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Development of a decision support system considering 
sustainability for selection of food drying technologies 

 
 

H. Do Thi Thu 
Institute for Process and Particle Engineering, Graz University of Technology, Austria 

huyen.dothithu@student.tugraz.at 
 
 
In this study an integrative approach of rule-based technique and fuzzy AHP is developed for selection 
of food drying technologies. The selection procedure comprises of two main steps: preliminary 
selection which narrows the range of dryers suitable for the product under consideration and the final 
selection which provides ratings of drying technologies within the predefined range according to a set 
of appropriate criteria. 
 
In the preliminary selection step, rule-based technique has been applied. The system comprises of 
three interactive components including knowledge base, database and inference engine structured on 
Excel platform. Logical statement is used to express the specifications of drying technologies and food 
products and to signify the expert knowledge on the suitability of the technology types with respect to 
the product specifications. Food drying technologies selection knowledge is then represented as IF-
THEN rule. In the final selection step, fuzzy AHP approach is used to define the rating and ranking of 
the selected drying technologies. There are 4 levels in the proposed hierarchy criteria system including 
Objective - Criteria - Sub-criteria - Alternatives. Considering the sustainability of the processes, 
energy performance criteria play the most significant role in the system and require adequate 
quantification. Criteria of product quality, economic performance and others are evaluated under 
qualitative judgments. The judgments are presented in the form of triangular fuzzy number. 
Weightings of drying technology alternatives are subsequently aggregated over the hierarchy using the 
two methods: aggregate rating for technology selection of the new facilities and base-case rating for 
technology change of the existing facilities. 
 
The results of this decision support system is expected to facilitate the decision making process in 
drying technology selection. It has been validated through several case studies and the results obtained 
are generally reasonable and consistent with the practical applications. This decision support system 
could be extended application to other thermal food processes including boiling, cooking, evaporation, 
sterilizing, distillation, and so forth. 
 
 

 

 

 

1. Chan, F.T.S. et al., 2006. An integrated fuzzy approach for the selection of manufacturing technologies. 

International Journal of Advanced Manufacturing Technology, 27(7-8), pp.747-758. 

2. Cebeci, U., 2009. Fuzzy AHP-based decision support system for selecting ERP systems in textile industry 

by using balanced scorecard. Expert Systems with Applications, 36(5), pp.8900-8909. 

3. Mujmdar, A.S., 2006. Handbook of Industrial Drying 3rd ed., Boca Raton: CRC Press. 

4. Önüt, S., Kara, S.S. & Efendigil, T., 2008. A hybrid fuzzy MCDM approach to machine tool selection. 

Journal of Intelligent Manufacturing, 19(4), pp.443-453. 

5. Shamsuzzaman, M., Ullah, A.M.M.S. & Bohez, E.L.J., 2003. Applying linguistic criteria in FMS selection: 

fuzzy-set-AHP approach. Integrated Manufacturing Systems, 14(3), pp.247-254. 



How to Measure Success of Environmental Innovations 

M. Dolinsky 

Department of Economics and Management, Pan European University 

dolinsky7@gmail.com 

Our research is devoted to Small and Middle Sized Enterprises (SMEs) and their (undiscovered) 

potential to proactively incorporate Corporate Social Responsibility (CSR) concept into their existing 

systems of control and management while preserving key competences and key business goals (e.g.: 

when manufacturer sets up a goal to innovate his product in order to rise its performance while 

consuming less energy and having lower negative environmental impact). CSR cannot be in a 

contradictory position with business intentions; CSR must in fact act as a source of innovation ideas 

(product, process, paradigm and organizational innovations) - only then we can label CSR as a viable 

business concept. Last but not least, SMEs must effectively communicate their “greener image” not only 

to customers, but to all stakeholders. There are two main fields, where CSR can help business to succeed. 

