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1 Purpose of the report

The following report has been prepared in the frame of the Interreg IVB project Bioenergy Promotion which is coordinated by the Swedish Energy Agency involving 33 partners from the Baltic Sea Region (BSR) including Norway. The document has been prepared in the frame of Work Package 3 (Policy). The main rationale of this work package is to support the development of coherent national and (sub)regional policies promoting the sustainable production and consumption of bioenergy. 

The purpose of this country policy assessment report is to describe the main promotional policies and support schemes for bioenergy and to assess to what extent national policy frameworks including the National Renewable Energy Action Plans (NREAPs) contribute to Sustainable Development and integrate related sustainability principles and criteria. This assessment takes into account the 

a) binding sustainability criteria for transport biofuels/bioliquids contained in the Renewable Energy Directive (RED),
b) the non-binding criteria/recommendations contained in the European Commission’s report COM (2010)11 regarding sustainability requirements for solid and gaseous biomass used in electricity, heating and cooling,
c) the sustainability principles and criteria developed for the BSR in the frame of Bioenergy Promotion, particularly those which are not covered by the RED (e.g. resource efficiency, energy efficiency).

The report concludes with a brief summary of policy needs and recommendations.
2 Status quo of bioenergy use and biomass potentials in Sweden
2.1 General context

Energy use consists of the total final energy use in various user sectors, energy losses, the provision of fuels for foreign maritime and aviation transport, and the use of energy materials for non-energy purposes. The total energy use in 2010 amounted to 616 TWh (Figure 1 and Figure 2).
The use of biofuels, peat and waste (MWS) in the Swedish energy system has increased over the years, from a little over 10 % of total energy supply in the 1980s to 23 % (141 TWh) in 2010 (Figure 1 and Figure 2). These fuels are used mainly in the forest products industry, in district heating plants, for electricity production and for heating of residential buildings. Most of the increase in the use of bioenergy has occurred in industry and for district heating, although use is also increasing in the residential and transport sectors.

Demand for especially solid biofuels has been increasing in Sweden since the 1970s because of the multiple benefits of bioenergy / biofuels and the government’s push for increased utilization of this energy source. 

A number of factors have contributed to the success of biomass based energy in Sweden, including historical drivers and government policies. An important factor has been an early introduction of district heating in Sweden. This development started in the late 1940s. In addition, this development has made it possible to introduce CHP production later on.

Sweden possesses large forest resources and has a long history of large-scale, active, sustainable forest management. This fact together with the forest industry development have given incentives of large flows of raw materials incl. wood- and by-products for energy

As a result of the oil crisis in the 1970s and 1980s, biofuels began playing an increasingly important role in the transformation of the Swedish energy sector. 

Throughout the 1970s, public policy became increasingly supportive for bioenergy as a domestic, sustainable and less greenhouse-gas-intensive source of energy, although concerns about environmental sustainability continue to be raised from time to time.

In the beginning of 1990s, concerns about climate change became one of the principal drivers for the development of bioenergy in Sweden. The Swedish government introduced a carbon dioxide tax on fossil fuels used for heat and transportation in 1991 (cf. sub-chapter 4.2.9). This tax accelerated the on-going transformation in the Swedish energy sector, which to this day continues to move away from fossil-fuel energy sources for heating and electricity generation in favour of biofuel-based application.

Currently, a large share of solid biofuels is forest-based (directly or indirectly). These are derived from by-products from industrial processes, such as logging residues, damaged round wood obtained from clear fellings and thinnings and residues from primary and secondary manufacturing such as black liquor from pulp mills and sawdust and bark etc. from sawmills.
Figure 1. Total energy consumption 616 TWh in Sweden in 2010
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Source: Swedish Energy Agency (2011)
Figure 2. The total energy supply 1970-2010 in Sweden, TWh
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Source: Swedish Energy Agency (2011)

A growing percentage of wood biomass is collected as slash from forest harvesting operations. Slash includes the tops, branches and bark of trees, none of which are currently utilized by the lumber or pulp and paper industries, and which thus currently have no other industrial value. In addition to the collection of slash, other sources of biomass include pre-commercial thinning of small-diameter trees, harvesting of stumps, and whole-tree harvesting. While all of these biomass sources are currently utilized, increasing demand for forest-based biomass to fuel the growing bioenergy industry is causing a growing need for whole-tree harvesting (WTH)
.

In Sweden, the practice of WTH began in the early 1980s and developed at an irregular pace throughout the decade. After the carbon tax was introduced, and wood collection and extraction techniques became more established, use of WTH began increasing and has been steadily growing in recent years. Whole-tree harvesting is now relatively common in southern Sweden, and is growing in the north. To compensate for the WTH’s significant additional extraction of nutrients and substances that buffers acidity caused by growth, ash recycling is recommended by the Swedish Forest Agency. It is practised at an increasing level (ca 5,000 ha in 2005 -> ca 10,000 ha/yr in 2009), paid by certain responsible power plants.

2.2 Bioenergy production and use 

The total energy supply was 616 TWh in Sweden in 2010. The current renewable energy share of the energy supply (biofuels excl. peat, hydro power, wind power and heat pumps) is about 47% for 2010. ´

The production of electricity by using biofuels and even wind power has increased during the recent years. The production of bio electricity is now about 16 TWh. It is mainly produced at combined heat and power production units connected to district heating systems and within the forest industries. A major part of this electricity is produced by fuels originating from the forests or the forest industries.

The use of biofuels in the transport sector was about 5 TWh (4%) of the total 124 TWh in 2010.
The energy consumption in the residential and service sectors was about 166 TWh in 2010, whereof direct use of biofuels was 19.5 TWh and of district heating was 53 TWh. 
The corresponding energy consumption in the industrial sector was about 152 TWh, whereof direct use of biofuels was about 58 TWh and of district heating was about 7 TWh. 
In 2010, the total biofuel supply was 141 TWh, whereof ca 3-4 TWh was peat and ca 3.0 TWh originated from arable land (Salix wood chips, grain as fuel, grain as raw material for ethanol production, oilseeds as raw material for FAME production, straw, biogas, etc.). The use of municipal solid waste (MSW) was about 12 TWh. In addition, about 5 TWh liquid or gaseous biofuels were used in the transport sector. All the rest came directly or indirectly from the forest or the forest industries, whereof about 15 % from abroad.

Biomass imports and exports

Different biofuel raw materials are imported to Sweden, but these cannot be reported separately, apart from pellets and certain by-products included in the annual official forestry statistics. There are also so-called ’indirect imports’, i.e. the forestry industry importing round wood for forestry industry purposes. When round wood is processed, whether it is processed in saw mills or processed for pulp, by-products will be generated that can also be used for energy purposes. 
According to Pellet Industry Association (PIR) about 2 TWh pellets were imported 2010. The total market volume was 11 TWh 2010.

Biomass use

In table 1 a summary of used biomass for energy purposes by origin is presented. This information refers to Swedish National Renewable Energy Action Plan (NREAPS) submitted in 2010 to the Commission together with other MS. Information describes the situation in the year 2006. It is not possible at this stage to use newer information (concerning 2009 / 2010) according to Article 22 reporting. This update of the Swedish NREAPS is not yet officially submitted. 
Table 1. Use of biomass in 2006
	Sector of origin
	2006

	
	Estimated amount of domestic resource

(1,000 tons of dry matter).
	Net amount

considering imports and exports
(1,000 tons of dry matter).
	Primary energy production

(ktoe)

	Direct supply of wood biomass from forests and other wooded land for energy generation

	Total
	5,120
	5,120
	2,045

	Indirect supply of wood biomass for energy generation

	Total
	17,831
	18,052
	6,160

	Agricultural crops and fishery products directly provided for energy generation

	Total
	258
	1,160
	423

	Agricultural by-products/processed residues and fishery by-products for energy generation

	Total
	327
	327
	194

	Biodegradable fraction of municipal solid waste including biowaste and landfill gas
	
	
	

	Total
	918
	968
	357

	Biodegradable fraction of industrial waste (including paper, cardboard, pallets)
	

	Total
	873
	948
	329

	Effluent sludges, biogas
	
	
	

	Total
	276
	276
	78


Source: National Renewable Energy Action Plan of Sweden, Table 7 (Regeringskansliet 2010)
2.3 Biomass potentials

Cereals are used to produce energy in Sweden both for the production of ethanol and are also used for small-scale firing. The production of ethanol from cereals more than tripled between 2006 and 2009. The area used to produce domestic raw material for the production of ethanol was approx. 7 % of the total area used for cereal production in Sweden 2009. About 10 % of the feedstock was imported.
Salix is the only commercially-grown energy crop in Sweden (approximately 12,000 hectares). Other energy crops (such as reed canary grass, hemp, etc.) are grown for test purposes (area is less than 2,000 hectares).
In 2006, ca 70,000 ha of farmland (ca 2 %) was used for production of biomass solely or partly for energy purposes (Table 2). Straw was extracted on ca 30,000 ha. This area has not increased until 2009. 
Table 2: Agricultural land use for production of dedicated energy crops (in 2006)

	Land use
	Area (ha)

	Land used for short rotation trees (Salix)
	14,000

	Land used for other energy crops such as grasses (reed canary grass, hemp, grasslands)
	1,000

	Land used for growing cereals (oats) for burning purposes
	5,000

	Land used for growing cereals (wheat) for production of ethanol
	25,000

	Land used for growing oilseeds for the production of RME
	25,000

	Land from which straw is extracted for combustion 
	30,000


Source: National Renewable Energy Action Plan of Sweden (NREAPS, 2010), Table 8.

