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Abstract

The paper presents the ”integrated concept of sustainable development“ and its application to answer the question of “Is the use of surplus grassland for energy production sustainable?”. The integrated concept is based on the elements of “inter- and intra-generative justice”, “global responsibility”, “anthropocentric understanding of nature”, and “integrated perspective”. These elements are outlined as “rules” by 15 essential and 10 instrumental requirements. In concrete projects of evaluating the sustainability of measures, policies or technologies, it is possible to use a rule screening for restricting the scope of treatment without having to give up individual aspects of sustainability. In the project “Energy from grassland – a sustainable development?”, the ”integrated concept of sustainable development“ will be used to identify the advantages and disadvantages of different options of energy production from surplus grassland for a sustainable development in the state of Baden-Württemberg. First results demonstrated that the three possibilities of using surplus grassland investigated burning of hay from extensively used areas, biogas from intensively used areas, and conversion to maize fields, have advantages and disadvantages in terms of a sustainable development. It became obvious that the burning of hay is associated with the greatest advantages. The use of biogas has small advantages, whereas the use as maize fields is characterised by small disadvantages. The results presented are based on first estimations. These will be verified and updated by calculations of materials flows, energy expenditures, and economic parameters.

Streszczenie

W artykule tym będzie przedstawiona „zintegrowana koncepcja rozwoju zrównoważonego” oraz jej zastosowanie w odpowiedzi na pytanie: „czy wykorzystanie nadwyżek terenów łąkowych dla produkcji energii jest zrównoważone?” Zintegrowana koncepcja rozwoju zrównoważonego opiera się na elementach „między- i wewnątrzgeneracyjnej sprawiedliwości”, „globalnej odpowiedzialności”, „antropocentrycznego ujmowania przyrody” i „zintegrowanej perspektywy”. Te elementy są określone jako „zasady” poprzez 15 zasadniczych i 10 instrumentalnych wymogów. W danym projekcie oceny przedsięwzięć, polityki czy technologii poprzez pryzmat koncepcji rozwoju zrównoważonego,  możliwa jest weryfikacja tych zasad dla ograniczania zakresu rozważań bez konieczności rezygnacji z indywidualnych aspektów zrównoważenia. W projekcie „Energia z łąk – zrównoważony rozwój?”, „zintegrowany koncepcja zrównoważonego rozwoju” będzie wykorzystywana do identyfikacji korzyści i wad różnych opcji produkcji energii z nadwyżek terenów łąkowych dla zrównoważonego rozwoju regionu Baden-Wirttenbergii. Pierwsze rezultaty wykazały, że trzy możliwości wykorzystywania badanych nadwyżek terenów łąkowych: spalanie siana uzyskiwanego z ekstensywnego wykorzystywania tych obszarów, biogaz uzyskiwany z ich intensywnego wykorzystywania oraz przekształcanie pod uprawy kukurydzy, mają korzyści i wady w kontekście zasad zrównoważonego rozwoju. Oczywistym stało się, że spalaniu siana towarzyszą największe korzyści. Wykorzystanie biogazu uzyskiwanego z obszarów łąkowych jest mniej korzystne, a wykorzystanie łąk pod uprawy kukurydzy jest określane jako raczej niekorzystne. Wyniki te oparte są na wstępnych szacunkach i będą zweryfikowane i zaktualizowane za pomocą obliczeń przepływów materiałowych, wydatków energetycznych i parametrów ekonomicznych. 

1.
The Concept of Sustainable Development

The concept of sustainable development as a generally accepted model is becoming more and more important. This is evident from the large number of publications on this topic by research institutions, agencies, universities, trade associations, and political parties. However, when it comes to defining this concept more precisely, ideas still diverge widely. 

The sustainability assessments available so far have often been conducted with a limited spectrum of indicators for methodological reasons and because of a general lack of scientific findings and the absence of a database. Normally, the selections made are imbalanced in terms of the different dimensions of sustainability.
Work on sustainability is often concentrated on ecological problems. For this purpose, in some instances politically defined goals can be used, or there is general consensus about the need to protect specific compartments of the environment. Most of the existing sustainability assessments are devoted to the protection of soil (erosion, compaction), groundwater and bodies of water (from discharges of nitrate and pesticides), species, and resources (fossil energy resources, phosphate). The discussion, and the development of consensus, has not progressed that far with respect to economic indicators (such as farming income) and social indicators.

To fill this conceptual gap, and in order to offset the “ecological bias” of existing sustainability considerations, the “Integrative Concept of Sustainable Development” (IKoNE) developed by the Helmholtz Association of German Research Centers, which looks into different areas of sustainability in a comprehensive fashion (Kopfmüller et al. 2001; Grunwald et al. 2001; Coenen/Grunwald 2003), has meanwhile been applied successfully to a variety of topics.

2.
The Integrative Concept of Sustainable Development

In the IKoNE concept, sustainability is perceived as a global vision of the development of human civilization based on the report by the Brundtland Commission and the Rio documents. On the basis of the postulate of intragenerational and intergenerational fairness, minimum conditions of sustainable development are listed whose fulfillment may be claimed morally by all members of the global society, coming generations included. These minimum conditions, which are formulated as guidelines for action or “rules,” constitute the normative framework providing guidance in sustainability considerations. 

The development of the “Integrative Concept of Sustainable Development” is based on a comprehensive analysis of existing approaches towards operationalizing the sustainability model in scientific studies and political plans and programs (national sustainability strategies, environmental plans and programs, etc.).

Most existing sustainability concepts
 used as a starting point for their considerations the definition provided by the Brundtland Commission, according to which development is sustainable “when it meets present needs without risking that future generations may be unable to satisfy their needs” (Hauff 1987, p. 46). What the Commission sees as “needs” is explained right after this definition. It involves “in particular the basic needs of the poorest in this world, which would have top priority.” In the Commission’s view, poverty is not just an evil in itself, but also one of the main causes of environmental degradation, civil wars, expulsion, migration, and other crisis phenomena. Meeting basic needs presupposes that countries in which the majority of the population is poor are accorded a fair share of resources. Consequently, sustainable development requires a development policy focusing on changes in the access to resources, goods, income and social positions and on reallocation of rights and duties, opportunities and burdens, costs and benefits (ibid.). The responsibility for social fairness between two successive generations, in the Committee’s view, “logically incorporates fairness within each generation.” A fair present is a precondition for a fair future.

Constitutive Elements

The sustainability definition by the Brundtland Commission and its explanations, also by the Commission, can be used to elaborate four basic normative assumptions or constitutive elements of the model concept about which more or less consensus exists at a very abstract level:

 (1) Sustainability Is a Global Concept

The UN Plenary Assembly’s commission of the Brundtland Commission was about formulating “a worldwide program of change.” The Commission examined the emergence of global ecological problems and the increasing prosperity gradient between North and South as interlinked phenomena of crisis in modern industrialized times (Brand/Jochum 2000, p. 174). Following this concept, it developed an outline of sustainable development as a model of survival and prosperity of the world’s society sustainable over a long period of time. On the basis of the fundamental consensus achieved by the Commission about the needs of global sustainable development, individual states are supposed to work out specific goals and strategies implementing the general requirements on a national level.

The need for this stepwise operationalization, which can be summed up in the familiar slogan of “think global, act local,” is generally recognized. Yet, the global perspective is taken into account in many sustainability concepts chiefly in formulating ecological goals, in particular that of CO2 reduction, while national or regional points of view otherwise dominate. 

 (2) Sustainability Is an Integrative Concept
The Brundtland report emphasizes the close links between ecological, economic, social, cultural, and institutional developments. These different facets of societal development have generally come to be known as “dimensions” or “pillars.” It is one of the generally shared basic convictions in the sustainability debate that implementation of the model concept requires a comprehensive strategic approach integrating all dimensions. Ecological, economic, and social questions should be considered in their mutual interdependence, and conflicting targets and problems of trade-off expressed in a “magic triangle” (Simonis) or a square or pentagon, depending on the concept, and thus should be balanced out as a function of the number of dimensions
. Although the need for integration is undisputed on this general level, ideas about the relations among these dimensions still differ widely. 