First – CSR has a potential to boost innovation performance and to help to differentiate from competitors, 

to help to realize higher innovation degrees of products, etc. Second – CSR is a concept SMEs can use to 

comply with environmental regulations. According to our findings, one of the main pillars CSR is based 

on is environmental innovation. In our opinion, every positive change towards sustainable future is a kind 

of innovation. We define innovation as – every change in the organism (product, service, technology, 

organizational structure, etc.) in the company, which tends to its new stage
1
. Our research is developing 

an ideological model, which is also able to distinguish among more successful and less successful 

environmental innovations. Our model takes into consideration both main fields, where CSR can help 

business to succeed. Model offers a description how environmental innovation helps SME to distinguish 

itself from competitors, how to measure innovation performance (e.g.: which innovation degree is 

reached), etc. The second field requires recognition of environmental regulations SME need to comply 

with. Generally, there are two sets of governmental instruments: Market based instruments (e.g.: 

subsidization, taxation) and conventional approaches towards regulating the environment (command-and-

control approaches)
2
. Model describes how environmental innovation can help to comply with these 

regulations. We also consider Maler & Vincent model
3
, which helps us to understand different 

consequences coming from taxation and subsidization. Environmental innovation is in our opinion tool 

enabling tax avoidance (not tax evasion) – e.g.: In case of environmental taxes imposed on pollution, 

subject is less or no taxed when making company processes climate benign. Costs of emission abatement 

have an ability to inform us about the success of environmental innovations. Marginal abatement costs 

(MAC) represent marginal cost of achieving a certain emission target given some level of output
4
 – 

therefore the change in MAC, positive or negative, is an expression of effect coming from realization of 

an innovation. MAC is being utilized also when policy makers implement a tax, the tax rate will be 

chosen to equal the level of marginal abatement costs of the firms at the level of emission reduction 

target
5
 – because it cannot be cheaper to pay the tax than to mitigate the pollution. Environmental 

innovations can lower MAC and enable tax avoidance to a company.  

 

1. MOLNÁR, P.  Innovation Management. Bratislava : University of Economics in Bratislava, 2007. p. 11. ISBN 

978-80-225-2493-3  

2. FREEMAN, J. – KOLSTAD, C. Moving to markets in environmental regulation: Lessons from twenty years of 

experience. New York : Oxford University Press, 2007. pp. 488. ISBN 0-19-518965-5 

3. MALER, K. G. – VINCENT, J. R. Handbook of environmental economics. Boston : Elsevier, 2005. pp. 1648. 

ISBN 0-444-51146-1 

4. KLEPPER, G. – PETERSON, S. Marginal Abatement Cost Curves in General Equilibrium : The Influence of 

World Energy Prices. Milano : Kiel Institute of World Economics, 2004. p.3, http://ssrn.com/abstract=615665    

5. OWEN, A. D. – HANLEY, N. The Economics of Climate Change. New York : Routledge, 2004. p. 122      

ISBN 0-415-28724-3 



A step towards sustainable production: 
biobased PHA production using animal 

slaughtering waste streams 
 

K. Shahzad, K.-H. Kettl, M. Narodoslawsky 
Graz University of Technology, Institute for Process and Particle Engineering 

k.shahzad@tugraz.at 

 

Increased cost for raw materials and competition to the food sector has resulted in a need to 
investigate cost reduction measures at input of processes. This can be done by discovering 
cheap raw material resources as well as implementing cleaner production studies. One of the 
cheap resources is use of waste streams as input materials for the processes. This usage not 
only reduces the cost for raw material, but also minimizes environmental emissions. 

ANIMPOL is an EU project which is focused on biopolymer production utilizing waste 
streams of animal slaughtering. The report describes the process design and ecological 
feasibility for biobased and biodegradable polyhydroxyalkanoates (PHA) production. 

Sustainable Process Index methodology has been used for Ecological Foot print evaluation 
and comparison of different production scenarios [1, 2]. Ecological hotspots within each 
process step are identified in order to focus further engineering attention to reduce 
environmental pressures and their mitigation using cleaner production which is already 
included in the process designing phase.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1. Sandholzer D., Niederl A. and Narodoslawsky M., 2005, SPIonExcel – fast and easy calculation of 
the Sustainable Process Index via computer, Chemical Engineering Transactions, 7, (2), 443-446. 