The further potential for energy crop production on farmland is partly dependent on the development of general agricultural policies since traditional crops compete with new energy crops. Support for biogas production (from 2010) will likely increase the utilization of by-products and residues from agriculture and the food industry with some TWh per year.

The further potential for biomass extraction from domestic forests includes not-yet harvested branches, tops and stumps at clear-fellings and thinnings, altogether amounting to ca 40-50 TWh. 
If the demand for biomass increases (especially for energy purposes), there would be a competition for low-quality stem wood (pulpwood). Since there is a general decrease in demand for paper in the world relative the supply, this may not be a problem, especially not if the market for further refined/densified high-value energy products using woody biomass as raw material would grow. 
If demand for woody biomass increases, more effort will be made by forest owners to care for and increase forest growth. It is also estimated there will be an increase due to “historic” improvements of silviculture with better regeneration during later decades. Also climate change is most likely slowly acting in favor of bulk biomass production in the Nordic region. In prognoses made for the Swedish forest yield development, an increase of around 1 Mm3/yr is predicted for the coming two-three decades (i.e. about + 2 TWh).

According to the Swedish NREAP (NREAPS), the extraction of forest residues (branches, tops and stumps) can be further increased as the demand for biofuels increases. 
A new fuel source that may become available if the price of wood fuels rises is the removal of whole trees from land clearances and early first thinnings. 
It is important for biodiversity that forestry is conducted so that sufficient quantities of dead wood are left at site and valuable biotopes are left untouched. The biological usefulness of dead wood is determined by the type of wood, age of wood and where and when it is left at site. The extraction of logging residues, stumps, small trees, etc. can be increased in conjunction with leaving suitable types and sufficient quantities of dead wood at site. 
Forestry can also promote generally increased forest growth through measures including the use of sufficiently dense regenerations, increased land clearances, fertilizing and by using better plant material. All these measures could provide future opportunities for increased forest growth and therefore increased cutting opportunities giving more woody biomass for different purposes in the future.
Figure 3. Wood use in the Swedish forest sector
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Bioenergy strategies, targets and action plans

2.4 Key policy actors in the field of bioenergy

In this sub-chapter we briefly describe the key policy actors in Sweden in the field of bioenergy
.
The Ministry of Enterprise, Energy and Communications (Näringsdepartementet) is responsible for proposals on the regulatory framework that implements the Government’s energy policy. The department is also in charge of the Swedish Energy Agency (Energimyndigheten), the Swedish Power Grid (Svenska Kraftnät), the National Electrical Safety Board (Elsäkerhetsverket) and the Energy Markets Inspectorate (Energimarknadsinspektionen). Furthermore, it bears responsibilities for the Swedish Electricity Act (ellagen), the regulatory framework of the electricity certificate scheme and the sustainability criteria.
The Ministry of the Environment (Miljödepartementet) is responsible for the formulation of environmental policies. The main environmental legislation is contained in the Swedish Environmental Code. 
The Ministry of Finance (Finansdepartementet) is responsible for proposals regarding laws on taxes. The department is in charge of the county administrative boards, and responsible for Government contact with the municipalities.

The Swedish Energy Agency (Energimyndigheten) is the public authority responsible for issues regarding the use and supply of energy and energy statistics. It works towards efficient and sustainable energy consumption and towards a rational supply, conversion, distribution and consumption of energy, it coordinates the work of restructuring the energy system and works towards an increased consumption of renewable energy sources. The Swedish Energy Agency is responsible for the implementation of state aid for measures for the generation, distribution and use of biogas and other renewable gases, for aid for solar photovoltaic cells and for the market introduction of wind power. The agency is also responsible of the Swedish part of EU-ETS, the electricity certificate system (green certificates), sustainability criteria for liquid biofuels and certain bioliquids and Guarantees of origin.
The responsibilities of the Ministry of Rural Affairs include, inter alia, agriculture and environmental issues relating to agriculture, horticulture, 

welfare" 
animal welfare
, foodstuffs, as well as 

education" 
higher education
 and research in the field of agricultural sciences. It is principal for a number of government agencies including the Swedish Board of Agriculture, and the Swedish Forest Agency.
The Swedish Board of Agriculture (Jordbruksverket) follows, asseses and keeps the Government informed of developments within the Board’s area of responsibility, collaboration, overall planning, regulation and other matters of strategic importance regarding the management of aid to farmers. It manages the Swedish Rural Development Programme and implements the Common Agricultural Policy and national policies concerning rural affairs in Sweden.
The Swedish Forest Agency (Skogsstyrelsen) is the national authority in charge of forest-related issues. Its main function is to promote the management of Sweden's forests in way that enables to achieve the objectives of forest policy. The forest policy places equal emphasis on two main objectives: production goals and environmental goals. As the administrative body in charge of implementing the forest policy, the agency cooperates with representatives from the forest industries and the environmental sector towards the goals of economically and ecologically sustainable forestry. 

Regional authorities and county administrative board work towards national targets having an impact at the county level and taking into consideration regional targets and requirements. The county administrative board works cross-sectorally from a governmental overall perspective and within the authority’s area of responsibility it coordinates different public interests and governmental authority initiatives, including information regarding sustainable community planning and housing, energy and climate.
Local authorities and municipalities are responsible for spatial planning, building permits, and supervisory duties within the area of the environment.
2.5 Bioenergy targets, strategies and action plans

The Swedish Parliament (Riksdagen) has, at the suggestion of the Government, decided that the proportion of renewable energy in 2020 shall be at least 50% of the total energy usage. This means that this national overall target is one percentage point above the binding national target in accordance with Directive 2009/28/EC.
The Swedish Parliament has also adopted a target for the transport sector of a minimum of 10% renewable energy (2020) in accordance with the Renewable Energy Directive. In addition to the 2020 target, the Government has the long-term ambition (2030) that Sweden should have a vehicle fleet that is independent of fossil fuels and with no net emission of greenhouse gases into the atmosphere.

In the Swedish NREAP, the Government emphasized that the share of renewable energy consumption in the electricity sector should be at least 63% by 2020. The respective shares in the heating and cooling sector should be at least 62% by 2020. Furthermore, it is the opinion of the Government that the share of renewable energy consumption in the transport sector, using the calculation method specified in the Directive, must be at least 14% by 2020.

However, the Swedish Parliament has adopted a target for increasing electricity generation within the electricity certificate scheme by 25 TWh for 2020 compared with 2002
.
Table 3. Expected contribution (gross electricity production) from renewable energy technologies to meet the 2020 targets and follow the indicative trajectory for the shares of energy from renewable resources in electricity2005-2020 (GWh)
	
	2005
	2010
	2015
	2020

	Hydroelectric power
	68,421
	68,210
	68,140
	68,000

	Geothermal energy
	-
	-
	-
	-

	Solar energy (PV)
	0
	1
	3
	4

	Tide, wave and ocean energy
	-
	-
	-
	-

	Wind
	939
	4,793
	8,646
	12,500

	Biomass
	7,571
	10,632
	13,693
	16,754

	Solid
	7,452
	10,513
	13,574
	16,635

	Biogas
	53
	53
	53
	53

	Bioliquids
	65
	65
	65
	65

	TOTAL
	76,931
	83,635
	90,482
	97,258

	Of which in cogeneration
	7,571
	10,632
	13,693
	16,754


Source: Ministry of Enterprise, Energy and Communications 2011.

Table 4. Expected contribution (final energy consumption) from renewable energy technologies to meet the 2020 targets in heating and cooling2005-2020 (ktoe)

	
	2005
	2010
	2015
	2020

	Geothermal (excluding low temperature geothermal heat in heat pump applications)
	-
	-
	-
	-

	Solar energy
	6
	6
	3
	4

	Biomass
	7,013
	7,817
	13,693
	16,754

	Solid
	6,992
	7,800
	13,574
	16,635

	Biogas
	21
	17.5
	53
	53

	Bioliquids
	65
	65
	65
	65

	Renewable energy from heat pumps
	0
	349
	
	

	TOTAL
	7.084
	8,237
	90,482
	97,258

	Of which district heating
	2,505
	2,717
	13,693
	16,754

	Of which domestic biomass
	1,043
	1,089
	
	


Source: National Renewable Energy Action Plan of Sweden, Table 11. (Regeringskansliet 2010)
Table 5. Expected contribution from renewable energy technologies to meet the binding 2020 targets in the transport sector (ktoe)

	
	2005
	2010
	2015
	2020

	Bioethanol/bio-ETBE
	144
	251
	358-
	465-

	Of which biofuel from (RED, Article 21 (2)
	0
	0
	0
	0

	Of which imported
	117
	140
	185
	292

	Biodiesel
	9
	89
	170
	251

	Of which biofuel from (RED, Article 21 (2)
	0
	0
	0
	0

	Of which imported
	0
	0
	0
	0

	Hydrogen from RES
	0
	0
	0
	0

	Renewable electricity
	121
	147
	173
	198

	Of which road transport
	0
	3
	6
	9

	Of which non-road transport
	121
	144
	167
	190

	Others (e.g. biogas, vegetable oils etc.)
	13
	40
	67
	94

	Of which biofuel from (RED, Article 21 (2)
	13
	40
	67
	94

	TOTAL
	288
	528
	768
	1,008


Source: National Renewable Energy Action Plan of Sweden, Table 12. (Regeringskansliet 2010)
The forecasts show that the proportion of renewable energy in relation to the total final energy consumption is expected to be 50.2% in 2020. The Swedish Government therefore predicts that it will have a surplus of approximately 1.2% in 2020. In energy terms, this surplus corresponds to approximately 5.6 TWh (486 ktoe), but the surplus does lie within an uncertainty interval. The relative contribution from each sector will depend on the effectiveness of involved climate and energy policies. However, expected contributions can be found in Tables 3-5 and the appendix.

