of the
UK'’s electricity, and of late, wind power and biegand biomass are also increasing in
importance.

12.2 United Kingdom’s Biomass Penetration

The United Kingdom does not have a particularlgdéawood or forestry industry base,
although there are residues and by-products thdtl ¢ used for bioenergy production
which are currently treated as wastes. Therelaocesggnificant quantities of agricultural
residues potentially available for bioenergy depeient, but one of the main focuses of
bioenergy policy in the UK has been to attemptdweeadop cultivation of dedicated
energy crops for the bioenergy industry.

There have been relatively few bioenergy installaiin the UK, and only recently are
we beginning to see larger MW-scale capacity commitgeffect, fuelled mainly by
forestry and agricultural residues, with some §rof energy crops. Currently the biggest
biomass demand is for cofiring with coal in exigtpower stations and much of this
material is imported.

12.3 United Kingdom'’s Electricity Market

In 1990, the UK liberated the electricity marketoiigh privatization, bringing about 5
important changes:

* The introduction of a wholesale electricity market

* The introduction of a retail electricity market

» De-integration, i.e. separating generation andidigion

* Regulation through the use of incentive mechanisms

* The sale of nationally-owned assets to privateedi@ders.

It was envisaged the wholesale electricity marketill entail lower and competitive
prices for consumers (Thomas, 2001, p.4)
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At first the market worked as follows; demand waie€ast by the System Operator,
utilities bid to meet the forecast demand and igbdst successful bidder sets the price
for the pool of utilities for that given time. Thigas known as “the Pool mechanism”, but
was uncompetitive and flawed. This market desigs thas abandoned in 1997, with the
introduction of New Electricity Trading ArrangemsniNETA’. NETA is the wholesale
market, which incorporates the trade between gemsrand suppliers of electricity.
NETA is responsible for ensuring that demand is loyahe supply fed into the grid, and
also to manage the financial trade between thergtre and the suppliers. The National
Grid UK is the owner, operator and developer ofdleetricity transmission network in
England and Wales. Ofgem is the regulator of teetgtity market, ensuring that there is
sufficient competition and that consumers are [tete

12.4 Policy Instruments for Electricity from Biomas S

1989 De-Regulation

1998 Investment Subsidies
2001 Carbon Tax

2002 Green Certificates

2002 Capital Grants

12.4.1 De-Regulation : 1989

In 1989 competition was induced into the electyiaiarket and the Non Fossil Fuels
Obligation (NFFO) was introduced with the intent@insupporting the nuclear and
renewable industries. Under the 1989 Electricity, Aegional electricity companies
faced obligations requiring them to generate aagedmount of their electricity from a
renewable source, with an overall target of 1500 M¥falled renewables capacity by
2000.

A fossil fuel levy was paid by utilities for theeusf fossil fuel and redistributed among
those producing renewable electricity. The premprioe for renewables was paid only
to contracted suppliers who had been successtutompetitive bidding process within
prescribed renewables technology bands. The éadtithe NFFO to reach its target of
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1500 MW installed of renewables capacity by 20@Dtéeits replacement by the
Renewables Obligation shortly after.

12.4.2 Investment Subsidies: 1998

The New Opportunities Fund under the National Ligt#ct was introduced in 1998 to
provide financial support for the development afewable energy projects. The
development of biomass was particularly aided liyyshheme, whereby a range of
biomass applications received grants, as did enmagydevelopment and CHP projects.
This scheme provided up to 40% of the total investihtosts of new generating plant.

12.4.3 Carbon Tax: 2001

The Climate Change Levy (CCL) was introduced inirR2001 by the Government in
order to encourage energy efficiency and redudesocadioxide emissions. The
mechanism works as follows; energy used by nondtmld consumers is taxed at a levy
of £4.30 (6.39 euros) per megawatt hour, with reatdesenergy being exempt. The levy
is offset by a 0.3% reduction in employers’ Natioimgurance Contributions. The funds
raised are used for development projects for rebnenergies and the promotion of
awareness and understanding of energy efficiemcgrihciple developers are
incentivised to undertake renewable projects bexalectricity prices in the industrial
sector have absorbed the CCL; swelling the elesthicice, which effectively acts as a
premium for renewables producers. (DTI, 2006)

12.4.4 Green Certificates: 2002

Under the Utilities Act 2000 suppliers have to s®uan increasing amount of energy
from renewables. The Renewables Obligation cantefarte on i April 2002. Each
supplier receives an individual Obligation whiclaigarget level of electricity generated
from renewables. The system works as follows:

Electricity suppliers have contracts with renewadiergy generators, through which
they agree to purchase electricity from them atgneed price per KWh. This contract is
known as a Power Purchase Agreement (PPA). Thdisupgceives a Renewables
Obligation Certificate (ROC) for each megawatt hotirenewable energy they supply.
This certificate can then be traded with other §eppwho have not been able to meet
their Renewables Obligation and who therefore rhugtCertificates. Suppliers are thus
able to meet their Obligation by:

1. Acquiring ROCs which will represent their total egye generated from a
renewable energy source, thus meeting their tamg@bligation.
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2. Or by paying a buy-out price set by the regula@¥GEM, currently £33.24
(49.36 euros) per megawatt hour to cover theirgalbdiry total of energy
generated by Renewables.

3. Or by a combination of both ROCs and paying a butypoice.

All of the money from purchases of the buy-out @i put into a buy-out fund, and then
recycled to the ROC holder in proportion to thewoé of ROCs that they possess.
Therefore the ROC has an incremental value in ihdib the £33.24 (49.36 euros) per
MWh which decreases as the target is approa&wethose who have aimed to meet their
Obligation by employing electricity generated framenewable source, and have thus
gained ROCs, are then rewarded for their contriloutio the national target. This is
clearly an encouraging factor, promoting the uptake=newable projects; since
suppliers will be eligible for ROCs which will imitn be rewarded by a cash sum. (DTI,
2006).

It is important to note that ROCs can currentlyebened from co-firing, however the
required proportions of energy crops to qualifydorfiring ROC’s is increasing from
year to year. Co-firing will eventually be illegébfor ROCs by March 2016. Also,
generation from waste is only eligible for ROC# ik converted through landfill gas or
by using advanced technologies such as anaerajgsttn, gasification and pyrolysis.

12.4.5 Investment Subsidies: 2002

A system of investment subsidies was introducecutite Bio Energy Capital Scheme.
This scheme was established in 2002 in the aimmarhpting development of the use of
biomass for energy; in particular, the use of epergps. 66 million pounds (98 million
euros) was available, of this amount 10 million pasi (14.86) was committed to
electricity generation and the production of enasgpps or wood fuel. A further 20

million pounds (29.71 euros) was to go towards destration projects for advanced
energy crop technologies, and towards industriat peoduced by energy crops and
forestry wood fuel (IEA, 2006). By 2006, the Newptunities Fund will inject a

further 33 million pounds (49 million euros) inteetscheme to support biomass projects.
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12.5 Biomass Penetration
Table 12.1:Electricity Generation from RESin GWh (Eurostat, 2006 data)

in GWh 1999 | 2000 |2001 |[2002 |2003 |2004 |2003//04
Wood, Wood waste | 460 436 773 1127 | 1549 | 1867 |20.53%
Municipal Waste 1414 1261 |1361 |1535 |1514 |1630 |7.66%
Biogas 2113 | 2555 |2870 |3047 |3619 |4383 |21.11%
Biomass Total 3987 | 4252 |5004 |5709 |6682 |7880 |17.93%
Table 12.2: Electrical Capacities of RES in MWEurostat, 2006 data)
in MW 1990 1995 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2003//04
Wood, Wood
waste 0 0 84 133 133 |[144 |163 |163 |[0.0%
Municipal Waste | 38 112 |227 184 [189 |203 |217 [223 |2.8%
Biogas 91 199 [434 |468 |[503 |535 |676 |790 |16.9%
Biomass Total 129 479 | 745 785 825 882 1056 | 1176 [ 11.4%

12.6 Analysis of Policy Instruments

Tables 12.1 and 12.2 detail the recent developwidnibmass, covering the period from
1990 to 2004.

12.6.1

Impact of the NFFO Obligation

The NFFO obligation was successful in kickstartimg industry, growing it from no
wood installations to 133 MWe by 2001. Its sucaeas down to providing a tailored
(sufficiently high) price to encourage developevigh a guaranteed offtake price for a
fixed period. The “competitive tendering” approaaopted facilitated development of
lower cost bioenergy projects, such as landfill gad animal wastes. However, a large
proportion of the contacted projects were neveltas contracts were awarded upon
reaching a relatively low success hurdle.
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12.6.2 Impact of Green Certificates

A first look at the development of electricity pradion from biomass would suggest that
the Renewables Obligation is an effective mearnmahoting investment in bioenergy
given that since its introduction in 2002, the kdiamass accountable for electricity
production greatly increased as Table 12.2 showseder this opinion is not felt by all
stakeholders who feel that the renewables obligasainjust in the way it allocates a
common price for all types of electricity, when én@rgy is notoriously more onerous
than wind power for example. Furthermore, the ivistaature of the renewables
obligation and the way in which it has undergonangjes since its introduction may
indeed render it less effective since investors feala lack of confidence due to its
continual modifications. The seemingly initial sass of the Renewables Obligation as
regards biomass may be due to the eligibility efidng, which is set to change and thus
the RO may be less effective for biomass instalteti