2. Narodoslawsky M. and Krotscheck Ch., 1995, The sustainable process index (SPI): evaluating 
processes according to environmental compatibility, Journal of Hazardous Materials, 41, 383-397. 



Treatment & Utilization of food plant wastes  
 
 

S. M. Mohsen**; H. Schnitzer*, S. Saad Abozaied** 
* Department of Food Science, Faculty of Agriculture, Cairo University, Giza, Egypt. 

* Graz University of Technology, Austria  
 
 
 

The present work aimed at utilization of different wastes generated from food processing of 
some fruits such as (strawberry, Apricot, Mango and Orange) into pulp, syrup and jam. These 
wastes were evaluated for their value compounds and products. The results showed that the 
solid wastes (pomace and seeds) from strawberry contained (28.74 mg/g of tannins, 23.67 
mg/g of Phenolics, 296.60 mg/g Carotenoids and 8 % of fiber). The strawberry waste had also 
antioxidant activity of 82.30 %.From mango processing the peels contained 68.75 mg/g of 
tannins, 19.29 mg/g of Phenolics, 125.55 mg/g of Carotenoids, 9.5 % of fiber and 7.6 % of 
protein. The peels had also antioxidant activity of 93.30 % .Mango kernels contained 63.37 
mg/g of tannins, 24.21 mg/g of Phenolics, 7.73 mg/g of Carotenoids and also it had a high 
content of fat and protein. The waste from the apricot i.e pomace contained 22.67 mg/g of 
tannins, 18.44 mg/g of Phenolics and 308.68 mg/g Carotenoids. The pomace waste had also 
antioxidant activity of 90 % .Mango seeds were found to contain high content of fat, protein 
and fiber. From the orange processing, peels contained 45.16 mg/g of tannins, 14.81 mg/g of 
Phenolics  337.19 mg/g of Carotenoids  and fiber.  This indicates that the wastes produced 
from the processing of strawberry, apricot , mango and orange could be utilized for 
production of bioactive compounds such as phenolic compounds , carotenoids , antioxidants 
and fiber . Such process would reduce the contamination sources and at the same time 
become as value added. 
 



Assessment of a Sustainable Waste Management System 
at Municipal Level

M. Ripa, G. Fiorentino, S. Mellino,S. Ulgiati
Parthenope University, Naples, Italy.

A number  of  new technologies  for  waste  treatment  have come into common use in  the  last  decade, 
making the best treatment option in the waste hierarchy highly questionable, with a consequent need for  
ways to determine optimal treatment systems. In the European context, this means that policy is currently  
moving  away from the  rigid  waste  hierarchy to  a  new system where  the  key  phrase  is  “life  cycle  
thinking”.  Since  the  mid-90s,  the  southern  Italian  city  of  Naples  and  surrounding  provinces  have 
struggled with waste management policies. In 2009 Naples produced 557.224 tons [1] of urban waste and 
the crisis of waste removal and disposal has not been totally resolved yet.  The aim of this study is to  
compare, from an environmental point of view, different alternatives for the management of municipal  
solid  waste  generated  in  the  town of  Naples.  A Life  Cycle  Assessment  (LCA)  approach is  used  to 
evaluate the environmental performances of an integrated waste management system and to identify the  
one with the best performance through a comparative analysis of different scenarios. The LCA approach 
provides an excellent framework for evaluating municipal solid waste (MSW) management strategies.  
Many of its applications in this field are focused on the use of the LCA methodology as a decision 
support tool in the selection of the best MSW management strategy (from an environmental point of  
view) in a wide range of countries including Italy [2, 3]. As a first step of a wider study, we carried out a  
preliminary assessment of the currently applied waste management (baseline scenario), using the city of 
Naples as a representative case study, with the aim of providing an overview of the present state of the art  
and  identifying  possibilities,  barriers  and  treatment  issues.  The  results  obtained  make  clear  that  the 
strategies and practices of waste management are no longer suitable solutions in affluent societies and 
that  holistic  solutions  aimed  at  waste  prevention,  remanufacture,  reuse,  recycling  are  essential  in  all  
societal sectors.