In its NREAP, the Swedish government points out to the following uncertainty factors associated with the forecast:

· The introduction of sustainability criteria for solid biomass bears the risk of increased administrative burdens due to which small operators within the forestry industry might refrain from certifying the biomass fuel as sustainable. This would mean that even if the fuel did fulfil the requirements, it would not be included in the achievement of the target. 

· One factor that could have an influence on future energy consumption is the financial crisis. This prediction shows an increase in energy consumption in real terms of approximately 14% between 2005 and 2020. A smaller increase in energy consumption as a consequence of increased investment in the area of energy efficiency would have an effect on Sweden’s proportion of renewable energy. 

· The economic development within the paper and wood pulp industry. Reduced activity within this sector which represents a large share of the total biomass consumption would have a negative impact upon Sweden’s share of renewable energy.
The most important existing policy tools to achieve the RES targets are the carbon dioxide tax, the mandatory share of renewable electricity production and the EU Emissions Trading System (EU ETS). More information about those promotional policies is found below in the text. 
In order to achieve the national target, the Government has put forward a number of proposals, including the further development of the electricity certificate scheme for renewable electricity generation.
· The previous target for new renewable electricity (i.e. to effect an increase of 17 TWh between 2002 and 2016) has been revised and a new target for an increase of 25 TWh by 2020 has been decided on by the Swedish Parliament.

· The Swedish Parliament has, at the suggestion of the Government, reached a decision on government bill Genomförande av direktiv om förnybar energi (Implementation of the Directive on Renewable Energy) (Government bill 2009/10:128) and Hållbarhetskriterier för biodrivmedel och flyttande biobränslen (Sustainability criteria for biofuels and bioliquids) (Government bill. 2009/10:164). Both of the government bills contain measures to implement the Directive on the promotion of the use of energy from renewable sources (2009/28/EC).

· The government bill, Genomförande av direktivet om förnybar energi (Implementation of the Directive on Renewable Energy), contains legislative proposals that aim to implement the provisions of the Directive with regard to guarantees of origin and access to and operation of the electricity and gas grid. The government bill Hållbarhetskriterier för biodrivmedel och flyttande biobränslen (Sustainability criteria for biofuels and bioliquids) (Government bill 2009/10:164) contains legislative background to implement the provisions of the Directive with regard to sustainability criteria.
· The Government’s view in the government bill Genomförande av direktivet om förnybar energi (2009/10:128) (Implementation of the Directive on Renewable Energy) is that what a fossil fuel independent vehicle fleet actually entails should be put into concrete terms. Furthermore, the link between the national target of at least a 10% share of renewable energy consumption in the transport sector by 2020 and the vision for 2030 should be analysed. Using this analysis as the starting point, we will need to consider how the efforts to fulfil these objectives can be most effectively coordinated.
· The Government’s action plan includes both tax proposals and targeted initiatives. The Government believes that a prerequisite for quickly increasing the use of biofuels and at lower costs is to increase the opportunities to blend biofuels with petrol and diesel. The Government is keen to implement the EU’s new fuel quality directive that will allow up to 10% ethanol to be blended with petrol and 7% FAME to be blended with diesel oil.

Sweden plans to reach its 2020 targets domestically. Moreover, Sweden and Norway are planning to develop a joint support scheme by creating a joint green electricity certificate market from the first of January 2012. In addition, a large share of biofuels and raw materials for biofuels are to be imported (as they are today). This seems at least slightly contra-dictionary with the goal to reach the 2020 targets purely domestically.

The Swedish Parliament also decided that a target of 20% increase in the efficiency of energy usage should be set for 2020. The target is expressed as a cross-sectoral target for reduced energy intensity of 20% between 2008 and 2020. 

Table 6 illustrates how the Swedish government expects primary energy production from biomass in 2015 and 2020.

Table 6. Primary energy production from biomass in 2006, expected production in 2015 and 2020

	Sector of origin
	2006

	2015
	2020

	
	Expected amount of

domestic resource

in 1,000 tons dry matter
	Primary energy production

(ktoe)
	Expected amount of

domestic resource

in 1,000 tons dry matter
	Primary energy production

(ktoe)
	Expected amount of

domestic resource

in 1,.000 tons dry matter
	Primary energy production

(ktoe)

	Direct supply of wood biomass from forests and other wooded land for energy generation
	5,120
	2,045
	6,166
	2,463
	6,819
	2,724

	Indirect supply of wood biomass for energy generation
	17,831
	6,160
	19,558
	6,665
	20,210
	6,904

	Agricultural crops and fishery products directly provided for energy generation
	258
	423
	693
	288
	867
	374

	Agricultural by-products/processed residues and fishery by-products for energy generation
	327
	194
	100
	34
	100
	34

	Biodegradable fraction of municipal solid waste including biowaste and landfill gas
	918
	357
	1,353
	493
	1,768
	637

	Biodegradable fraction of industrial waste (including paper, cardboard, pallets)
	873
	329
	787
	270
	1014
	348

	Sewage sludge
	276
	78
	576
	163
	767
	217


Source: National Renewable Energy Action Plan of Sweden, Table, Table 8. (Regeringskansliet 2010)
Future biomass imports

According to the Swedish Forest Agency, the most recently reported import statistics for forestry products (roundwood and bio products) show that approximately 50% of the raw materials are imported from the Baltic States, approximately 40% from Finland, Norway and Russia (a third from each country) and approximately 10% from other EU Member States. It can be assumed that wood fuels/wood biomass will be imported from the same countries in the future. Imported round wood is primarily used in industry (for industrial purposes), but various by-products are generated in different parts of the production chain that can be used for the production of energy. 

The import of pellets amounts to 1.7-1.8 TWh (2006-2008), which corresponds to approximately 20% of the Swedish market. It is assumed that the import proportion will remain unchanged until 2015 but will increase to 25% in 2020. 

Ethanol, RME and rapeseed oil are imported. The imported ethanol comes from Brazil (sugar cane ethanol) and from EU Member States (cereal, sugar beet and vine ethanol). The imported RME/rapeseed oil comes primarily from other EU Member States. Certain bio-oils are also imported but cannot be reported by origin. It is assumed that these are included in the quantity of domestic resources.

Certain imports of waste are assumed to occur in 2015 and 2020. Waste is currently imported from countries including EU Member States and Norway. It is assumed that the import of waste will be approximately 23% in 2015 and 16% in 2020. The NREAP assumes that one half of the waste comes from EU Member States and the remainder from countries outside of the EU.

3 Policies promoting sustainable production and use of bioenergy

3.1 Binding minimum sustainability requirements for bioenergy

3.1.1 Binding EU sustainability criteria for biofuels and bioliquid

The binding EU sustainability criteria for biofuels and bioliquids defined in the Renewable Energy Directive (RED) 
 have been transposed into national law and are presently implemented. During spring 2010, the Parliament approved a new law governing the sustainability criteria for biobased motor fuels and for liquid biobased fuels. In addition, decisions have been taken concerning changes to the Act (2003:113) Concerning Electricity Certificates and to the Act (1994:1776) Concerning Tax on Energy, in order to bring them into line with the directive’s requirements for sustainability criteria.

The Act on Sustainability Criteria (Lagen om hållbarhetskriterier), contains the sustainability criteria of the RED, a system to verify the fulfilment of the criteria and a method for calculating reductions in GHG emissions. The new law also contains provisions on reporting obligations for distributors and end users of biofuel and bioliquids. The statutory reporting obligation means that operators must report the delivered or used quantity of biofuel and bioliquids that fulfils the criteria and show that this quantity fulfils the criteria. The reporting obligation applies to fuels that are produced nationally, introduced from another EU country or imported from third countries.

The regulatory authority for the Act on Sustainability Criteria is the Swedish Energy Agency. The regulatory authority for the (Act concerning Electricity Certificates) is the Swedish Energy Agency and for the Act concerning Tax on Energy is the Swedish Tax Agency.
Verification of compliance is suggested to be secured through monitoring – mainly already existing but aggregated and presented in required sets - control by independent bodies, mainly certifying organisations and authorities other than the one responsible for compliance.

The statutory reporting of information under Act on Sustainability Criteria will create a data register of the delivered and used quantities of biofuels that fulfil the sustainability criteria. This information will in conjunction with the calculation of national target fulfilments be combined with other statistical data from the official energy statistics. It will be ensured through the supervision under the Act on Sustainability Criteria that only biofuel and bioliquids that fulfil the criteria of the RED will be included in the national target fulfilments. The Swedish Energy Agency is responsible for the supervision. The Swedish Energy Agency is also responsible for official energy statistics.

In addition to this, there will be certain consequential amendments to the Act on Energy Tax and the Act on Electricity Certificates. The aforementioned government bill also contains legislative proposals within this area. Since the connection between tax reductions on renewable fuels and the fulfilment of the sustainability criteria is in certain regards dependent on the detailed ordinances regarding reporting and verification, the Government plans to return to this issue. Since this issue is the subject of continued consideration, the requirement that sustainability criteria must be fulfilled in order for the fuel in question to be entitled to tax relief will not be applied until 1 January 2012.