(3) Sustainability Implies Responsibility to Present and Future Generations

There is no doubt whatsoever that the idea of sustainability is closely connected to the recognition of ethical obligations to future generations. However, how the heritage to be left to future generations should be structured, what should be preserved and what may be changed, is still a matter of controversial debate. Even more problematic is the question what responsibility to those living now implies. This problem has elicited not only different interpretations but also a very weak fundamental consensus. Despite the clear position taken by the Brundtland Commission that the two fairness postulates are inseparably linked, many sustainability concepts either do not invoke the question of international fairness in distribution, or else argue that only the aspect of responsibility towards future generations is constitutive for the sustainability model. 
 (4) Sustainability Is an Anthropocentric Concept

The Brundtland report considers satisfying human needs today and in the future a primary objective of sustainable development. Preservation of the natural environment is sought not as an objective in itself, but as a precondition for lasting social and economic development. Humans bear responsibility for this nature because, being creatures of nature, they need specific goods and services of nature and the functioning capability of natural cycles and growth processes. Even where nature is accorded a value in itself, as a space of life and experience, this is done from a human point of view and in the light of human value concepts. 
Biocentric or physiocentric arguments have not played a major role in the sustainability debate so far (Ott 2001). Most sustainability concepts are based on the position of “enlightened” anthropocentrism, which explains the obligation to handle nature with care as being in the proper human self-interest (Gorke 1999, 211 ff.). “Human self-interest” must not be equated with the short-term exploitation of nature, but relates to the manifold functions nature fulfills for people
. As future generations are accorded the same rights as present ones, there is the obligation to preserve also for the future the existing variety of possibilities of human interaction with nature. 

General Objectives of Sustainable Development

The first step in operationalization is “translation” of the four constitutive elements of sustainability into three “general objectives of sustainable development,” which are then defined in greater detail in a second step by the indication of minimum preconditions of sustainable development, the “rules.” The general objectives of operationalization of the sustainability model in the sense of the statements made above are these:
· Securing human existence.
· Preserving society’s productive potential.

· Preserving options for development and action.

These objectives are put into more concrete terms in minimum conditions of sustainable development to which all members of the global society, future generations included, have a moral claim. These minimum requirements, which are formulated as guidelines for action or “rules,” include both ecological and economic and social aspects. They constitute the normative framework serving as guidance for the contextualization of sustainability considerations.

Minimum Requirements of Sustainable Development

The preconditions of sustainable development include the fifteen substantial minimum requirements (Table 1) which put into more concrete terms the sustainability concept with regard to societal implications, such as the management of natural resources. They are described in detail in Kopfmüller et al. (2001).
Table 1: System of sustainability rules

	Substantial rules, assigned to the general goals

	Securing human existence
	Maintaining society´s productive potential
	Preserving society´s options for development and action

	Protection of human health
	Sustainable use of renewable resources
	Equal access of all people to information, education and occupation

	Ensuring the satisfaction of basic needs (nutrition, housing, medical care etc.)
	Sustainable use of non-renewable resources
	Participation in societal decisionmaking processes

	Autonomous subsistence based on income from own work
	Sustainable use of the environment as a sink for waste and emissions
	Conservation of cultural heritage and cultural diversity

	Fair distribution of chances to use natural resources
	Avoiding technical risks with potentially catastrophic impacts
	Conservation of the cultural function of nature,

	Reduction of extreme income or wealth inequalities
	Sustainable development of manmade, human and knowledge capital
	Conservation of “social resources” (e. g. tolerance, solidarity or adequate conflict solution mechanisms)


Kopfmüller (to be published)

In addition, there are conditions defining which institutional requirements enable substantial minimum conditions to be observed, i.e. the institutional minimum requirements. These are not explained in greater detail at this point because, as a consequence of the regional character of the research project and the specialized topic considered, they are only marginally associated with the project presented below.

3.
Status and Perspectives of Grassland Use in Baden-Württemberg

In most applications, the rules of IKoNE were not adopted unchanged, but were adapted to the specific conditions of the project. Some rules were considered irrelevant to the project, others were modified, and in other cases new rules were introduced. 

In the “Energy from Grassland - A Sustainable Development?” project, the IKoNE is applied to evaluate, in the light of sustainability aspects, the use of surplus grassland acreage for energy generation in the federal state of Baden-Württemberg. On the one hand, the extent of surplus grassland acreage and its potential for energy generation are determined and, on the other hand, existing and developing technologies for utilizing growth on grassland are studied and, thirdly, the consequences of uses are assessed. 
Determining the potential and examining technologies are steps which have largely been completed, while a sustainability screening has been conducted to examine the rules of IKoNE for relevance. 
As development took more concrete shape, indicators and targets for compliance with the rules were derived, rules were further adapted, and a preliminary sustainability evaluation was conducted based on relevant statistics, the literature, two inquiries among district agricultural agencies, two workshops, and some preliminary findings of mass flow analyses. At the present time, detailed economic calculations as well as mass and energy flow calculations are performed on the basis of GEMIS. A detailed evaluation will be made when the calculations of emissions, energy input and economic parameters have been evaluated. 

In Baden-Württemberg, 39 % of the agricultural area is at present being used as permanent grassland for livestock feeding, with the percentages in different districts ranging between a few percent and more than 70 % (Fig. 1).
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Fig. 1:
Percentage of grassland of agricultural area.

Source: The author, using StLABW (2006a).
The traditional use of grassland as a basis for feeding cattle has been declining for years (Fig. 2). The main reason is progress in dairy farming as a result of cattle breeding and technical developments. 
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Fig. 2:
Development of milk performance, grassland acreage, and dairy cow stock (1997 = 100).

Source: StLABW (2006a), StLABW (2006b), plot by the author.

The most recent EU agricultural reform (cf. Commission of the European Communities 2004) has provided for animal subsidies to be decreased, a grassland subsidy to be introduced, and milk prices to be deregulated as far as possible. This implies considerable future challenges to be met by dairy farms. Farmers are required to cut the costs of milk production still more. This can be helped by striving for the highest possible milk performance per cow, which requires animal feed with a high specific energy content. As not all grassland areas have the potential to produce high-energy feed, traditional grassland use has declined in the past especially on adverse sites. However, in the future it will also be areas under intensive utilization which will increasingly turn into surplus areas
 (Raab/Rösch 2005). Frequently, surplus grassland areas will be converted into arable land or afforested. In the future, however, any conversion of grassland into arable land will be possible only on a limited scale as Cross Compliance
 restricts the maximum permissible conversion of grassland into arable land. 

The decline in traditional grassland use affects not only agriculture, but also nature conservation, environmental protection, cultivated landscape, tourism, the regional economy, and rural areas. 

4.
Adapting IKoNE to the Project Context 
On the basis of some preliminary results, the question underlying the project, i.e. whether using grassland for energy generation is sustainable or not, was subjected to a screening in accordance with the rules. Application to the project topics of the fifteen constitutive rules of the Integrative Concept of Sustainable Development indicated that many rules do not play a major role in the context of the project, as “Energy Generation from Grassland” has hardly any, or only a slight, connection with this sustainability rule. Impacts of the project topics arise in connection with seven sustainability rules: 

· Protection of human health (1.1).

· Ensuring an independent livelihood (1.3).

· Fair allocation of possibilities to use the environment (1.4).

· Sustainable use of renewable resources (2.1).

· Sustainable use of non-renewable resources (2.2).

· Sustainable use of the environment as a sink (2.3).

· Preservation of the cultural function of nature (3.4).

It is seen that the problems addressed in the project concern all three sustainability goals. However, it also becomes apparent that “securing human development” and “maintaining societal production potential” constitute the focal points, while impacts on the “preservation of possibilities for development and action” goal are rather slight. 

The sustainability rules “concerned” are operationalized by indicators below. For the choice of indicators and target values, publications about sustainability in agriculture, regional literature, and statistics were evaluated. 