1.  ISPRA: Rapporto Rifiuti Urbani 2011 (in Italian).

2. Cherubini, F., Bargigli, S., Ulgiati, S., 2009. Life cycle assessment (LCA) of waste management strategies: 
landfilling, sorting plant and incineration. Energy 34 (12), 2116–2123.

2. De Feo, G., Malvano, C., 2009. The use of LCA in selecting the best MSW management system. Waste 
Management 29, 1901–1915.



Biogas in Burkina Faso: Influential factors of biogas 
projects in rural areas of Burkina Faso 

 
 

A. Aschaber 
University of Innsbruck 

andreas.aschaber@uibk.ac.at 
 
 
Burkina Faso is among the poorest countries in the world. Energy is a critical issue which need to be 
addressed in the country. The electrical power grid is insufficient and only available in urban centers. 
Consequently wood and charcoal is used in order to meet the basic needs for heating, cooking, and 
lightning by the majority of the population. The resulting overuse of natural energy resources in 
Burkina Faso has been causing massive deforestation and desertification on the one hand and on the 
other hand scarcity in fuel wood availability. 
 
A GTZ feasibility study concluded, biogas is thought to be one of the most sustainable solutions for 
developing energy self sufficiency in rural areas of Burkina Faso. Biogas is not a new concept in 
Burkina Faso, as the first biogas plants were already installed in the 70’s. Despite the long history of 
biogas none of the installed biogas plants have been operational for a long period of time. 
 
This work aims to gather the factors which influence the operation of biogas plants in Burkina Faso. 
 
The results are based on two field studies, following the grounded theory approach. During the field 
studies four sites of existing biogas plants were visited, five interviews with experts conducted, and 
two focus groups with potential users in a rural setting were conducted. The data was analyzed 
according to the qualitative content analysis. The systemic approach, including technical as well as 
socioeconomic aspects, yielded a wealth of factors which can potentially influence the success of 
biogas projects in rural areas of Burkina Faso. The study identified altogether 38 factors which were 
grouped into eight categories - socio-cultural, planning/construction, plant operation, economic, 
institutional, infrastructure, feeding material and competitive energies. 
 
The study revealed mayor shortcomings of past biogas projects in Burkina Faso. They originated 
mainly from non technical reasons and led in most investigated cases to an early stop of plant 
operation. The results are thought to provide a sound base for a sustainable management of future 
biogas projects in rural areas of Burkina Faso. 



Input-Orientated Environmental Assessment: 
The Material Footprint 

 
K. Wiesen, K. Bienge, M. Lettenmeier, C. Liedtke, H. Rohn 

Wuppertal Institute for Climate, Environment and Energy 
klaus.wiesen@wupperinst.org 

 
Environmental damage caused by humans is one of the major challenges of our time. The origin of 
environmental damage is the use of natural resources, which are being used for materials and energy 
production along the value chain and being turned into multitudinous emissions later on. These 
emissions in turn are - partly interacting with each other - resulting in various negative environmental 
impacts [1]. 
 

Since the Rio conference in 1992 [2], the discussion about the necessity to reduce the environmental 
impacts of any kind of product or activity has been on the political agenda. As a consequence, more 
and more companies recognize the necessity of acting eco-efficient. Approaches towards higher 
energy efficiency, lightweight materials and recycling have been put into praxis. But in many cases 
these approaches implicate the danger of rebound effects, which even may lead to negative 
environmental impact. Hence, an environmental assessment, which considers the lifecycle wide 
energy and material flows, is necessary. Regarding the common, mainly output- and emissions-
oriented, environmental impact assessment of emissions (outputs), there are many challenges leading 
to fundamental problems: Many emissions last decades or even centuries into the ecosphere, which 
makes the assessment of future impacts very difficult. In addition it can be assumed that we still know 
only a small amount of all existing environmental toxins, their interactions and the resulting impact on 
humans and nature. Thus an output assessment goes along with various uncertainties making the 
assessment very complex. Instead, an input orientated approach can provide an easier solution. 
 