Despite this, the effects of the Renewables Obbigadre beginning to become apparent.
At present, looking at 2004 one could conclude bina¢nergy from wood and wood
wastes, municipal waste and biogas (all of whiehcanrently eligible for ROCs) has
increased since the introduction of the Renewabldggation. The statistics in Table 11
show that the generation of electricity from biogyehas increased considerably in
2004, and capacities have also increased espebialigs installations. This may be
down to the eligibility of certain biogas instaltats to receive ROCs. The eligibility of
co-firing will also have brought about bioenerggtadlations. The rise in bioenergy
installations thanks to co-firing may be noticedibten before the 2 year lead time, as the
facilities are quicker to consruct. This certaihblds for installation capacities which
have increased slightly in 2003, possibly due titagh of biomass fuel in standard
combustion plants. It is thus important to notd tha growth of bioenergy installations
caused by the implementation of co-firing planttl lae threatened once eligibility rule
changes come into effect in 2009. This issue tlmestipns the Renewables Obligation;
recent promise may be challenged once co-firinteigible for ROCs, and installations
from bioenergy may cease to increase. This suggestpolicy is more effective if it is
long term, as short term or erratic policies theaahe confidence in an instrument and
distort the scope of effectiveness.

12.6.3 Impact of Lack of Bioenergy Obligation

Although Table 12.2 shows that biomass installaimereased slightly in 2004, it must
be noted that this increase is only slight and esrrently stands the Renewables
Obligation seems to be more successful in promatimg power installations rather than
bioenergy.

The lack of banded obligation in the United Kingdoray explain the weak development
of bioenergy. Although the Renewables Obligatiohgas electricity suppliers to supply
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a given percentage of their electricity from renblgasources, it does not specify from
which source. This is why some forms of renewaldetgcity are growing more rapidly
than others; because the Renewables Obligatiocaédie one price for all types of
renewable electricity, thus the less establishedr®rgy industry is not enticing as much
development as other forms of energy. It has beend that policy instruments that
oblige the take up of bioenergy have indeed hetedribute to the growth of this
industry. Fixed prices used elsewhere in Europarenat electricity from bioenergy
installations will have a long term buyer. In thaitéd Kingdom, the lack of obligation
means that bioenergy installations cannot get ph@npermission nor finance because
suppliers are not required to take their elecyrick lack of obligation means that
bioenergy is forgone for other more convenient syperenewable electricity, and this
may explain why bioenergy in the UK is developin@alower rate than its European
counterparts.

12.6.4 Impact of Investment Subsidies

Investment subsidies in general have been criticigea means of promoting the
diffusion of renewable energy because they ardyratdficient, and although they help
bring down costs they are unable to sustain long Bonomic support for a project.
Investment subsidies are thought to distort biogynerstallations because they do not
encourage a learning curve of efficiency as otlodicp instruments may do (such as a
declining ROC value, or digressive fixed pricegrtRularly in the case of bioenergy
however, investment subsidies are found to be maate. The uniqueness of bioenergy
explained in section 3 describes how a countrytlileeUnited Kingdom who does not
have a large forestry industry or tradition of carsting biomass, required incentives to
cultivate its own biomass fuel. Given that the adlyeof wood and wood waste has not
increased greatly, and bioenergy developers akerngegnported biomass as a way of
fuelling bioenergy plants, it would be fair to dawat the investment subsidies available
for the growth of biomass are inadequate. Forumirg that does not have a strong
natural tendency towards the use of bioenergg,paramount that support for the growth
of biomass fuel is sufficient and reliable. Othessyiit is impossible to establish a home
market that provides for bioenergy plants.

Looking at the capacity from wood and wood wasggdltations, there is not much
activity. Although there is a very gradual growifere is rarely a period of substantial
growth. The slight jump from 1999 to 2000 may bantks to the series of investment
subsidies that were introduced from 1998 onwares &ble 12). Investment subsidies
would have helped cover capital costs and possidlly purchase fuel supply.

Although installations of wood and wood waste bergly plants have not increased to a
great degree, generation from this type of bionmassgreatly increased since the year
2000. This is because UK bioenergy plants aremngrto imported fuel to operate their
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plants. This instantly suggests that there is figaht incentives in the UK to encourage
the growth or harvest of biomass material.