A pattern of indicators was set up which allows statements to be made about whether the use for energy generation of grassland growth in Baden-Württemberg would be more likely to make a positive or a negative contribution to sustainable development (Table 2). 

Table 2:
Rules and indicators for evaluating sustainability in the grassland project

	Rule
	Indicators

	Protection of human health (1.1)
	Health-related particulates, CO, NOx, HCl, dioxin emissions

	Ensuring independent livelihood (1.3)
	Hours of work, income

	Fair allocation of possibilities to use the environment (1.4)
	Production of renewable energy, greenhouse gas emissions

	Sustainable use of renewable resources (2.1)
	Protection of biodiversity, soil, water; acidification, eutrophication potentials of emissions

	Sustainable use of non-renewable resources (2.2)
	Production of renewable energy

	Sustainable use of the environment as a sink (2.3)
	Greenhouse gas emissions

	Preservation of the cultural function of nature (3.4)
	Changes in landscape


The main criterion for selecting the indicators was validity, i.e., the indicator must properly reflect the consequences of “energy generation from grassland growth” represented as a potential violation of the respective sustainability rule. Other criteria used were reliability
 and objectivity of the indicator as well as the availability of data. Moreover, certainty about the direction had to exist. This means that it had to be clear, from the point of view of sustainability, whether a rising indicator value was to be assessed positively or negatively. 

As no target values exist for most indicators, guidance for assessing sustainability in most cases is obtained from the direction of development over time and the amount various energetic uses of grassland can contribute towards improving the sustainability situation. In order to determine the effective contribution of using surplus grassland for energy generation, the use for energy generation must be compared with the situation in which surplus grassland is not used for energy generation. The reference scenario assumes that the user of a grassland area runs up only a minimum of expenditure in order to receive the EU grassland acreage subsidy. For this purpose, the area must be mulched once a year, which means that the grassland growth is cut, but remains on the field.

Types of Land Use and Facilities

The findings of sustainability evaluation are relative statements. This means that the consequences of the processes used for energy generation depend on the alternatives with which they are compared. Within this project, the processes of energy generation from grass are compared with the non-use of grassland areas. This implies that the grassland areas are mulched once a year (see above). This minimum care devoted to these areas is necessary for the farmer to claim the EU grassland acreage subsidy. 

Assessment of procedures takes into account that conditions for grassland utilization in Baden-Württemberg show major differences as a function of location. On the one hand, locations are cultivated which have good soil properties (approximately loamy texture, good structure, no stagnant water, high contents of organic matter, etc.), only a slight gradient, and favorable climatic conditions. As a rule, they are used intensively with three and more cuttings a year, matching fertilization, and seeding of durable grass mixtures (for example, Allgäu). On the other hand, there are acreages characterized by low soil qualities, medium to high gradients, or adverse climatic conditions, which therefore are only used extensively (one or two cuttings a year). 

The processes of energy generation from surplus grassland considered include burning hay and fermentation of grass silage with semi-liquid manure or maize silage. Burning hay implies that only grassland growth is used for this purpose which is grown on acreage with low yields already now used extensively (i.e. without additional fertilization and only one or two cuttings). Burning is carried out in facilities of the type developed for burning straw and grain, respectively, and also tested or used successfully for burning hay (REKA, Herlt, Agroflamm plants).

In grass silage production for use in biogas generation, the acreage involved must have good properties and relatively high grassland numbers on which intensive grassland management was carried out before. These acreages are cut several times a year and fertilized for withdrawal. Another variant in producing biogas from grassland is the turning of grassland, which is legally permitted to a limited extent, and the production of maize silage fermented either alone or as a co-fermentate with grass silage. All facilities are assumed to be run according to the rules. 

In all processes of energy generation from hay or grass silage it is assumed that this use of grassland growth for energy generation will substitute fossil energy resources. 

The use of grassland for energy generation will be analyzed below in the light of the relevant sustainability rules. In each case, the content of the rule will be explained briefly, and the specific findings will be presented afterwards. 

Protection of Human Health (Rule 1.1)

To operationalize the “protection of human health” sustainability rule, the “health-related pollutant emissions” indicator is used, as energy generation from grassland can release health-related pollutants. The pollutant emissions which can arise in the use of grassland growth are compared to the legal limits. Table 3 lists the most important health-related airborne pollutants for energy generation from grassland as well as the current limits and recommended values. 
Emissions from Biogas Generation and Use for Electricity Production

In the combustion of biogas, the NOx and CO emissions can exceed the recommended values of TA Luft
 both in gas engines and pilot injection gas engines if these engines are not set optimally (LfL 2005). Pilot injection gas engines in addition emit particulates and carbon (Reitberger 2002). As biogas engines do not allow catalytic converters to be used because of the substances contained in biogas, such as hydrogen sulfide, only operation in the lean-mix regime is possible in order to reduce combustion temperature and, in this way, minimize nitrogen oxide emissions. The sulfur dioxide emissions produced in combustion of the hydrogen sulfide contained in the biogas can be reduced markedly by good desulfurization of the biogas. This measure also prolongs the service life of the engines. The specific emissions per energy unit generated are comparatively high when biogas is used to generate electricity by means of engines unless, and this would be an exception, their waste heat were used. 

Table 3:
Limits of health-related pollutant emissions in using grassland growth for energy generation

	Use
	Thermal output of furnace / technology
	Relevant regulation
	O2-reference value
	Particu-lates
	NOx
	CO
	SO2
	HCl
	Dioxins/ furanes

	
	
	
	vol. %
	mg/m³
	ng/m³

	Fuel
	15 – 100 kW
	1.BImSchV

	13
	150
	-
	4000
	-
	-
	-

	
	0.1 – 1 MW
	TA Luft
	11
	50
	500
	250
	350
	30
	0.1

	
	1 – 50 MW
	
	11
	20
	400
	250
	350
	30
	0.1

	Biogas cogeneration plant
	1 – 3 MW
Gas engine*
	TA Luft
	5
	20
	500
	1000
	350
	
	

	
	1 – 3 MW
Pilot injection gas engine*
	
	5
	20
	1000
	2000
	
	
	

	Harmful effects to persons
	
	
	
	Respiratory and cardiovas-cular diseases
	Respiratory and cardiovas-cular diseases, acute toxicity
	Cardiovas-cular diseases, acute toxicity 
	Irritating
	Irritating
	Carcinogenic, teratogenic


* The values listed apply as recommended values
 to plants of less than 1 MW power. 
Sources: Raab et al. (2005); FNR (2004) supplemented.

Emissions from Burning Hay

The generation and release of emissions when burning pellets or bales of hay are comparable to those emanated by facilities burning straw and wood pellets, respectively, or wood choppings. In addition to the technology applied (such as underfeed stoker or grate firing), the continuity of fuel feeding, and the management of operation (fluctuation between full load and part load), it is particularly the condition of the feed material (dryness, chlorine content) which determines the extent in which compounds hazardous to health will be emitted (Hartmann et al. 2004; Raab et al. 2005). 

For the small incineration plants of 15 to 100 kW (1st BImSchV), fuels, such as straw and hay, are permitted as standard fuels. However, many boilers have been designed for wood as a fuel and have never been adapted to firing hay or other materials of this type. Consequently, whenever such fuel is used, the present limit for particulate emissions of 150 mg/m3 of flue gas (1st BImSchV) is frequently exceeded. As most volatile emissions consist of particulates, they can be reduced markedly only by secondary removal facilities (e.g. cloth filters, electrostatic filters), which adds to the capital costs. New technical developments, such as the stem plant pellet boiler made by Agroflamm, allow even boilers without secondary particulates removal to clearly underrun existing limits and, in some cases, even meet the planned tighter limits for particulate emissions (e.g. 50 mg/m3). 

As far as NOx is concerned, the 1st BImSchV at present contains no limit for small furnaces in facilities of up to 100 kW thermal output. The limit under discussion of 500 mg of NOx/m3 could become problematic for fuels with relatively high protein contents, such as hay. Despite the elevated protein contents in hay, the NOx limits of the TA Luft (500 mg/m3) can be met in the appropriate facilities. There are possibilities to reduce NOx emissions on the fuel side by using only low-protein surplus growth for combustion. Larger combustion facilities above 100 kW come under the 4th BImSchV with the considerably stricter limits of particulate and CO emissions of the TA Luft (Table 3). 