Under the Act concerning Tax on Energy the Act concerning Electricity Certificates a right to a reduction in tax and to an electricity certificate requires compliance with the sustainability criteria. 

The main problems regarding implementation of the RED requirements concerns the high administrative costs connected to meeting requirements for certification. At the same time the implementation of the Directive will not improve the environmental sustainability of Swedish bioenergy in any substantial way. Concerning biodiversity protection, national legislation and policies are more ambitious and detailed and climate and energy efficiency is secured through a general avoidance of subsidies and use of a high-enough carbon tax. Possibly, the Directive could help reducing the number of new drainage activities, although it was quite insignificant even before. (For more details cf. the Swedish NREAP, page 73-80).
3.1.2 Solid and gaseous biomass

The Swedish Government does not support binding sustainability criteria for solid/gaseous biomass used for electricity and heating/cooling.
3.2 Integration of sustainability requirements into national support schemes

3.2.1 Biomass mobilisation and supply from agriculture and agricultural by-products
Support schemes for agricultural activities are all part of the Common Agricultural Policy (CAP). These are the Single Farm Payments and the Swedish Rural Development Programme (Landsbygdsprogrammet). The latter provides support for rural projects concerning climate and renewable energy, in the form of special funds. Projects that aim to promote activities that increase the production and use of renewable energy in Sweden are at high priority.

Besides development projects concerning climate and renewable energy, the Rural Development Programme supports investments in planting of energy forests on arable land and investments in production or refining of biogas.

Investment support for planting energy forests on arable land are regulated by the Rural Development Programme and the Ordinance concerning Support for Rural Development Measures (Förordning (2007:481) om stöd för landsbygdsutvecklingsåtgärder).There is a target regarding perennial energy crops that an area equivalent to 30,000 hectares shall be planted during the programme period (2007-2013).

To be able to receive the single farm payments the applicant must fulfil the Cross Compliance Rules, which are based on several environmental regulations at the EU level
. These rules apply also for areas used for the production of biomass for energy purposes, including energy forests on agricultural land. The County Administrative Board is investigating all applications for support for the planting of energy forests and special consideration is taken to nature values and cultural values. 
The specific support for investments in biogas production gives high priority to biogas produced from manure. This is because the reduction of methane emissions in combination with the end product substitution of fossil energy is a really important measure for the reduction of GHG emissions from agriculture. In addition, the residue from the biogas process is an enhanced fertilizer compared to the original manure, which reduce nutrient leakage and thus emissions of N2O (see in more detail sub-chapter 4.2.8).
3.2.2 Biomass mobilisation and supply from unused arable and degraded land

About 500,000 hectares of agricultural land in Sweden is not being actively used. In addition there is an over-cultivation of pasture of about 100,000-200,000 hectares. The condition of the abandoned land is unknown and how large a proportion of this area that is suitable and available for cultivation cannot be stated with any degree of accuracy.
Sweden has only small areas of unused and degraded land, why there are no specific support schemes promoting biomass mobilisation from such land. Abandoned farmland is automatically transferred to forest after some years, both legally and practically, unless trees plants are actively cleared. Some decades back, the land owner was obliged to regenerate sufficiently when farming on that land ceased. Of various reasons this is not pushed anymore, although it is still the law. The Swedish Rural Development Programme includes investment aid for energy forests that applies to all arable land. It is administered by the National Board of Agriculture. The target as regards multi-annual energy crops is that an area equivalent to 30,000 hectares is to be planted during the period of the programme, 2007-2013 (cf. sub-chapter 4.2.1).
3.2.3 Biomass mobilisation and supply from forestry and forest-based industries

Biomass mobilization and supply from forestry and forest based industry is enhanced indirectly through the carbon tax on fossil fuels implemented in 1991, in due competition with other non-fossil energy. This has been the main driver behind the improved growth of bioenergy production and use over the last years (cf. also sub-chapters 4.2.9 and 4.5).
Within the Rural Development Programme for Sweden 2007-2013, financed by EU funds, new grants for forest owners and other forestry actors were developed in 2009. The In-service Training Grants scheme aims to support training in sustainable forestry to safeguard both socioeconomic and ecological aspects in forestry practices. It is administered by the Swedish Forest Agency. At present, there are one campaign on bioenergy and two on climate adaptation and mitigation running. 
The Forest Diversity Grants award financial compensation to forest owners carrying out actions that raise the ecological value of forest areas. The Hardwood Forest Grants provide financial compensation to forest owners that establish new hardwood forests.

The Government is funding research with the aim to increase the production of biomass in forests and secondly to develop and improve, from a technical/economic perspective, systems for managing forest residues (branches, tops and stumps). In the NREAP, the Government emphasized that from a sustainability perspective, the need to take into consideration biological diversity and the necessity to introduce ash re-cycling that is associated with an increase in the extraction of tree biomass such as forest residues (branches, tops and stumps).
Biomass mobilisation and supply from biodegradable fractions of municipal waste, industrial waste, sewage sludge

There are the following policy measures aiming to reduce the waste (household) to landfill and indirectly promoting the use of waste for bioenergy. 

· A landfill tax was introduced in 2000, currently at 435 SEK/tonne (~ €40).

· There is a tax on household waste to incineration. The tax is calculated based on an assumed standard content of fossil carbon (87 to 508 SEK/ton), depending on how much heat/electricity the plant generates. 

· There is a ban on landfilling organic waste (from 2005) and combustible waste (from 2002). 
· All municipalities must develop municipal/regional waste management plans, including all waste streams and measures for waste prevention.
· To stimulate source separation there are differentiated fees for municipal waste collection.

We refer to sub-chapters 4.2.5 to 4.2.7 which describe support schemes mostly indirectly promoting the mobilisation of the biodegradable fraction of waste.
3.2.4 Bioelectricity (including CHP)
Renewable electricity certificate system

On 1 May 2003, The Swedish Government introduced a support scheme based on renewable electricity certificates which replaced the previous aid scheme for renewable electricity generation. The renewable electricity certificate system (RECS) is a market-based support system to promote the production of electricity from renewable sources and from peat. The demand for such certificates is created by the fact that all electricity suppliers, and certain electricity customers, are required to buy certificates corresponding to a certain proportion (their quota) of their electricity sales or consumption. Electricity produced from the following renewable energy sources qualifies for certificates: wind power, solar energy, wave energy geothermal energy, certain biomass and certain hydro power. The overall objective is to increase electricity generation from such energy sources by 25 TWh from the 2002 level by 2020. 
Facilities that were commissioned after the introduction of the scheme on 1 May 2003 are entitled to an electricity certificate for fifteen years, but for a maximum period until the end of 2035. The amount of electricity certificates electricity suppliers have to purchase increases annually, which implies a growing demand for electricity certificates. On 1 April of each year the quota-bound suppliers submit electricity certificates for cancellation corresponding to their quota obligation.
The incentive to establish new facilities that generate electricity using electricity certificate eligible energy sources thereby increases. By selling their electricity certificates the producers of electricity from renewable energy sources receive an additional income from their electricity generation. In this way the scheme stimulates the expansion of electricity generation from renewable sources. 
The Swedish Energy Agency is the regulatory authority and the Swedish National Grid (Svenska kraftnät) is the authority in charge of keeping the accounts. The scheme is regulated by the Electricity Certificates Act (lagen (2003:113) om elcertifikat), the Ordinance on Electricity Certificates (förordningen (2003:130) om elcertifikat) and the Energy Agency’s administrative provisions and general guidance on electricity certificates (STEMFS 2009:3).

The RECS is not financed from the national budget. The additional income to producers that generate electricity from renewable energy sources is paid by the electricity consumers and is channelled to the producer via the electricity suppliers.

The scheme covers hydro power, wind power, solar energy, wave energy, geothermal energy, biomass as well as electricity produced in cogeneration plants using peat. The electricity certificate scheme is technology-neutral. However, electricity generation based on waste and certain bio oils does not confer eligibility.

According to the NREAP, the average price for electricity certificates was SEK 233 each, counted since 2003. During 2009 the average price of electricity certificates was SEK 293 each
.The average price for the period 2010-10-20 to 2011-10-20 was 256.13 SEK.
The RECS is a technology-neutral system that also promotes combined heat and power production using biomass. Biomass-based cogeneration has up to now provided the majority of the electricity production within the scheme. Electricity production that qualified for green electricity certificates amounted to 15.6 TWh in 2009: 62.7% was from biomass fired plants, 16.0% from wind plants, 15.7% from hydro plants, 5.6% from peat fired plants (ECOFYS et al. 2011).
The Act No 2010:598 on Sustainability Criteria for Biofuels and Liquid Biofuels stipulates that a producer using bioliquids is eligible to be awarded with certificates only if the bioliquids comply with the sustainability criteria of the RED. This provision is effective since 1 January 2011.