12.6.5 Impact of Carbon Tax

The Climate Change Levy has almost certainly stitea interest in the development of
renewable installations, although it is unlikelgtlt has been effective on its own, as its
value to developers is relatively small. It is mbkely that the increase in installations
shown in table 12.2 in the 2 years following itg@duction in 2001 are due to projects
contracted under NFFO still coming on line.

The UK’s carbon tax has been criticized for itegéd short term nature. It is thought
that it was introduced as a short term measuraitorgvenue to support renewable
electricity. A longer term carbon tax, which is uégyly increased may divert more
investment towards bioenergy.

12.7 Summary of the Effectiveness of Policy Instrum  ents in the
UK
Strong obligation which requires suppliers to sy@pkpecified but reasonable

percentage from bioenergy should be effective dmmdries that do not have an
established bioenergy industry.

Investment Subsidies are effective in bringing skenm costs down, but do not
encourage the correct learning curve of efficietinat is required in a new industry like
bioenergy.

For a country with limited biomass fuel supply, @tment subsidies are required to
establish and maintain the growth of biomass. Thisisly must be of a generous amount,
and must be long term.

For taxation to be effective, it needs to be laerg

Trading Certificates do stimulate activity in bieegy, however the obligation may need
to be weighted to promote bioenergy specifically.

Trading certificates are effective for promotingfatng of biomass since it is a more
accessible way to use biomass.
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13. Biofuels for Transport in the UK

The UK’s implementation of environmental policy cenning biofuels was introduced
marginally later in comparison to its European deyparts. Indeed, biofuels was
recognised in the UK’s 2003 White Paper on ‘Ourrggd-uture’ as being an important
contributor to the future energy plan. Policy instients to promote the use of biofuels in
the transport sector have thus come about justdeiad indeed after the 2003 Energy
White Paper.

More precisely, the UK is particularly interestadeixploiting bioethanol and biodiesel
production frombiomasgrather than from food crops, due to the largeb@arsavings
and rural employment benefits involved.

13.1 Policy Instruments for Biofuels for Transport

2002 Tax Exemption
2002 Tax Break
2005 Tax Exemption

13.1.1 Tax Exemption: 2002

In 1995, the Hydrocarbon Oil Duties Act 1979 wateexled to include mineral fuel
substitutes such as biofuels in order to prevenlasses from the state. The inclusion of
biofuels in this act in 1995 provided no incentige biofuels. However, due to the
pressure of small entrepreneurs and the EU BiolDebctive, partial tax exemptions
were finally given to biodiesel and then later todthanol. This occurred in July 2002 in
which a duty exemption of 20p per litre (approxietat0.30 euros/l) was given for
biodiesel. This was a fairly low tax exemption tlmmy the cheapest biodiesel was
brought to the market, such as those from wastetabte oils. However, when this
reduced tax is taken into account with the reductibthe amount of Value Added Tax,
the reduction of taxation enjoyed is almost 0.3®syer litre.
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13.1.2 Tax Break: 2002

A new legislation was passed in 2002 to abate vadiged tax paid for biofuels. In order
to promote the diffusion of the use of biofuel, @vernment has helped bring down the
costs associated with biofuel, making it more ativa to investors and consumers alike.
The tax payable on biofuels has been brought doam .7.5% to 5%.

13.1.3 Tax Exemption: 2005

A duty tax exemption for bioethanol came in foreceJanuary 2005. In this case it was
mostly importers of biofuels from Brazil that engalthe benefits. This duty exemption
was to apply from 2005 to 2008.

13.2 Biofuels Penetration in the United Kingdom
From July in 2002, 2.7 million litres of biodieseére sold.

In 2003, 19.5 million litres were sold which wagampximately 0.04% of road transport
fuels.

In 2004, 21 million litres, and from January to M&305 approximately 10 million litres
were sold.

Source of data: Thuijl, E and Deurwaarder, E.P 62@8uropean Biofuels in
Retrospect. ECN. Energy Research Centre of theeNatids. Petten.

13.3 Impact of Policy Measures

Instantly it is clear that the reduction of theusbdded tax paid on biofuels has helped
boost this industry. It is difficult to tell if .amost recent policy concerning duty tax
exemption will further advance this industry, simegorts of biofuels will become more
economic.

It is also worth noting that the present tax regmeans that it is financially worthwhile

to export biodiesel manufactured in the UK to otBaropean countries for sale and
onward use. This illustrates one potential advant#g European wide tax position on
biofuels. There is already a quota for supply isgzbat European level and this could be
further strengthened with a European level tax.
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