The presentation aims at showing the environmental assessment approach “material footprint”, which 
reduces the described uncertainties that go along with output assessments. The material footprint is 
based on the fact that inputs into the human production and consumption system are partly turned into 
outputs and thus induce environmental impacts. That means a decrease of resources taken from nature 
(material inputs) also leads to a decrease of outputs (e.g. emissions, waste). The material footprint 
measures the resource use of goods or services in up to five resource categories [3,4]. 
 

In the presentation we show, how the material footprint considers the ecological concepts efficiency, 
sufficiency and consistency. We also present advantages and limitations of the material footprint 
compared to common environmental assessment approaches like life cycle assessment (LCA) 
according to ISO 14040/44 [5,6] or the ecological footprint [7]. Furthermore a comparison of the 
different approaches considering further application aspects for the use in praxis, such as transparency 
and complicity of application as well as reliability and comparability of the results is made. In addition 
the problem of the availability of life cycle data for the assessment approaches is discussed. Finally, 
we draw conclusions regarding how the different assessment approaches can complement each other. 
 

1. Schmidt-Bleek, F. (2009): The Earth: Natural Resources and Human Intervention. Haus Publishing. 
2. UN (1992): United Nations Conference on Environment and Development (UNCED or the Earth Summit). 
http://www.un.org/esa/dsd/resources/res_docukeyconf_eartsumm.shtml 
3. Lettenmeier, M.; Rohn, H.; Liedtke, C.; Schmidt-Bleek, F. (2009): Resource productivity in 7 steps. 
Wuppertal Spezial 41. Wuppertal Institut für Klima, Umwelt, Energie. 
4. Schmidt-Bleek, F.; Bringezu; S.; Hinterberger, F.; Liedtke, C.; Spangenberg, J.; Stiller, H.; Welfens, J. 
(1998): Materialintensitätsanalyse. Birkhäuser. 
5. ISO (2006): ISO 14040:2006. Environmental management -- Life cycle assessment -- Principles and 
framework. International Standard Organisation. 
6. ISO (2006): ISO 14044:2006. Environmental management -- Life cycle assessment -- Principles and 
framework. International Standard Organisation. 
7. http://www.footprintnetwork.org/en/index.php/GFN/ (29.11.2011) 



Households without a car in Germany, between 
sustainable transport and social exclusion 

 
 

G. Mattioli 
Dipartimento di Sociologia e Ricerca Sociale, Università degli Studi di Milano-Bicocca 

g.mattioli@campus.unimib.it 
 
 

Households without a car are at the intersection of two contradicting concerns: from a sustainable 
transport perspective, car-free living has to be promoted in order to stop the trend towards ever 
increasing motorization. This is more likely to happen in the core of urban areas, where transport 
alternatives are available. However, carless living is often the consequence of poverty and/or the cause 
of difficulties in accessing services and social exclusion, and is thus problematic from a social equity 
perspective. Of course, this association between car ownership and social inclusion is most likely to 
hold in contexts where car dependence is strong, such as suburban or rural areas, where a high level of 
mobility is required in order to participate “normally” in society. 
 
Accordingly, the size and the nature of the group of households without a car is expected to be highly 
variable according to the spatial characteristics of the local area: in dense urban areas, this group is 
expected to be large and complex, with an overrepresentation of households for whom car-free living 
is a matter of lifestyle choice. By contrast, in territorial contexts where the pressure of car dependence 
is high, households without a car are likely to be concentrated mostly among the poor and the elderly. 
In that sense, it might be argued that the internal structure of the group of households without a car is 
an useful indicator for the level of car dependence of a given local area. 
 
This conference paper explores this topic by presenting the results of a secondary analysis of data 
taken from the German national travel survey (MiD 2008). Using the tools of latent class analysis, it 
puts forward a typology of households without a car, which is described in relation to five dimensions: 
economic status, reasons for not owning a car, spatial characteristics of the residential area, 
accessibility to services and opportunities and actual mobility behaviour. 
 