Under the scheme, there are no energy efficiency requirements for biomass plants. The renewable electricity certificate system does not differentiate in favour of installations that achieve high energy conversion efficiencies, such as high efficiency cogeneration plants as defined under the Cogeneration Directive. In this system, however, it is the cheapest new renewable that reach production, and renewable electricity plants with high efficiency are normally more competitive than plants with low efficiency. All bioelectricity in Sweden is produced at cogeneration plants, except for a minor portion based on biogas. Sweden and Norway are planning to develop a joint support scheme by creating a joint green electricity certificate market from the first of January 2012.
Tax exemptions

Sweden also promotes bio-electricity production through fiscal measures. 
Electricity production is exempted from energy- and carbon dioxide taxes, meanwhile it is subject to sulphur tax in specific cases. In principle, biomass and peat used for electricity production are tax-free. Electricity is not taxable if it is produced at wind farms or in a power plant with installed capacity less than 100 kW by a producer who does not “professionally” deliver electricity. In other cases electricity is taxable. The size of the tax varies in a range of 0.5-28.0 öre (0.05-2.9 €ct) per kWh used (ECOFYS et al. 2011).

Fuels for electricity production are exempt from tax, but as fossil fuels for the production of heat are liable for tax, there is a steering through the tax system towards cogeneration based on biomass (cf. sub-chapter 4.2.9).
3.2.5 Bioheat
Tax exemptions

Renewable heating is mainly supported in an indirect way by raising taxes on fossil fuels. In accordance to the Law on Energy Tax, energy products used for heat production are subject to energy, CO2 and in certain cases sulphur tax. Energy and CO2 tax are not paid for wood fuels, briquettes, pellets and peat. However, peat is subject to sulphur tax. District heating and cooling using renewable energy sources is exempted from energy- and CO2 taxes for biomass (cf. sub-chapter 4.2.9)
Renewable electricity certificate scheme

The renewable electricity certificate scheme indirectly promotes the production of heat from biomass through biomass based CHP (refer to Section 4.3).
Investment grants for the conversion of direct-acting electrical heating
Investment grants for the conversion of direct-acting electrical heating (see below). When converting to district heating it is a requirement that the district heating accounts for a minimum of 70% of the calculated annual heating requirement of the dwelling or commercial property needed to heat the internal space. District heating must also account for the entire calculated annual heating requirement needed to heat the tap water, except where solar heating accounts for a proportion of this heating requirement. When installing a heating device using biomass based fuel, biomass based fuel shall accounts for a minimum of 70% of the calculated annual heating requirement of the dwelling or commercial property needed to heat the internal space and the tap water.
Other support schemes

At a regional level there are plans and targets for the phasing-out of fossil fuel for heating by means of the regional climate and energy strategies. Work on climate and energy strategies is also underway at a local level. This is partly within the framework of the Sustainable Municipality (Uthållig kommun) programme and partly through the recently introduced funding for energy efficiency in municipalities and county councils (cf. also sub-chapter 4.2.9).
3.2.6 Biofuels (for transport)

Tax exemption for biofuels

Biofuels for transport are exempted from both the CO2 tax and the general energy tax. The sustainability criteria for transport biofuels are now in place. 
Aid is available for the introduction of biogas vehicles and expansion of the distribution infrastructure for biogas as vehicle fuel.

From 1 July 2009, environmentally friendly motor vehicles are exempted from motor vehicle tax for a period of five years. The definition of an environmentally friendly motor vehicle will be successively made more stringent. A number of changes to the taxation of motor vehicles have been introduced, something that aims to improve the incentive for using private motor vehicles and commercial motor vehicles with lower carbon dioxide emissions. New rules are under way.
There is no specific aid available for biofuels from wastes, residues, non-food cellulosic material, and ligno-cellulosic material (in accordance with Article 21(2) of the RED). However, governmental aid is available for research and development and innovation which include aid for demonstration projects.

Some regulations are accepted to promote environmentally friendly cars. Regulation No 2009:1 on Environmental and Traffic Safety Requirements for Authority Vehicles and Journeys stipulates that governmental authorities buy or lease green cars. This provision is not applied to emergency vehicles and cars with more than four seats in addition to the driver. Act No 2006:228 on Special Provisions Concerning Vehicle Tax exempts environmental cars from vehicle tax (ECOFYS et al. 2011).

3.2.7 Biogas and Synthetic Natural Gas from biomass (Bio-SNG)
Biogas strategy

The Swedish Energy Agency was authorized by the Government to develop in consultation with the Swedish Board of Agriculture and the Swedish Environmental Protection Agency a cross-sectoral long-term strategy that will in the short and long-term contribute to increased use of biogas. In response to this, the Swedish Energy Agency has prepared a proposal for a sector-wide strategy for biogas. In the report, which was presented to the Government on 31st August 2010, the authorities suggest that priority should be given to waste products that can be used in such a way as to close a cycle. It is suggested that biogas from manure should be given a production subsidy, as closing this particular cycle would have considerable climate and environmental benefits. One of the investigation’s conclusions is that biogas would be of greatest environmental benefit when used in heavy urban traffic, such as for city-centre buses. For their part, local authorities should give priority to digestion rather than combustion of organic waste.

The following support schemes have been set up to promote production and use of biogas:
Investment aid under the Rural Development Programme (Landsbygdsprogrammet) 
Aid for farm-based biogas production is included within the framework of the Rural Development Programme (Landbygdsprogrammet) and applies to all potential investments to produce, store and process biogas, e.g. equipment for pre-treating substrates, digestion chambers, gas storage, digestion residue storage, and cogeneration or upgrading plants. The same applies to connection lines to an existing gas grid or an upgrading plant.

Between 2009 and 2013 SEK 200 million has been allocated for investments linked to this type of biogas generation. Grants amount to 30% of the costs or up to 50% if the business is located in northern Sweden. The same company may usually receive a maximum of SEK 1.8 million during the course of a three year period in accordance with the rules on the “de minimis rule” for state aid. 
The Swedish Board of Agriculture is prioritising aid to plants that intend to use livestock manure as the substrate. Granting of the aid is not conditional on meeting energy efficiency or other sustainability criteria. The Swedish Board of Agriculture is in the process of formulating an annex to the application form for commercial aid in order to obtain information on the substrate and energy flows of new plants to enable it to conduct follow-ups of benefit to the climate, etc.
Financial support for investment for biogas and other renewable gases

In accordance with the Ordinance concerning Government Support for Measures for the Production, Distribution and Use of Biogas and other Renewable Gases (Förordning (2009:938) om statligt stöd till åtgärder för produktion, distribution och användning av biogas och andra förnybara gaser) the Government provides investment support for biogas and other renewable gases The purpose of the aid is to promote energy technologies that are favourable from a climatic perspective but which are not yet commercially competitive. The aid will promote efficient and expanded production, distribution and use of biogas and other renewable gases.
The Swedish Energy Agency administers the aid and is supported by the Swedish Board of Agriculture, the Swedish Environmental Protection Agency and the Swedish Transport Administration.
Funding applies to projects that contribute to increased generation, distribution and use of renewable gases. Support is available for production centres, distributors and consumers of biogas and other renewable gases. The aim is to increase and improve efficiency in the production, distribution and consumption of renewable gases. Eligible projects include technical prototypes and demonstration projects for other interested parties wishing to invest in biogas technology.

The scheme is eligible to private individuals, industry associations, commercial enterprises and municipalities that produce, distribute or consume renewable gas. 
The Swedish Parliament has approved SEK 122 million to be assigned during 2010. For 2011 the grant has been estimated at SEK 117 million.
Granting of the aid is conditional on meeting energy efficiency criteria, but the implementation of such conditions has been planned in relation to the management of digestion residues. However, no resources have yet been allocated within the framework of this aid.

Biogas injection into natural gas grids
According to the Natural Gas Act (Naturgaslagen), tariffs, inter alia, for the transfer and storage of natural gas must be reasonable, objective and non-discriminatory. Natural gas also refers to biogas and gases from biomass in accordance with the Natural Gas Act. The Energy Markets Inspectorate (Energimarknadsinspektionen) has, as the regulatory authority in the gas market, the task of ensuring compliance with the Natural Gas Act. The review of tariffs by the Energy Markets Inspectorate and its other monitoring activities ensures that the transmission and distribution charges do not discriminate against gas from renewable energy sources. Up to now tariffs have been reviewed ex post but will in future be ex ante. In 2009 the Energy Markets Inspectorate was instructed to analyse the opportunities for an increased share of renewable gases in the natural gas grid. In its conclusions
, the Energy Markets Inspectorate identified the absence of a well-developed infrastructure as one of the main problems of biogas. The Inspectorate also formed the judgement that there is a risk that a development of the infrastructure on strictly commercial grounds would initially be on the terms of natural gas, or the development would not materialise or would take an unacceptably long time.

On 5 May 2010, the Swedish Parliament approved the Government bill 2009/10:144 on Improved Tax Conditions for Biogas and for Land-connected Electricity to Vessels in Harbours (Bättre skattemässiga förutsättningar för biogas samt för landansluten el till fartyg i hamn) concerning taxation rules for biogas in the natural gas grid in order to facilitate the co-distribution of biogas in the natural gas grid and thereby facilitate a desired transition to a higher share of biogas within the energy system. The legal amendments came into force on 1 January 2011.

Technical provisions on grid connection and connection tariffs for biogas have not been published yet. There is currently no specific provision concerning the quality of gas in the Natural Gas Act. As an increasing number of gas producers, primarily biogas producers wish to introduce their gas into the natural gas grid on the west coast of Sweden and since in the future natural gas other than the Danish gas may be introduced into the natural gas grid, the more important it will become to regulate the quality of gas.
Despite the fact that the Natural Gas Act does not contain any provision regarding the quality of gas, the issue of quality will be addressed in the preliminary preparations for the legislation. Government bill 2004/2005:62, p. 197, states that the holder of a natural gas pipeline has the right to place demands on the quality of the gas that is fed into the pipeline. If the gas does not possess the requisite quality, it is not considered to be natural gas and the holder of the pipeline therefore has no obligation to transfer the gas within the pipeline system in accordance with the government bill.