As a consequence of the chlorine content of hay, burning hay also entails the hazard of chlorine releases. These are particularly detrimental to health when dioxins and furans are involved. As HCl is adsorbed by particulates, systems for particulate retention can also reduce the hazard of HCl release. 

Classification of Additional Emissions

In Baden-Württemberg, the level of airborne pollutants on the whole is rather low. In rural regions, pollutant contents over large areas even are far below the legal limits (Table 4). 

Table 4: Pollutant emissions in rural regions of Baden-Württemberg

	Pollutant
	2004 exposure
	Limit

	CO
	0.5 mg/m3
	10 mg/m3

	Particulates (PM10)

	15 µg/m3
	40 µg/m3

	NO2
	10 µg/m3
	40 µg/m3*)


*) target after 2010

Source: StLABW (2005a)

However, these background levels do not indicate whether there could be concentrations at particular points higher than those permitted by law. Moreover, pollutant emissions by transport over long distances can additionally increase pollutant exposures in areas with existing high levels of pollution. For instance, particulate emissions in some places in Baden-Württemberg exceed the particulate impact limits valid in 2005 (UMBW 2006; Höpfner, Gundert-Remy 2005). Another point to be considered for NOx is the need to observe impact limits across the whole region as soon as the NEC directive
 will be adopted by the EU by 2010. 

Comparison of Processes

Comparing the three uses, i.e. grass/biogas, maize/biogas, and burning of hay, with the reference, i.e. mulching/fossil energy resources, different results are found for each specific pollutant. The SO2 emissions arising in biogas generation are clearly below the reference levels; those of combustion underrun them slightly. The NOx emissions of biogas utilization are above the reference levels while those of combustion exceed them considerably. The values of particulate emissions from biogas utilization roughly correspond to the reference levels, while they are higher in the case of combustion. The most evident difference is found in CO levels. Here, biogas levels are higher, and combustion levels are clearly lower, than the reference levels. In summary, it is not possible to recognize a clear advantage with respect to health impacts for either type of utilization. 

Ensuring Independent Livelihood (Rule 1.3)

Meeting the sustainability requirement that all members of society should be given the possibility to secure their subsistence by activities assumed voluntarily depends decisively on the job and income situation. As a consequence, the “employment” and “sources of income” indicators are used to operationalize the sustainability goal of ensuring independent livelihood. These two indicators play a key role especially in sustainable development of rural regions. 
Employment

Although the situation on the labor market in Baden-Württemberg is better than in most other parts of Germany, it is still not sustainable, showing approx. 385,000 persons unemployed (2005) and an unemployment rate of 7.0%
.
The number of persons employed in agriculture, which used to be the majority of people gainfully employed in rural regions, decreased by 41% to 207,600 in the period between 1981 and 2005 (Fig. 3). Even though this decline has slowed down somewhat in recent years, it must still be assumed that the structural changes in agriculture, and the associated loss of jobs, will continue. 
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Fig. 3:
Development of the number of farms and persons employed in agriculture in Baden-Württemberg.
Source:
StLABW (2005b); quoted from Stelzer et al. (2006, 241), plot by the author.
Processes using grassland growth for energy generation are less labor-intensive than dairy cattle farming; however, compared to merely cultivating large areas, they are associated with a clearly higher labor effort. While mulching of an area requires only one farmhand hour per ha (AKh), it is between 11 and 22 farmhand hours / ha for using grassland growth for energy generation (Fig. 4). Depending on utilization, most of the work is required to supply grassland growth or to operate the conversion plant. Thus, the labor input required by processes in which energy is generated via biogas is clearly on the side of substrate supply while, in combustion processes, it is mostly in plant operation. It also becomes apparent that fuel supply by means of round bales or pellets for combustion clearly requires less time than supplying small bales or cultivating maize. 
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Fig. 4:
Hours of work per ha.
Source: Calculations by the author.
As a result of the relatively high requirement of knowledge transfer, training and education and support especially in the use of grassland growth in combustion or biogas plants, additional job possibilities are created in rural regions. Especially smaller units, should they decide to invest in plant technology, will have to use technical support provided by external consultants. These will be technically competent staff of organizations (including machine leasing groups), but also consultants in facility design and crop production who acquire the necessary competences ad hoc. In this way, additional relatively ambitious, well-paid jobs can be created in rural regions. 

Income
The average farming income is at the lower end of the income scale. Roughly 70% of full-time farms do not achieve an income at the level of a comparable industrial wage (BMVEL 2002). The gap in incomes between agriculture
 and comparable industrial wages at present is around 34% (DBV 2005), with many smaller and medium-sized farms generating incomes nearly at a level around the poverty line. 

In Baden-Württemberg, the profit per unpaid worker dropped to Eur 25,065 by 2004/2005. This amounts to nearly 47 % of the average gross annual income of a non-manual worker, or 71 % of that of a manual worker in industry (StLABW 2005c, 230). 

On the other hand, the use of grass silage for generating electricity from biogas and feeding it into the grid may provide an income guaranteed by law over a long period of time. Operating a biogas facility with grass silage, maize silage, and semi-liquid manure can generate an average income between Eur 11 and 30 per working hour over a period of 20 years. Compared to milk production, this in some respects is a clearly better use of working time. This is borne out by the following figures contained in the 2005 Cattle Report (LEL 2006): In Baden-Württemberg, the average dairy farm in 2005 had an income of approx. Eur 480 per cow and year. Given a labor input of 60 farmhand hours (Akh) per cow and year, this corresponds to an hourly wage of Eur 8. The lowest quarter of farms even made only Eur 2.34 per Akh (as against Eur 2.48 the year before), while the best farms generated an income of Eur 13.58 per Akh (as against Eur 14.15 the year before).

Income from Tourism
In certain regions of Baden-Württemberg with partly large grassland shares (e.g. Allgäu), tourism helps to stabilize the income situation in agriculture and in rural regions and, in some cases, has become an important growth market. In Baden-Württemberg, tourism created approx. 200,000 jobs, and its share in the gross domestic product is 5%.
. 45% of the nights in tourism are spent in rural regions (Kössler 2003). 

For some farming families, especially in the Allgäu and Black Forest regions, agrotourism has become an important contribution towards securing their livelihoods; they even generate the bulk of their income from this source. Also restaurants, trade, crafts, and leisure time facilities in the region benefit from this trend. For information: In Bavaria, there are approx. 7000 part-time farms generating annual sales of roughly half a billion euro in rural regions from approx. 1 million tourists (Miller 2005); 10% of the vendors make this their main source of income. In Baden-Württemberg, holidays in the countryside in general, and farming tourism in particular, are also likely to play a major role, though not to the extent this is the case in Bavaria. 

When it comes to picking holiday destinations, the variety and beauty of nature and scenery play an important role, which is why the natural potential is considered a key element of development in tourism (Garbe et al. 2005, 12). Grassland areas in large parts of the Allgäu, the Swabian Alb and the Black Forest contribute greatly to cultivated and natural landscapes of a particular character and beauty very valuable in tourism and for recreation. As meadows and pastures rank at the top of popularity among tourists (Briemle et al. 1996, 241), a visible reduction in grassland acreage could imply a loss of attractivity to tourism and thus also entail declining incomes in the regions concerned (Hutter et al. 2004; Nowak / Schulz 2002; Brenner 1999). 

On the other hand, biogas utilization and combustion require more labor than the reference uses and, consequently, generate higher incomes in rural regions. 

Fair Distribution of Possibilities to Use the Environment (Rule 1.4)

With regard to using the environment, some authors mainly consider ensuring fair chances of utilization to future generations to be constitutive of sustainable development, thus neglecting the question of equitable international distribution of rights to use the environment within present-day generations. On the other hand, the IKoNE regards doing away with today’s imbalanced access to global environmental products as a precondition for ensuring equitable opportunities in the future. 