The results are manifold: on the one hand, the carless group as a whole shows an extreme 
overrepresentation of singles, inactive households and the elderly – with active nuclear families 
virtually absent from the picture. On the other hand, the analysis shows the existence of two main 
groups of carless households, with quite different characteristics: a “hard core” of old, less mobile 
people, which represents about the same share of the population in every territorial contexts, and a 
group of younger, more mobile households, whose size is extremely variable depending on spatial 
features of the residential area. 
 
These findings invite to a critical discussion of the role of spatial planning in promoting car-free 
living: while the spatial context makes a big difference for certain kinds of households, for others car 
ownership seems to be an essential tool for daily life, that cannot be renounced. 



Seasonal tourism, critical stock-flow relations and island 

sustainability 
 

P. Petridis 
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In assessing the long term sustainability of a socioecological system and explore transition pathways 

towards a more sustainable future, one should not only account for biophysical flows, but also understand 

the changes in the social structure that support these flows. The concept of social metabolism 
(1,2)

, 

operationalized by the industrial ecology framework of material flow analysis (MFA) 
(3)

, is a first step in 

this direction. Its inherent strength lies in incorporating both the natural and social systems and focusing 

on the overlap between the two, i.e. the social activities which have a direct material impact on the 

ecosystem. 
 

The social metabolism approach can be particularly useful when applied to islands, because islands are 

closed systems in some regards, with clear physical boundaries, relatively small geographical areas, and 

comprehensible driving forces that can be disaggregated and experimentally controlled. Yet, in the 

modern, interdependent world, these same properties confront island populations with the challenges of 

limited resource availability, tenuous resource security, higher prices and limited natural carrying 

capacity 
(4)

. This makes islands excellent focal points for studies that systematically analyze the 

interactions between human activities and the environment, in an attempt to move toward systems and 

practices that are sustainable in the long-term. 
 

Using the island of Samothraki in NE Aegean (Greece) – a future UNESCO Biosphere Reserve in its 

entirety – as a case study, this contribution aims at advancing the concept of social metabolism with 

special reference to the specific constraints of the island context, where resource and user flows are not 

only limiting, but also highly fluctuating. We believe that in places where tourism, rather than industry, 

has been the primary economic driver, the role of tourists as key drivers of change must be specifically 

addressed. The key question we want to tackle is how the seasonal variability of tourist flows relates with 

the island’s infrastructure. Methodologically, we approach the issue by performing a more traditional 

MFA, also assessing which material flows are use-dependent, and complement this with an attempt to 

model the highly seasonal tourist flows, their respective material demands and the impacts this has on 

infrastructure. 
 

A comprehensive analysis of the flow of materials, as well as of resource users, is of crucial importance 

in order to assess the energy production, waste management as well as food production and consumption 

systems, highlighting opportunities for improving resource efficiency and self-sufficiency and evaluating 

the potential effects of localisation respectively. One can subsequently address those issues by aiming to 

maintain the level of service at reduced rates of resource use, following the idea that an environmental 

goal can bring about collateral socio-economic benefits, in the form of green jobs, improvement of the 

production/value chains of agriculture, income security, natural resource security and community savings. 
 

The strengths and limitations of the MFA approach, including overcoming problems of data availability, 

will be discussed and insights derived from our work in Samothraki will be generalised with great care. 

We suggest that in cases where resource users (in our case tourists) are highly fluctuating, modelling their 

distribution, as well as their material demands can help us better understand such a ‘dynamic’ social 

metabolism. Finally, the relevance of our approach and findings to local policy and community resource 

management is examined. 

 
1. Fischer-Kowalski, M. and Hüttler, W. (1998). Society's Metabolism. The Intellectual History of Material 

Flow Analysis, Part II: 1970-1998. Journal of Industrial Ecology 2 (4):107-137. 

2. Fischer-Kowalski, M. and Haberl, H. (eds.) (2007). Socioecological transitions and global change: 

Trajectories of Social Metabolism and Land Use, Cheltenham, UK; Northampton, USA: Edward Elgar. 