The Swedish Parliament has approved the Government’s proposal on amendments to the Natural Gas Act in government bill 2009/10:128 on Implementation of the Directive on Renewable Energy (Genomförande av direktiv om förnybar energi) in order to implement Article 16 on access to and operation of the electricity and gas grid in the Renewable Energy Directive. The amendments mean that the holder of a natural gas pipeline must publish the methods that are employed to devise tariffs for connection to the natural gas grid. The legal amendments came into force on 1 December 2010.
3.2.8 General support schemes for bioenergy

Environmental taxes
Sweden imposes a number of environmental taxes and charges on energy, namely 
· An energy tax, CO2 tax and sulphur tax, which are levied on the consumption of fuels;
· An energy tax on electrical power, which is levied on the consumption of electrical power;
· A tax on the thermal output of nuclear reactors;
· A charge levied on nitrous oxide emissions in the generation of energy. 
The purpose of these environmental taxes is to reduce the environmental impact according to the ‘polluter pays principle’.
The purpose of the energy tax is to enable the target for more efficient use of energy and the target for increased share of renewable energy to be achieved at the lowest possible socio-economic cost. In the same way as other taxes the energy and environmental taxes contribute to the financing of public activities.
The energy tax on petrol was introduced as early as 1924. The energy tax was expanded during the years, in 1957 to the majority of other liquid petroleum products and carbon fuels, in 1964 to LPG and in 1985 to natural gas. 

In 1991, the CO2 tax was introduced on the same tax basis as had previously applied for energy tax. All biomass based fuels and peat are exempt from CO2 tax. The CO2 tax is levied on fossil fuels such as coal, oil and natural gas. This presently equates to SEK 1.05 per kg of CO2. 
Sulphur tax is charged for fuels containing sulphur, such as oil, carbon and peat. Biomass based fuels and peat (except for crude tall oil) are exempt from tax. 

The use of electricity is taxed and fuels for electricity generation are therefore exempt from tax.
Table 4 gives an account of energy and CO2 tax for domestic households and the service industry and CO2tax for manufacturing industry and for the production of heat in cogeneration plants. For comparison, the table also shows the minimum level in accordance with the EU Energy Tax Directive.
Table 4. Energy and CO2 taxes for different customer groups
	Year
	Energy and CO2 tax for domestic households and the service industry
	CO2 tax for manufacturing industry + production of heat in cogeneration plants (from 2008 a lower level outside of the EU ETS) and agriculture (0 energy tax)

	1993
	99
	23

	1997
	177
	52

	2001
	217
	52

	2002
	246
	53

	2004
	326
	53

	2008
	358
	59/42

	2010
	373
	62/44

	EU MIN*
	21
	21


* EU MIN until 2002: 18 €.
Source: National Renewable Energy Action Plan of Sweden, p.78 (Regeringskansliet 2010).
The tax system can be considered rather effective, both from a climate policy perspective and as regards an increased consumption of renewable energy, principally in the heating sector, but also in industry (heating fuels). Taxation provided strong incentives towards increased use of biomass.
The district heating sector has been transformed from being one almost completely dependent on fossil fuels during the 1980s to one with a very high share of renewable energy. District heating accounts for approximately 50 % of the heating requirement in Sweden. Oil has been almost completely phased out as a heating fuel in single family buildings in favour of renewable alternatives, including heat pumps. Industry has also significantly reduced its use of fossil fuels.
In addition to taxes on fuels there are also vehicle taxes, which are environmental taxes.
The Government has in the Government bill (prop. 2009/10:41) on Certain Excise in respect of the Budget Bill for 2010 (Vissa punktskattefrågor med anledning av budgetpropositionen för 2010) set out certain principal positions that apply to financial instruments within the area of climate and energy. The bill contained proposed legislation regarding tax issues in the area of climate and energy that are believed to reduce GHG emissions and to contribute to achieving the targets for the share of renewable energy and more efficient use of energy. The majority of the proposals were also presented by the Government in the 2009 annual climate bill (government bill 2008/09:162, En sammanhållen klimat- och energipolitik – Klimat) (An Integrated Climate and Energy Policy – Climate)

In December 2009 the Swedish Parliament approved government bill 2009/10:41. Certain amendment came into force on 1 January 2010, but it has been decided that the majority of the amendments are to come into force on 1 October 2010, 1 January 2011, 1 January 2013 and 1 January 2015.
The main future changes related to the energy and carbon taxation system can be summarised as follows:

· The CO2 tax for industry outside of the EU ETS, agriculture and forestry will be increased in two stages, from 21% to 30% of the general CO2 tax level in 2011 and from 30% to 60% of the general CO2 tax level in 2015;

· The CO2 and energy tax rates will be annually adjusted according to the consumer price index;
· The CO2 tax for natural gas as a fuel will be increased in three stages from 59% of the general level to the general CO2 tax level in 2015. The first increase will take place in 2011 and the second in 2013;
· Dual control of companies in the EU emissions trading sector (EU ETS) will be abolished or reduced by abolishing the CO2 tax for industry within the EU ETS in 2011 and reducing the CO2 tax to 7% of the general level for cogeneration that is also included in the EU ETS;
· The energy tax on fossil heating fuels will be restructured according to the energy content of the fuel. The conversion means that from 2011 the energy tax for gas oil, natural gas and coal will be increased to the same level per energy content as for fuel oil. Energy tax will be introduced on fossil heating fuels in sectors in which the energy tax is currently zero, i.e. within industry, agriculture and forestry and for the production of heat in cogeneration plants;
· However, the energy tax will be set to a lower level that corresponds to 30% of the general energy tax level in 2011;
· The energy tax on diesel oil will be increased in two stages, by a total of SEK 400 per cubic metre (SEK 0.4 per litre) by 2013. An initial stage of SEK 200 will be implemented in 2011;
· As regards the increase in diesel tax, the transport sector will be compensated through reduced vehicle tax for diesel vehicles in 2011. The change will still increase environmental control by an increase in variable costs;
· Further transport sector-related tax changes were also introduced. The vehicle tax on passenger cars was further related to CO2 from 2011. A tax exemption of five years for passenger cars with improved environmental qualities was introduced in 2010. Light goods vehicles, light passenger vehicles and mobile homes are also subject to CO2-based vehicle tax from 2011, whilst heavy electric hybrid buses are subject to reduced vehicle tax since 2010;
· Tax on waste incineration was abolished in October 2010. The proportion of biodegradable waste in the waste that is incinerated in Sweden is high. The tax has not had the intended controlling effect on waste recycling, which is better controlled by other incentives.
Public procurement
Government public procurement with environmental requirements is an important policy instrument. Both the Public Procurement Act (Lag (2007:1091) om offentlig upphandling) and the Act on Public Procurement of Water, Energy, Transport and Postal Services (lag (2007:1092) om upphandling inom områdena vatten, energi, transporter och posttjänster) promote the development and diffusion of new climate-efficient technologies.
Programme The Sustainable Municipality (Uthållig kommun)

The Swedish Energy Agency programme Uthållig kommun (the Sustainable Municipality) has been described in the NREAP as a “unique collaboration” between the Swedish Energy Agency and 60 of the country’s 290 municipalities (2010). The programme is based on the committed municipalities’ ambitions to make their community more sustainable. The overall goal of the programme for 2008 - 2011 is to contribute to sustainable energy consumption within an energy system that is secure, cost-effective and has a low negative impact on public health, the environment and the climate. 
The committed municipalities receive special funding with regard to energy and planning, which they have indicated as being of particular importance. The Swedish Energy Agency provides training for the municipalities’ energy and climate advisers who provide and communicate information on renewable energy sources for electricity consumption, heating and cooling. All of the 290 Swedish municipalities offer municipal energy and climate advice. They primarily focus on the general public and commercial enterprises but may to a certain degree also approach public bodies.

The EU emissions trading system (EU ETS)
The EU ETS is in operation since 2005 and covers almost 50 % of CO2 emissions in the EU. In total, it covers some 11,500 participating installations in the energy and industrial sectors which are collectively responsible for almost half of EU emissions of CO2 and 40 % of its total GHG emissions. In phases I and II, which concludes in 2012, the system only covers CO2, but from phase III (2013‐ 2020) it will also cover other GHG. In Sweden, about 35 % of GHG emissions are covered by the EU ETS. As bioenergy is treated carbon neutral, the EU ETS indirectly stimulates the use of biomass for energy production. Particularly, for district heating and industrial process heating the EU ETS besides the CO2 tax is an important instrument for the promotion of biomass as an alternative to fossil fuels.
Energy research, development and demonstration activities

According to the Swedish NREAP, from 2009 the Swedish Energy Agency will make available just over SEK 1 billion per year for energy research. In addition to this, in the energy sector the annual grants to universities and technical colleges will increase by SEK 50 million in 2010, by a further SEK 50 million in 2011 and by a further SEK 60 million in 2012. The financing is being targeted at the following areas: large-scale renewable electricity generation and its integration into the electricity grid, electric propulsion systems and hybrid vehicles, waste refineries, biofuels and renewable materials as well as fundamental energy research into, for example, new nuclear technology and carbon dioxide capture and storage.