Fair Access to Modern Energy

Globally, access to energy is distributed very unevenly (WRI 2004). Thus, people in the least developed countries in the world, such as Yemen, Niger, Bangladesh, etc., must do with one hundredth the commercial energy consumed by a North American (BMU 2004, 11). Especially in the developing and emerging countries, in which the population has only little energy available, energy supply mostly suffers from a number of other problems: 
· Paying for energy imports often claims a considerable share of the national budget. 

· As a rule, only urban centers are connected to power supply grids.

· Energy supply is frequently interrupted because of technical defects or lack of supplies.

· The use of old energy-inefficient machines and engines results in insufficient utilization of the energy contents of energy resources.

· Old engines release large volumes of pollutants, causing to CO, NOx, SO2, VOC, PM10 and ozone exposures which are detrimental to health, especially in cities.

A general objective of sustainable energy supply to be required could be that all members of global society must have sufficient and affordable energy services to secure their livelihood without this jeopardizing the natural basis of life and possibilities to use the environment of future generations. The Scientific Advisory Board on Global Environmental Changes (WBGU) establishes as a minimum requirement that, by 2020, all households in the world be given access to 500 kWh of “modern energy” per year (WBGU 2003, 125). “Modern energy” in this case means electricity, on the one hand, and the use of low-emission fuels, on the other hand, preferably based on biomass and excluding the traditional fuels, i.e. wood and manure. This value is the result of assumptions about energy consumption meeting elementary basic needs. This is an absolute minimum, as neither water heating nor space heating nor transport nor the support of agricultural and crafts activities are included. 

To ensure worldwide supplies of households with at least 500 kWh of modern energy per year, less energy must be consumed worldwide from the limited non-renewable energy resources so as to allow countries not so far supplied properly to catch up in development. The contribution which can be made by the use of surplus grassland in an effort to save non-renewable energy sources is mentioned in the comments on Rule 2.2. 

Fair Distribution of Emissions Affecting the Climate

As the use of fossil energy resources is distributed over the world very unevenly, this also applies to the CO2 emissions it entails (Fig. 5). While an inhabitant of one of the least developed countries is responsible only for approx. 0.1 – 0.2 t of CO2 per annum, with many developing countries showing levels between 0.5 and 4 t per person, CO2 emissions in the industrialized countries range between 8 and 21 t per person and year. Germany at present is around 10 t per inhabitant, which is slightly above the OECD average (11 t). 

The idea that all people should enjoy basically the same rights to use the environment was taken into account in the Kyoto process. Thus, reduction and emission limits were defined as goals only for the industrialized countries (so-called Annex-I countries), while the developing countries, because of their need to catch up economically, implicitly were allowed to further increase their CO2 emissions. However, as CO2 emissions are rising steeply in a number of countries so far under no obligation to reduce (e.g. China and India), the demand is being made by various parties to agree on quantitative emission goals also for those countries in the post-Kyoto process in which regulations are to be found for the time after 2012. 

In the international debate, the long-term perspective of 2050 is associated with the goal of equal distribution of CO2 emissions per person (WBGU 2003, 78f). Against the backdrop of the necessary reduction by half of global CO2 emissions, and the forecast growth of the world’s population by 50 to 100%, this is frequently used to derive the objective of a reduction of worldwide CO2 emissions to roughly 2 t per person and year by 2050.
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Fig. 5:
CO2 emissions per person resulting from the combustion of fossil fuels by international comparison. 

Source:
IEA (2001, 2002, 2004, 2006), plot by the author.
The Committee of Enquiry on “Sustainable Energy Supplies Under Conditions of Globalization and Deregulation,” in its final report (2002, 74) based on the work by IPCC
, proposes as an objective for Germany a level of 2.5 t of CO2 emissions per person in 2050. Relative to the present level, this would roughly correspond to a reduction of national CO2 emissions by 80% by 2050 already demanded by the Committee of Enquiry on “Protection of the Earth’s Atmosphere” in 1995 (WBGU 2003). In the light of this distant objective, a project determining the most urgent sustainability problems in Germany
 proposed the levels of 8 t per person by 2010 and 6 t/person by 2020 as target orientations for Germany (Coenen/Grunwald 2003, 119 ff).

The use of surplus grassland acreage for energy generation can help achieve this necessary reduction in CO2 emissions (see Rule 2.3). 

Sustainable Use of Renewable Resources (Rule 2.1)

One major precondition of sustainable development is that the rate of use of renewable resources does not exceed their rate of renewal, and must not jeopardize the performance and functioning capabilities of the respective ecosystem. In connection with energy generation from grassland, this requirement chiefly relates to the aspects of protection of biodiversity, soil, and surface and groundwater, which are considered below. 

Preservation of Biodiversity

Agriculture in general, and the use of grassland in particular, have contributed decisively to the present variety of wild plants and animals in Baden-Württemberg. Today, however, agriculture is one of the main agents causing loss of species in Germany. While formerly the species living on grassland were endangered mainly by soil melioration on site (e.g. drainage) or more intensive use, the present main threat to biodiversity is the abandonment of grassland with low yield or difficult to manage. 

Grassland is an important basis for the preservation of biodiversity because it is one of the ecosystems in Central Europe with the greatest variety in species, containing more than half the plant species occurring in Germany. A large part (58%) of the 870 endangered plant species in Germany are located on grassland under extensive management. These grasslands are of great importance also to animal ecology. Compared to all other types of biotopes, for instance, xeric and semi-xeric grasslands contain the largest numbers of rare insect species (Briemle et al. 1996, 239).

The use of surplus grassland acreage for energy generation, specifically if it involves extensive grassland rich in species, may cause a change in species composition if it is accompanied by intensive utilization, as may be the case with grass silage production (Table 6). 

Table 6:
Impact on biodiversity of various utilizations 

	Utilization
	Impact on Biodiversity

	Mulching
	· Tall plant stocks

· Areas of rest and protection of birds and mammals

· Habitat, e.g., for rare long-grass locusts and other insects

· Food biotope for diurnal birds of prey on locations with little growth

	Burning of hay (two cuttings without fertilization)
	· Growth of meadows rich in herbs

· Habitat for numerous insect species, e.g. locusts

· Food biotope for diurnal birds of prey

	Grass silage biogas (at least three cuttings with fertilization)
	· Grassland relatively poor in herbs and insects

	Maize
	· At times without vegetation

· Hardly any vegetation other than maize

· Less important to plants and animals


Source:
Briemle et al. (1996); Briemle (2005); Nowak/Schulz (2002).

Soil Protection

Soil, being a non-renewable resource, is part of the finite natural capital of mankind. It constitutes the basis of biomass production and food preparation, the habitat of flora and fauna, and many more things. In addition, soil fulfills numerous ecological functions, such as binding and supplying nutrients, storing carbon dioxide, maintaining the water balance, and decomposing pollutants. These manifold functions of soil for the balance of nature and for mankind make the preservation of soil and its functions a factor of immense importance in sustainable development. 

Perennial coverage of the soil with grassland is one of the most effective measures of soil protection, which can prevent loss of soil by erosion very effectively especially on slopes. Conversion of grassland into arable land and its use, e.g., for maize cultivation may give rise to erosion and other losses of soil functions. 

Besides erosion, acidification is the biggest problem for both natural and agricultural types of soil. Acidification means removal of nutrients, which may destroy humic substances and clay minerals. As a consequence, the functions of soil referred to above may be fulfilled less and less effectively. In extreme cases, acidification can also lead to releases of phytotoxic Al3+ ions. 

Compared to mulching, the use of both grass and maize for energy production by biogas causes additional emissions of acidifying substances, and even burning hay has a negative balance of acidifying substances which, however, is not as pronounced as in biogas use. 