3. Weisz, H., Krausmann, F., Eisenmenger, N., Schütz, H., Haas, W. and Schaffartzik, A. (2007). Economy-

wide Material Flow Accounting: A Compilation Guide. Luxembourg: Eurostat. 

4. Deschenes, P.J. and Chertow, M. (2004). An Island Approach to Industrial Ecology: Towards 

Sustainability in the Island Context. Journal of Environmental Planning and Management 47 (2):201-217. 
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This project represents the idea of the author to provide accommodation for students through 
interesting designed habitats and to familiarize themselves with the ideas and the benefits of 
sustainable and eco homes. Taking into account energy crisis that is coming, as well as economics that 
plague the world, we come to the conclusion that these kinds of homes are the only solution. 
 
The idea is based on the principles of environmental protection, use of natural materials in 
construction and a great saving of energy required for maintenance. 
 
The basic form is circular shape – the most efficient energy form. Rounded form eliminates cold 
bridges and reduces the total area of the outer layer. To achieve a natural isolation, facility is located 
underground, which gave a new note to the architecture of building. Sealing is pushed to the maximum 
by isolation with expected flow of less than 0.1 l/sm2 which corresponds to all European standards, by 
which the energy losses are reduced to minimum. Ventilation is performed by special recuperation 
systems. The illumination is introduced over three-layered roof windows; space between these layers 
can be filled with krypton or xenon and glass coated with special films. 
 
Special attention was paid to housing medicine. To prevent the bad effect of Faradays cage the idea is 
to avoid the use of reinforced concrete and to install natural materials instead. Positive earth and space 
radiation are coming to the user, and thus stimulate the user's life. The roof structure is made of 
laminated wood carefully isolated. The whole structure is in detail drained, making it water-resistant. 
 
The idea of creating eco-settlement is an effective way of protecting the environment and preserving 
our planet, which begs for this. 
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Globally, buildings are responsible for approximately 40% of the total world annual energy 
consumption. Most of this energy is for the provision of lighting, heating, cooling, and air 
conditioning. Increasing awareness of the environmental impact of CO2, NOx and CFCs emissions 
triggered a renewed interest in environmentally friendly cooling, and heating technologies. Under the 
1997 Montreal Protocol, governments agreed to phase out chemicals used as refrigerants that have the 
potential to destroy stratospheric ozone. It was therefore considered desirable to reduce energy 
consumption and decrease the rate of depletion of world energy reserves and pollution of the 
environment. This article discusses a comprehensive review of energy sources, environment and 
sustainable development. This includes all the renewable energy technologies, energy efficiency 
systems, energy conservation scenarios, energy savings and other mitigation measures necessary to 
reduce climate change.  
 
 
There is strong scientific evidence that the average temperature of the earth’s surface is rising. This 
was a result of the increased concentration of carbon dioxide and other GHGs in the atmosphere as 
released by burning fossil fuels. This global warming will eventually lead to substantial changes in the 
world’s climate, which will, in turn, have a major impact on human life and the built environment. 
Therefore, effort has to be made to reduce fossil energy use and to promote green energies, 
particularly in the building sector. Energy use reductions can be achieved by minimising the energy 
demand, by rational energy use, by recovering heat and the use of more green energies. The study was 
a step towards achieving this goal. The adoption of green or sustainable approaches to the way in 
which society is run is seen as an important strategy in finding a solution to the energy problem. The 
key factors to reducing and controlling CO2, which is the major contributor to global warming, are the 
use of alternative approaches to energy generation and the exploration of how these alternatives are 
used today and may be used in the future as green energy sources. Even with modest assumptions 
about the availability of land, comprehensive fuel-wood farming programmes offer significant energy, 
economic and environmental benefits. These benefits would be dispersed in rural areas where they are 
greatly needed and can serve as linkages for further rural economic development. The nations as a 
whole would benefit from savings in foreign exchange, improved energy security, and socio-economic 
improvements. With a nine-fold increase in forest – plantation cover, the nation’s resource base would 
be greatly improved. The international community would benefit from pollution reduction, climate 
mitigation, and the increased trading opportunities that arise from new income sources. The non-
technical issues, which have recently gained attention, include: (1) Environmental and ecological 
factors, e.g., carbon sequestration, reforestation and revegetation. (2) Renewables as a CO2 neutral 
replacement for fossil fuels. (3) Greater recognition of the importance of renewable energy, 
particularly modern biomass energy carriers, at the policy and planning levels. (4) Greater recognition 
of the difficulties of gathering good and reliable renewable energy data, and efforts to improve it. (5) 
Studies on the detrimental health efforts of biomass energy particularly from traditional energy users. 
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Current safety standards for water quality do not specify what level of viruses should be considered 
acceptable. One of the most important roles of water treatment is to protect public health from waterborne 
pathogens. Reclaimed wastewater is a considerable water resource in Morocco and evaluation of viral 
contamination is necessary to decrease the impact of treated effluent discarded into the environment. 