In addition to the investment into energy research that took place in the research and innovation government bill, the decision reached by the Swedish Government will involve an increase, compared with the 2008 level, in the energy research grant of a further SEK 145 million in 2009, SEK 380 million in 2010 and SEK 350 million in 2011. This will be for the purpose of facilitating the demonstration and commercialisation of new technologies for renewable energy. The investment will initially relate to second generation biofuels and subsequently to the demonstration and commercialisation of other energy technologies of major national importance and with extensive export potential.

The Government’s “Research and New Technology for Future Energy Systems” has been approved by the Parliament for a long term programme of research, development, demonstration and commercialisation activities for the development of technologies and processes aimed at the establishment of a sustainable energy system. The aim of business development and commercialization activities is to identify and encourage business ideas and companies in the energy sector. This is an area with valuable potentials, where Swedish companies get help to develop good ideas through financing, technical competence, market knowledge and active business development. Energy research covers the entire chain from fundamental research and technical development through to demonstration activities and business development. Experience shows that it can take up to ten years before the results of research materialise into a commercial breakthrough.
The fuel based energy systems working area includes research and development of sustainable biomass fuel supply and energy production, based mainly on biomass-fuelled systems. Research in the area is intended to help increase the quantities of fuels available, to improve the cost efficiency and resource efficiency of the chain from raw material to finished product, to improve the electrical yield from processes, and to help commercialise the technology.
Work in the field of building services systems is concentrated on several different national incentives and other legal framework promoting the use of bioenergy technology areas, such as small scale combustion of biofuels, district heating and district cooling, heat pumps, solar heating and buildings as energy systems. 

Research in the transport sector is divided into two parts: alternative motor fuels and energy-efficient vehicles. This includes research and development of biomass based motor fuels, combustion engines and electrical drive systems. Looking further ahead, biomass based motor fuels have the potential to make a significant contribution to replacing fossil fuels in the transport sector.

(Source: EUBIONET Report: National incentives and other legal framework promoting the use of bioenergy; http://www.eubionet.net/default.asp?SivuID=25484)
3.2.9 Integrated material and energy uses of biomass, cascading uses

There are no support schemes promoting cascading uses of biomass. This is not needed if general incentives are used to promote a transfer to higher energy efficiency and climate-neutral energy forms (such as e.g. carbon tax on fossil fuels), because then this forms naturally, wherever cost and energy efficient. 
The Swedish Energy Agency provided a SEK 500 million (€55 million) grant to support the construction of a biorefinery in Örnsköldsvik. The industrial scale demonstration biofuel plant, based on technology provider Chemrec's gasification technology, will be located at the Domsjö Fabriker. It will produce biomethanol or bioDME using forest harvest residues as feedstock. The authors are not aware of any specific bioenergy related sustainability requirements biorefineries have to comply with, however, the Swedish carbon tax on fossil fuel guarantees a proper “climate mitigation efficiency” (because then only small amounts of fossil fuels will be used for production and refinement) and the Swedish Forest Act guarantees a proper performance of forest production in relation to regeneration, biodiversity and social value aspects.
3.3 Permitting and authorization of bioenergy installations 
Permitting and authorization of bioenergy plants follows normal routines for similar-scale industrial installations. Concerning sustainability requirements, see above.
3.4 Spatial planning 
Spatial planning follows normal routines for similar-scale industrial installations. Because of the strong development towards increased use of renewable energy caused by general incentives to reduce non-renewable energy use, no specific measures promoting the sustainable production and use of bioenergy through spatial planning are needed. In many cases, the district heat and CHP production is still owned by the municipality. For general information on the role of spatial planning for RES we refer to the resubmitted NREAP Sweden. 
3.5 Forest legislation and forest related environmental legislation

In Sweden, 4.2 million hectares of land- and water areas, including a wide range of nature types in different kinds of environments, are protected equalling to about 10% of the total land area in Sweden. About 800,000 hectares of productive forest land are formally protected as national park, nature reserve, habitat protection areas and nature conservation agreements equalling to less than 4 % of Sweden’s productive forest land area. About 3.5 million hectares of low-productive land (forested bogs and rocky terrain) are protected in accordance with the Forestry Act against all measures except the felling of single trees
.

Along with the growing interest in whole tree harvesting (WTH)
, concerns have been raised about the potential ecological risks associated with this type of biomass harvesting. Potential risks include nutrient depletion, loss of acid neutralization capacity of soil, negative effects on biodiversity and soil carbon balance, effects on water chemistry and decreases in future site productivity (cf. Levin/Eriksson 2010).

The Swedish Forest Act contains mandates for silvicultural activities to avoid or limit damage to soils and water affected by WTH, to avoid damaging the long term nutrient balance of forest sites, and to compensate for any removals of nutrients and alkaline substances through ash and fertilizer additions. Furthermore, Sweden developed a series of recommendations and good-practice guidelines for whole-tree harvesting starting in 1986 and ending with the most recent revision in 2008. These guidelines and regulations are based on various scientific studies and include prescriptions and mandates to minimize environmental damage caused by whole tree harvesting (WTH) for bioenergy. From the beginning, the process of developing effective guidelines and regulations governing WTH in Sweden has been informed by science. Guidelines and regulations govern the areas of site productivity, utilization of recycled wood ash, biodiversity and physical damage to trees and soils (Levin/Eriksson 2010).

The combined system of the regulations of the Forest Act and further interpretations, advice and recommendations based on the Act concerning all aspects of sustainability, other legislation concerning environment and cultural heritage, already preserved state-owned areas, a system for payment for biodiversity preservation in long-term contracts, the Forest Agency’s constant work with informing and educating forest owners, and good traditions for land management in Sweden provide a relatively holistic and sufficient body for ensuring sustainable forest management. 

Below we refer to different aspects of sustainable forest management:
Site productivity and utilization of recycled wood ash

Research indicate that WTH harvesting removes substantially more nutrients from the site than conventional tree harvest methods, and can therefore cause a reduction in site fertility and a decrease in long-term site productivity on some sites. Furthermore, an Environmental Impact Assessment of WTH conducted in 1997 highlighted the importance of considering the issues of soil and water acidification caused by WTH. One means of mitigating the problem of acidification is to use recycled wood ash on harvested sites, which adds acid-neutralizing capacity to soils while also helping to restore nutrient balance. Studies indicate that while ash would have to be transported and spread over harvested sites, the energy required for this practice is only a minor fraction of the energy produced from the slash. Thus, a system of WTH with nutrient compensation is close to being greenhouse-gas-neutral (from a 20-year perspective, when breakdown of the slash would be almost complete). Sweden’s new 2008 good practice guidelines and regulations include a directive that if WTH is to be undertaken, ash recycling should be used to restore acid neutralization capacity and nutrients to harvested sites.
Biodiversity, stump harvesting
Research studies concluded that if no efforts are made to preserve biodiversity on harvested sites, a decline in biodiversity can be expected (Jonsell 2007). The studies also indicate that measures can be taken to protect biodiversity, such as leaving a portion of slash on site, leaving old dead standing wood (snags), and leaving slash of less common tree species (Egnell et al. 1998, Jonsell 2007). Conclusions of these studies indicate that slash piles that might potentially host eggs from rare insect species should be left on site until eggs have hatched. The Swedish Forest Agency has incorporated these findings into its 2008 Good practice guidelines (Skogsstyrelsen 2008), which mandates that WTH operations leave snags in place, leave slash from less common tree species, and leave at least 20 % of the slash from harvesting operations on site. Furthermore, recommendations now state as a general rule that no WTH is permitted where endangered species might be negatively affected (Levin/Eriksson 2010).

The fact that a major part of Sweden’s forest is certified by FSC and/or PEFC also contributes to biodiversity protection
. Key habitats for biodiversity protection have been identified and these are not allowed to be harvested in either certification system.

Furthermore, the Swedish Parliament (Riksdag) has adopted a comprehensive system of sixteen environmental quality objectives concerning climate, eutrophication, biodiversity in various ecosystem types, clean air, etc., each of them having its defined long-term goal, time-set sub-goals and organisation for monitoring and evaluation
.. 
Concerning “Living forests”, one problem identified is that there are a number of rare red-listed forest-dependent species that still does not have a satisfying protection, partly due to lack of knowledge. It is planned that each species on the red list should have its own “action plan” with time. The content of dead wood has shown an increasing trend, much due to increased awareness. This trend could be threatened if stump harvesting would grow common without due regulation. Stump harvesting is presently being tried at practical scale by several actors. Economic evaluation will show if it has potential to grow further. 
The Swedish Forest Agency has elaborated preliminary recommendations, however if the activity grows larger than 5-10 % of final harvesting area, these recommendations will be revised according to actual knowledge. Much research on the effects of stump harvesting on biodiversity and other parameters was initiated some three, four years ago.
Ash recycling

Harvesting of branches and tops is now performed on approx. 60 – 70 thousand hectares per year, i.e. on about a third of the total clear-cut area (c.180 – 200 ha/yr). Recommendations concerning harvesting of branches and tops and ash recycling were established in 2001 and revised in 2008, based on results from large dedicated research programmes, including long-term field experiments, mainly performed from the 1970’s and onwards, as well as on other research from different parts of the world. It is strongly recommended that ash recycling should be performed at higher scale than today, to compensate for the acidifying effect of harvesting. This effect is not a critical problem at stand level and for the short-term evaluation, but in the long-term and landscape perspective, whole-tree harvesting may cause acidification enough to affect run-off water quality and life unless compensatory actions are undertaken. Since the ash contains the required buffering capacity and a proportional set of nutrients, ash recycling is recommended as the first-hand choice. At the same time a waste problem can often be reduced. At a first stage, systematic information and raised awareness is suggested to be tried to reach a sufficient level of ash recycling. The Swedish Forest Agency will establish an Actors’ advisory group to promote god solutions. 
The nitrogen content of the biomass is oxidised to gas form, mostly nitrogen gas, and therefore not to be found in the ash, however in southern Sweden the nitrogen deposition is still sufficient to compensate for whole-tree harvesting, and in northern Sweden, the active N fertilisation of forest (max 450 kg N/rotation period) is doing the same, at landscape level. 