Protecting Groundwater and Surface Water

Water protection is among the most important preconditions of sustainable development. Since the 1996 Amendment to the Baden-Württemberg Water Management Act, there are protected strips along the banks of bodies of water, i.e. rivers, brooks, and lakes. On a length of approx. 50,000 km, grassland may no longer be turned in these regions in order to prevent nutrients and pollutants from being washed into these waters. The Ordinance on Protected Areas and Compensation (SchALVO), in force since 1987 and amended on March 1, 2001, is an instrument Baden-Württemberg uses for sustainable management of the land in regions with protected water bodies. Yet, groundwater in Baden-Württemberg is still contaminated with nitrates and pesticide residues or their metabolites especially in regions with intensive farming and highly permeable types of soil. 

Next to wood, grassland is the optimum land use to secure the quality of groundwater. In sensitive regions, conversion of arable land into grassland can help reduce nitrate levels in the groundwater. Some water utilities offer farmers financial compensation for such conversion. Nevertheless, farmers are reticent especially in areas where growth cannot be used to feed animals because of the absence of livestock.

Next to pollutant and solids discharges into the water (by erosion and deflation), eutrophicating substances constitute a major hazard to water. Especially processes eligible for grassland use for energy generation emit more eutrophicating agents than are released in mulching. Emissions arising from combustion are clearly lower than those produced by biogas utilization. 

Sustainable Use of Non-renewable Resources (Rule 2.2)

In view of the long time horizon taken into account in IKoNE, the question as to the extent in which non-renewable resources may be consumed constitutes a problem difficult to solve. If a decision is taken in favor of exploitation, resources will be lost to later generations. If a decision is taken against utilization, these resources are of no use to the present generation as well as to coming generations, which would also be bound to the ban on utilization. If a decision is taken in favor of even minimal partial utilization, this will preclude future generations from any possible utilization in the long run.
Followers of a mediating position consider the use of non-renewable resources acceptable at least for an interim period of time, provided that their functions are balanced adequately. The potential of use of the reduced resource inventory must be as high as the potential of use of the original inventory (Lerch/Nutzinger 1996; Knaus/Renn 1998). This can be achieved by increases in efficiency in the use of non-renewable resources, substitution of non-renewable resources by renewable ones, or by tapping new resources.

Using Non-renewable Energy Resources

Among the non-renewable resources, it is the non-renewable energy resources – made up of fossil energy resources (oil, coal, natural gas) and uranium – which play a key role because modern society is dependent on a high availability of energy. On the other hand, these resources are limited, new reserves are more and more difficult and thus more and more expensive to develop, and a large part of the reserves are located in politically unstable regions, or are transported through them, so that interruptions of supply must be expected to occur again and again (Afghanistan, Iraq, Iran, Chechnya, Nigeria, etc.). 

Against this backdrop, a clear reduction in energy consumption, and an increase in the share of energy produced from renewable sources, are necessary in order to slow down the rate of decrease of the range of non-renewable energy resources and ensure supplies with energy resources also on a medium term. 

In Baden-Württemberg, primary energy consumption rose from well over 1.51 million TJ
 in 1991 to 1.62 million TJ in 2002 (StLABW 2005 d). The fraction of non-renewable energy resources in 2002 amounted to approx. 97%, with approx. 69% stemming from fossil sources. The use of water power and other renewable energy resources has increased at a low level in recent years. 

By 2010, Baden-Württemberg plans to clearly increase the share of renewable energy in primary energy consumption in the state from at present 5.1% (2005) (LUBW 2006a). Another objective is to increase the share of renewable sources in electricity production from approx. 8.2% in 2004 (NBBW 2005, 39) to 11.5% in 2010. By 2020, this share is to be raised to approx. 20%.

The use for energy production of surplus grassland acreage in Baden-Württemberg could make a contribution, albeit moderate, to achieving these objectives in exploiting renewable energy sources. Calculations show that approx. 167,000 ha of grassland will be surplus acreage in Baden-Württemberg in 2015. This corresponds to a 26% grassland surplus relative to the entire grassland acreage. After subtraction of the grassland areas not suitable for technical reasons, there is a technical potential of nearly 79,000 ha remaining for use for biogas production. Complete utilization in biogas plants of the biomass which can be produced on this acreage could generate approx. 430 GWh of electricity. This corresponds to nearly 0.3% of electricity consumption in Baden-Württemberg. Of the 3.3% of electricity generation from renewable sources missing by 2010, 12.4% accordingly  could be made available by complete use for energy generation of the technical potential of surplus grassland growth. 
All processes considered for the utilization of grassland growth have a positive energy balance, i.e., they produce more energy than they consume. In a net assessment, the use of maize for biogas generation achieves clearly higher levels than grass for biogas production and combustion. 

Sustainable Use of the Environment as a Sink (Rule 2.3)

The demand for sustainable use of the environment as a sink relates to the preservation of nature’s regulation and support functions indispensable to man. This regulation function implies the ability of the environment to maintain the essential material, energetic, and biochemical processes of natural balance and offset the consequences of manmade intervention. Using the environment as a sink must not exceed its capacity to assimilate manmade discharges. 

Contribution to Climate Change

The additional release of climate-related gases, especially of CO2 as a consequence of the combustion of fossil energy resources, almost seems to reach the limits of buffer and acceptance capacities of the environment, with the consequence that there is a climate change amplified by anthropogenic measures, with partly dramatic consequences (IPCC 2007; IPCC 2001, 99 ff; WBGU 2003; EEA 2004). The phenomena and consequences of climate change, such as the higher global mean temperature and the changed global precipitation patterns as well as the melt-down of glaciers and the resultant consequences, are considered by the overwhelming majority of experts one of the key global sustainability problems. 

There is no doubt among experts that the negative effects are far more important than the positive ones. For this reason, the demand is expressed to allow the mean global temperature, as seen from pre-industrial levels (1861 to 1890), to rise by not more than 2°C by 2100, as only this could avoid the severest negative impacts of climate change. As there has been an increase in mean global temperature by approx. 0.7°C (Europe: 0.8°C) so far, the temperature increase over the next 95 years should not exceed 1.3°C (Europe: 1.2°C). In accordance with model calculations, this would require as a precondition that the atmospheric CO2 concentration stabilizes at 450 ppm, as against 379 ppm in 2005 and 280 ppm in the pre-industrial period. In order to not exceed the threshold level of 450 ppm, worldwide emissions of greenhouse gases must be curbed drastically.

Baden-Württemberg seeks to reduce energy-induced CO2 emissions to less than 70 million t in 2005 (MUVBW 2000, 67) and, in the implementation of EU Burden Sharing, to 65 million t CO2 by 2010. As no reduction in the level of CO2 emissions can be detected so far (Fig. 6), and CO2 emissions in 2003 were still at 77.6 million t (StLABW 2005e), it must be assumed that the 2005 target will be missed and the level for 2010 will not be easy to reach. Another aggravating factor is that the opt-out of nuclear power use decided upon by the federal government will impose special challenges upon Baden-Württemberg because of that state’s large share of nuclear power in electricity supply.  
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Fig. 6:
Development of energy-induced CO2 emissions in Baden-Württemberg. 

Source:
StLABW (2005e); from: Stelzer et al. (2006, 246), plot by the author.

Against this backdrop, the use of surplus grassland acreage for energy generation could make a contribution, though modest, towards reaching the state goals of CO2 reduction. The net CO2 equivalent reduction attainable, on the one hand, depends on the energy requirement of the process chain and releases of other climate-related substances, such a methane (CO2 equivalent: 21), nitrous oxide (CO2 equivalent: 310), or ammonia (CO2 equivalent: 3.1). The production of biogas, whose main constituent (50 to 65%) and energy source is methane (CH4), may involve considerable methane losses especially during storage of the fermentation residues (FNR 2004). To prevent this, appropriate coverage of the fermentation residues store must be ensured.
As in Rule 2.2, also in the case of greenhouse gases all energetic processes studied contribute to reducing the burden. The positive contributions made by biogas utilization from maize are higher than those arising from the use of biogas from grass and combustion. 

Preserving the Cultural Function of Nature (Rule 3.4)
The requirement in sustainability to preserve the cultural function of nature refers to nature’s value as an instrument satisfying essential needs. On the basis of the idea of a universal society (including coming generations), rules of action are established whose compliance is to ensure that the indispensable ecological preconditions for human life and human activities (renewable and non-renewable resources, productivity, and the ability to regulate the balance of nature) are preserved over time. A sustainability concept geared only to the life-preserving functions of nature would disregard the enriching functions of nature as an object of sensual, contemplative, spiritual and esthetic experience and, therefore, would be incomplete. The spectrum of ethical reasons for the preservation of nature therefore was expanded in the sustainability concept by eudemonist
 arguments (Kopfmüller et al. 2001, 262 ff). 

While the instrumental value of nature is indisputable, eudemonist values may not be evident to all people in the same way. Yet, experiencing nature is not just a subjective preference of some persons, but is considered a generally accessible main option of “good life” (SRU 2002, 17f). Catering to the possibilities of development of people for whom experiencing nature represents a high value makes it imperative to preserve nature’s beauty and riches. Ethical obligations in this case exist not relative to nature, but in the view of nature (Ott 1998, 232f). This means, e.g., that grassland must be protected not for its own sake, but because many people attribute a high value to the experience of grassland.

Meadows and pastures with their typical agricultural uses and variety of species characterize cultivated landscapes in many parts of Baden-Württemberg, thus greatly contributing to its special characteristics, variety, and beauty (Nowak/Schulz 2002, 9; Briemle/Elsässer 1997). The character of nature is a decisive factor in the wellbeing of the inhabitants of a region. These feelings are determined by aspects, such as variety, color, vegetation, closeness to nature, experienceability, familiar sights. With a tradition of more than 1000 years, grassland areas also represent memories, i.e., they are of importance in part of the individual identity of the people living in the regions of Baden-Württemberg characterized by grassland, providing security to them and, therefore, should be preserved for generations to come. 
The great cultural importance of the preservation of grassland in Baden-Württemberg is evident from the fact that this land has been protected for many years by the ban on plowing-up within the framework of the MEKA funding programs (see above), which cover about 80% of permanent grassland. Other Baden-Württemberg agricultural environmental measures, such as the Directive on Cultivation of the Landscape and the SchALVO, also support sustainable use and the preservation of grassland. In addition, maximum permissible plowing-up of grassland to produce arable land is limited within the framework of Cross Compliance (see above), and in all regional environments of PLENUM
, grassland areas hold an important position (LUBW 2006d). 

However, not all types of grassland utilization have the same impact on landscape (Table 7). Thus, mulching once, with a cut after July 15, does reduce the arisings of shrubs, but changes the scenery in such a way that these areas, for most of the year, are covered either with high grass or herb vegetation, or the gradually decomposing mulching material lies on the surface (Briemle 2005). As a rule, areas treated in this way have only very little flowering aspects. They have this latter aspect in common with intensive grassland which, however, exhibits clearly lower vegetation and, over vast regions, such as the Allgäu, at least has the aspect of flowering dandelion. 

Table 7:
Consequences for the landscape of various types of use

	Grassland use
	Positive
	Negative

	Mulching
	Grassland
	Few flowering aspects

	Production of hay for combustion
	Grassland, many flowering aspects
	 

	Grass silage production for biogas plant
	Grassland
	Hardly any flowering aspects

	Maize
	Open country most of the time
	Vegetation cover for only part of the year; at times, no “view of the distance”


Extensive meadows with one or two cuttings and removal of the material cut, because of their combination of long growth period and turning into a rough pasture, offer ideal conditions for a scenery changing in the course of the year without suffering from the “browning phase” of mulching after cutting. Compared to any other type of use, turning into a maize field must be considered negatively in its impact on landscape, as it produces a very monotonous picture with very high growth and occasional exposure of the brown soil.
Comparative Sustainability Assessment of Grassland Use for Energy Generation

As has been shown in the remarks based on the sustainability rules, the different types of use of surplus grassland for energy production in many cases have advantages over mulching (Table 8). Disadvantages arise mainly from the use of renewable resources. It is not yet sure how HCl emissions and dioxin / furan generation will develop. Table 8 shows that the use of extensive sites will benefit most for sustainable development from burning hay, but also that the balance is rather positive when biogas from intensive locations is utilized. 

Table 8:
Preliminary evaluation of the sustainability of various possible uses of surplus grassland areas for energy generation as compared to mulching

	 
	Grassland
	Turning

	Sustainability indicator
	Hay

(combustion)
	Silage

(biogas)
	Maize silage

(farming)

	SO2 emissions
	0
	++
	++

	NOx emissions
	--
	-
	-

	Particulates emissions
	-
	0
	0

	CO emissions
	++
	-
	-

	HCl emissions
	?
	?
	?

	Dioxins/furans
	?
	?
	?

	Health
	0
	0
	0

	Work
	+
	+
	+

	Income
	+
	+
	+

	Ensuring independent livelihood
	+
	+
	+

	Fair energy use
	+
	+
	++

	Fair CO2 equivalent distribution
	+
	+
	++

	Possible uses of the environment
	+
	+
	++

	Biodiversity
	+
	0 to -
	--

	Physical soil / water protection
	0
	0
	--

	Acidification
	-
	--
	--

	Eutrophication
	-
	--
	--

	Use of renewable resources
	0
	-
	--

	Use of energy resources
	+
	+
	++

	Climate change
	+
	+
	++

	Landscape
	+
	+ to 0
	-


Legend: ++ = considerably better, + = better, 0 = identical; - = lower, -- = considerably lower
On the whole, burning hay on extensive sites gives rise to better values than mulching. Combustion achieves the greatest advantage with respect to CO generation, but also in the areas of work and income, fair energy use and CO2-equivalent distribution, protection of biodiversity, and use of energy resources, climate change, and preservation of the landscape. In all these aspects, combustion offers advantages over mulching. However, these advantages are partly offset by the clearly higher NOx emissions and the associated higher acidification and eutrophication potentials. In addition, combustion is characterized by higher particulate emission levels. On intensive sites, combustion of surplus grassland growth consequently, as a rule, contributes to sustainability. However, efforts should be made to achieve more extensive reductions of NOx and particulate emissions.
The outcome is less unequivocal for the use of biogas from intensive sites. But again, the overview shows a slightly positive tendency of biogas utilization compared to mulching. The clearly lower SO2 emissions are offset, above all, by clearly lower values of acidification and eutrophication potentials. This domination by clearly negative effects is balanced out by the fact that the use for biogas generation has advantages over mulching in the areas of work and income as well as fair use of energy and CO2, conservation of energy resources, and contribution to climate change, which advantages are not offset even by slightly negative results in the areas of NOx and CO emissions. Whether a negative effect results for biodiversity depends on the initial conditions at the respective site, and on the type of mulching. Hence, overall assessment shows that, as a rule, also the use of intensive grassland acreage for energy generation from biogas may be considered another step towards sustainability. However, respective site conditions should be taken into account more strongly than in combustion, and further technical upgrading and process improvements should be sought especially in the reduction of acidifying and eutrophicating emissions. 

Much more differ the conversion of grassland into maize crop acreage. Maize cultivation has clear advantages with respect to the use of energy resources and the contribution to climate change, and also SO2 emissions are clearly lower than in the case of mulching and the use of fossil energy sources. In addition, there are slight benefits under the headings of work and income. But these advantages are offset by the very negative impacts on biodiversity, physical protection of soil and water, acidification and eutrophication, and the negative balance in CO emissions and landscape. This blend of positive and negative effects indicates that sustainability evaluations may result in different findings in each individual case, depending on location, type of management, and operation. 
For all three uses of surplus grassland growth, it can be said that most extensive utilization of heat will clearly improve the sustainability balance. This could be achieved, e.g. also by feeding biogas into a gas network and, in the case of combustion, into a district heat system.
The results outlined here are based on some preliminary estimates of consequences of different uses: mulching, combustion, silage with use for biogas production, and turning into maize crop areas. More detailed results will be furnished by the evaluation of mass flow calculations of emissions, energy input, and economic parameters. In those cases, reference will also be made to the dry fermentation of grass and maize and to the use of surplus grassland areas for short-rotation poplar plantations. The final project report will be available in the autumn of 2007
.
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� The Integrative Concept of Sustainable Development was applied to these areas in a variety of studies: development in Germany (Coenen/Grunwald 2003; Kopfmüller forthcoming), regional industries (Schäfer 2006), listed companies in Austria (Paulesich 2006), waste management (Hartlieb et al. 2006), mobility and transport as areas of activity (Keimel 2006; Keimel et al. 2004), living and building (Jörissen et al. 2005; Stelzer/Jörissen 2005). However, it also serves for the development of municipal indicator systems (Hartmuth et al. 2006), for planning a biorefinery (Schidler 2006), risk assessment for sustainable development of megacities (Kopfmüller/Lehn 2006), and as a module of education for sustainable development (Emmerich/Melzer 2006).