Carbon stock

The carbon content of Sweden’s forest biomass and soils is regularly monitored by The National Forest Inventory. The general trend is that the carbon stock of the forest biomass is increasing because the woody biomass stock does so and has done for the last century with only a few years exception. The carbon stock of normal forest soil is relatively stable whereas the carbon stock of drained soils is likely still decreasing, although drainage of new land has concerned only a minor area since 1993, when hard regulations were implemented, mainly of biodiversity reasons.

Needs for adjustments and optimization

Parallel to an increased demand for forest biomass, regulations concerning biodiversity protection and social values may need further evaluation and development. Also the fulfilment of present goals need improved awareness and actions. However, the responsibility to suggest needed actions to securing land-use sustainability is distributed among authorities and their capacity is presently fairly good carry out such improvement work.

Since Sweden has used carbon taxes as a major tool to reduce the use of fossil fuels, the risk for developing climate inefficient systems has been small. Most important is that the primary incentives work towards reducing non-renewable energy production and consumption. Then renewable energy sources will compete with each other and with energy savings (increased efficiency). 
3.6 Agricultural legislation and related environmental policy
The Cross Compliance rules take care of the very basic concerns related to biodiversity and the quality of soil and water at the farm or field level. This may have positive effects on water quality and the maintenance of soil production capacity but is hardly enough and therefore supplemented with guidelines, advice and Swedish regulations, mainly concerning plant nutrient issues. The Cross Compliance rules are neither enough for the conservation of biodiversity, nor for the protection of important habitats in the agricultural landscape (such as grassland and pastures) from exploitation and use for the production of biomass for energy. This applies especially to countries that have limited agricultural land available for an increase in the biomass production, like Sweden.
In Sweden we separate the agricultural land into arable land and pasture. The use of the land types is regulated in legislation that protects the pasture from activities that damage the specific values that are related to pastures. However, the biomass harvested when managing the pasture is recommended to be used for energy production if animal feed is not an option. Thus the actively used and managed pastures are protected from exploitation but there is no protection against abandonment and over growth.

Thus, the Cross Compliance rules must be supplemented with other measures for the conservation of specific habitats and endangered species and also for other biodiversity and landscape variation issues (including land use) that must be addressed from a landscape perspective. Environmental goals concerning the agricultural landscape are laid down in the environmental quality objective “A varied Agricultural Landscape” There is also the Swedish Rural Development Programme through which the farmers can apply for compensation for measures on arable land that are beneficial for the environment. These are for example buffer zones, creation of and managing small biotopes that increase variation and biodiversity and the creation of wetlands.

3.7 Waste management legislation

Waste management legislation supporting the production and use of bioenergy has been described in sub-chapter 4.2.4 and the subsequent sub-chapters.
Present waste management legislation does not pose any major barriers to sustainable production and use of bioenergy in Sweden. 
The authors are not aware of any specific sustainability requirements or provisions concerning installations utilizing bio-waste or other biodegradable waste for bioenergy production.
4 Policy needs and recommendations

4.1 Positive developments and key opportunities of bioenergy production and use for sustainable development 

One key opportunity of increased biomass use is the replacement of imported fossil fuels by domestic bioenergy. For more info see sub-chapter 4.5.
4.2 Undesirable developments and risks of increased bioenergy production and use for sustainable development

See mainly sub-chapter 4.5.

4.3 Policy needs and recommendations

Most important is that the primary incentives work towards reducing non-renewable energy production and consumption. Various forms of renewable energy production will then compete with each other and with energy savings (increased efficiency). Subsidies shall be used with great cautiousness and only in transition phases as it is difficult for anybody to pick out the market winning techniques, when all environmental requirements are met. 
Regulations and recommendations to secure sustainability may need development along the way. It is important to provide capacity among responsible authorities and other bodies to guarantee a sufficient compliance with regulations and to carry out necessary monitoring, evaluation and improvement work.

Parallel to an increased demand for forest biomass, regulations concerning biodiversity protection and social values may need further evaluation and development. Also the fulfilment of present goals need improved awareness and actions.

The binding EU sustainability criteria for biofuels/bioliquids should not be extended to solid/gaseous biomass used for electricity and heating/cooling as any extension would imply high administrative costs for bioenergy that is not motivated in relation to other energy forms, and which the Swedish authors consider highly ineffective in securing bioenergy production sustainability. The sustainability of imported biomass can be guaranteed through a combination of: i) the Timber Regulation, ii) most countries work to meet the goals of the Convention of Biological Diversity (CBD) and UN Forum of Forest (UNFF), e.g. as reflected in the work of Forest Europe, ITTO and the Montreal process, iii) voluntary certification schemes and finally iv) the general will of the public to consume OK products (which engages journalists to search the world for bad performance). As for other growing activities and businesses, problems that show out to be real can be dealt with along the way. Forest management is so far not an EU policy area. Most EU countries already have safeguards that are far more ambitious concerning protecting biodiversity and cultural and social values of forests than the Renewable Energy Directive. First, the LBA process
 within the Forest Europe could be encouraged, as well as processes that work for sustainable forest management at global level (CBD, UNFF).
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Source: National Renewable Energy Action Plan of Sweden, Table 4a. (Regeringskansliet 2010)
� This subchapter is partly based on the publication Energy in Sweden (2010/2011) published by the Swedish Energy Agency. In addition, Levin/Eriksson (2010) is also cited.


� As an alternative to conventional harvesting where all needles, branches and non-merchantable timber remain on site, whole-tree harvesting removes also the major part of branches and tops. While it could increase the amount of harvested biomass by up to 40%, there are losses of nutrients from the forest which may also cause nutrient imbalance in the forest ecosystem, unless compensated for (cf. Standing Forestry Committee Ad Hoc Working Group III 2010).


� The sub-chapter is mainly based on the Swedish NREAP (pages 23-25).


� In its NREAP the Swedish Government points out that there are other types of renewable electricity generation in addition to the generation of renewable energy that is included in the electricity certificate scheme (e.g. large-scale hydroelectric power that was in operation prior to the commissioning of the electricity certificate scheme). Since the electricity certificate scheme provides support for a maximum of 15 years, there will also probably be other renewable electricity production outside of the electricity certificate scheme by 2020.


� Cf. also Table 1 of this document.


� Compliance with the sustainability criteria is a pre-condition for biofuels/bioliquids to count towards the mandatory national RES targets and to qualify for financial support. 


� Cf. also Bioenergy Promotion (2011): EU Policy assessment Part 1 and 2. Available at � HYPERLINK "http://www.bioenergypromotion.net" ��http://www.bioenergypromotion.net�





� Information on the electricity certificate scheme is available at � HYPERLINK "http://www.energimyndigheten.se/Foretag/Elcertifikat/" ��http://www.energimyndigheten.se/Foretag/Elcertifikat/�.


� The prices and volumes of all completed electricity certificate transactions are presented on the accounting system website, � HYPERLINK "https://elcertifikat.svk.se/" ��https://elcertifikat.svk.se/� An average price is also presented


� Energimarknadsinspektionen (2009): Ökad andel biogas på en utvecklad gasmarknad EI R2009:12 (Increased share of biogas in a developed gas market).


� Source: � HYPERLINK "http://www.skogsstyrelsen.se/en/AUTHORITY/Forest-and-environment/Site-protection/" ��http://www.skogsstyrelsen.se/en/AUTHORITY/Forest-and-environment/Site-protection/�


� Cf. FN 2.


� However, several NGOs criticize that a remarkable number of loggings do not comply with certification standards and key requirements for nature conservation. Reportedly, FSC certified enterprises violate against basic FSC principles and even the Forest Act. NGOs also criticize that the Forest Act relies on a high degree on voluntary commitments from the forest sector.


� � HYPERLINK "http://www.naturvardsverket.se/en/In-English/Start/Environmental-objectives/Swedens-environmental-objectives/The-national-environmental-objectives/" �The environmental quality objectives define the necessary characteristics (qualities) of the natural environment and cultural heritage environment in order to ensure environmentally sustainable development.� � HYPERLINK "http://www.naturvardsverket.se/en/In-English/Start/Environmental-objectives/Swedens-environmental-objectives/National-agencies-responsible/" �To ensure a clear division of the responsibility for efforts to implement the sixteen national environmental quality objectives, the Government has appointed one specific national agency to be responsible for one specific objective.�


� At the FOREST EUROPE Ministerial Conference, which was held on 14-16 June 2011 in Oslo, Norway the European ministers responsible for forests decided to launch negotiations for a Legally Binding Agreement (LBA) on Forests. They also adopted European 2020 targets for forests.
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