� For the results of these analyses, see Jörissen et al. (2001) and Coenen (2001).


� The statements below are restricted mainly to the German sustainability debate.


� There are proposals suggesting, e.g., to assign to the “culture and education” sector the role of a fourth dimension, as expressed by Rochlitz in his special vote on the final report by the Committee of Inquiry, “Protection of Humans and Their Environment” (1998, 225). Other authors plead in favor of introducing an “institutional dimension,” thus Minsch et al. (1998), and Forum Umwelt & Entwicklung (1997).


�There is no room here to consider in detail the implications of “enlightened anthropocentrism;” for more details, see Kopfmüller et al. (2001, 152 ff.).


� The grassland areas no longer required to produce roughage will be referred to below as surplus areas. 


� EU funds will be granted only if certain minimum standards are observed in environmental protection, animal and consumer protection.


� Reliability is formal accuracy. 


� The general explanations of the rules are mainly based on the publications by Kopfmüller et al. (2001), Grunwald et al. (2001), Coenen/Grunwald (2003), Jörissen et al. (2005), adapted to the respective project conditions.


� Technische Anleitung zur Reinhaltung der Luft (Technical Instructions for Clean Air). First general administrative rule associated with the Federal Environmental Impact Act.


� The 1st BImSchV is the first ordinance under the Federal Environmental Impact Protection Act regulating the environmental impact protection measures to be imposed upon small furnaces.


� Recommended values, unlike limits, are no legally defined limits, but serve as guidance.


� PM10 refers to particles smaller than 10 µm.


� Under the NEC directive, member countries are required to establish national programs for continuous reduction of SO2, NOx, NH3, and NMVOC emissions. These limits of total national emissions must be complied with by 2010.


� An employment rate of approx. 3 % is considered full employment (Brandl et al. 2003, 100), and is thus sustainable.


� An independent farmer in 2003/04 on a German national average had a gross income of Eur 17,600, which corresponds to a monthly income of Eur 1470. 


� In the Black Forest alone, tourism generated sales of Eur 10 billion (Touristik nördlicher Schwarzwald e. V. 2002).


� Intergovernmental Panel on Climate Change.


� Cf. Kopfmüller et al. (2001); Grunwald et al. (2001); Coenen/Grunwald (2003).


� One Terajoule (TJ) is 1012 Joule.


� Eudemonist values (from the Greek “eudaimonia” = happiness) relate to experiences or practices involving nature which are worthwhile “for their own sake” for a valuing subject (Ott 2000, 20).


� Projects run by the state for the preservation and development of nature and the environment.


� Regular mulching once a year.


� The results will be published under http://www.itas.fzk.de/mahp/stelzer/literatur.htm
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Tabelle1

				Biogas

																		Mulching		Dairy cattle		Biogas								Incineration

						Mais, Gras, Gülle						Gras, Gülle		Mais		Mais						Maize, extensive grassland		Maize, grass, semi-liquid manure		Maize		Grass		Hay						Poplar

						250 kW		100 kW		500 kW		100 kW		100 kW		284 kW						500 kW		500 kW		100 kW		100 kW		Small bales 30 kW		Round bales 89 kW		Pellets 40 kW		40 kW				Anlage

																														21.4		59.9		23.4		27.8				t FM

				Anlage		250		100		500		100GG		100Mais		284Mais						500MTF		500		100Mais		100Gras		18.2		50.9		21.0		20.9				t TM

				ha		203		81		405		87		59		162		113		113		627		405		59		113		4.7		13.1		5.4		2.3				ha

		SUPPLY		h		1917		767		3834		790		716		1845		1.2		54		4695		3834		716		952		11.6		3.6		2.8		8.2		h/Kuh		h/ha		Bereitstellung

		CONVERSION PLANT		h		621		582		878		566		579		638				0.5		1665		878		579		591		71.9		157.2		19.2		23.4		ha/Kuh		h		Feuerungsanlage

		Summe		h		2539		1349		4712		1356		1295		2483				108		6360		4712		1295		1543		15.4		12.0		3.6		10.4		h/ha		h/ha		Feuerungsanlage

				h/ha		12.5		16.6		11.6		15.5		21.9		15.3		1.2		108.0		10.1		11.6		21.9		13.7		27.0		15.6		6.3		18.6		h/ha		h/ha		Summe

		SUPPLY		h/ha		9.5		9.5		9.5		9.0		12.1		11.4		1.2		8.4		7.5		9.5		12.1		8.4		11.6		3.6		2.8		8.2				h/ha

		CONVERSION PLANT		h/ha		3.1		7.2		2.2		6.5		9.8		3.9		0.0		99.6		2.7		2.2		9.8		5.2		15.4		12.0		3.6		10.4				h/ha

		Betrieb		h/Betrieb		2539		1349		4712		1356		1295		2483		136		12174		6360		4712		1295		1543		126		204		34		42				h/Betrieb

				h/MWh		1.19		1.59		1.11		1.60		1.52		1.03						1.50		1.11		1.52		1.82

								2.3055555556
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Tabelle1

		CO2 Emissionen in t pro Kopf und Jahr

				May 71		May 81		May 91		May 95		May 98		May 99		May 00		May 04

		Germany*		12.7		13.2		11.7		10.7		10.5		10.3		10.1		10.29

		USA		20.7		20.1		19.1		19.5		20.4		20.5		20.6		19.73

		Japan		7.2		7.6		8.6		9		8.8		9.1		9.1		9.52

		France		8.4		7.7		6.5		5.8		6.2		6		6.2		6.22

		United Kingdom		11.5		10		10		9.4		9.2		9		8.9		8.98

		Italy		5.6		6.4		7.1		7.2		7.3		7.3		7.4		7.95

		Netherlands		9.8		10.7		10.9		11		10.9		10.5		11.1		11.41

		Sweden		10.5		8		5.6		5.8		5.6		5.4		5.9		5.8

		P. R. China		1		1.5		2.1		2.5		2.5		2.4		2.2		3.65

		India		0.4		0.5		0.7		0.9		0.9		0.9		0.9		1.02

		Bangladesh		0.1		0.1		0.1		0.2		0.2		0.2		0.2		0.24

		OECD		10.8		10.9		10.6		10.6		11		11		11.1		11.09

		World		3.9		4.1		4		3.9		3.9		3.9		3.9		4.18



&L&"Arial,Standard"&7Statistisches Landesamt Baden-Württemberg
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tab050100

		Abbildung 1

				1997		1998		1999		2000		2001		2002		2003		2004		2005

		Dairy cows		488,271		462,667		443,704		432,289		421,896		411,506		395,659		384,767		380,604

		Grass land area		644,946								635,967								631,637

		Milk / cow		5,063		4,976		5,077		5,267		5,408		5,518		5,783		5,809		5,867

				1997		1998		1999		2000		2001		2002		2003		2004		2005

		Dairy cows		100		95		91		89		86		84		81		79		78

		Grassland area		100		100		100		99		99		99		99		98		98

		Milk / cow		100		98		100		104		107		109		114		115		116
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Tabelle1

		CO2 BW

				1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002		2003		2004		2005		2006		2007		2008		2009		2010

		1.000t CO2		74,374		78,590		78,036		78,673		74,535		78,074		81,758		78,570		80,080		77,379		74,940		80,108		76,549		77,552		0		70000		0		0		0		0		65,000
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