The aims of this study are: 
- To compare two virus concentration methods from wastewater using cell culture and real time 

PCR. 
- To evaluate the presence of enteric viruses in treated effluent by lagooning and their seasonal 

distribution. 

One year (2009) survey was conducted to examine the enteroviruses (EV), adenoviruses (HAdV), 
noroviruses (NV), astroviruses (AsV), rotavirus (RV) and hepatitis A and E viruses (HAV and HEV) 
presence from 25 inlet and 25 outlet of two wastewater treatment plants in Morocco, located near 
Casablanca city. Two virus concentration methods were compared, the first one was described by Meleg 
et al. 20061 and the second advised by WHO guidelines2. Molecular biology techniques were applied to 
detect and type viruses, and statistical analysis was applied. 

Based on our statistical results, the two methods were not significantly different. Considering the 
protocol time and cost, the first method could be an alternative method for viral particles 
concentration in wastewater. In total, all enteric viruses have been detected in analysed samples. 
Analytically, HAdV, EV, RV, HAV, NV, HEV and AsV were found in 48%, 40%, 12%, 12%, 10%, 
10%, 4% of samples, respectively. The seasonal distribution of virus presence demonstrates that 
adenoviruses are present throughout the year with local fluctuations. The widespread distribution of the 
found viruses with high loads of HAdV in the analysed water suggests the relevance of evaluating these 
viruses as positive indicators of viral contamination in water. 
The data found confirm the resistance of infectious EV and HAdV to lagooning wastewater treatment. 
Our study demonstrates the benefit of environmental surveillance as a tool to elucidate the molecular 
epidemiology and circulation of viruses. This monitoring is especially useful when combined with other 
components of the qualitative microbial risk assessment (QMRA) framework such as wastewater 
dispersion modelling and calculations of health risks. 

 

 

 

 
1. WHO, 2003. Emerging issues in water and infectious disease. http://www.who.int/watersanitation 

health/emerging/emerging.pdf. 

2. Meleg, E., Jakab, F., Kocsis, B., Banyai, K., Melegh, B ., Szucs, G., 2006. Human astroviruses in raw sewage 
samples in Hungary. J. Appl. Microbiol. 101, 1123-9. 
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Due to intensive anthropogenic land use there is a high deficit of intact river landscapes. This has 
negative consequences for fulfilling the ecological objectives that are stated in the EU Water 
Framework Directive (1). According the national water management plan about 70% of Austrian 
surface waters do not meet the target “good ecological status” (2). This has an effect on the availability 
of river functions relevant for conservation of nature and socio-economics. These functions can be 
summarized under the term “ecosystem services” which are the benefits an ecosystem provides for 
humans. 
 
The current research project aims to establish a link between the ecological river status and the 
provision of ecosystem services. The supply as well as the deficits of services and functions of 
differently used rivers shall be identified and compared. The results of this survey will serve as a basis 
for future management and conservation programmes. Furthermore, the results should contribute to 
foster the understanding of the effects of human behaviour on the availability of natural resources.  
 
Another objective is to put the human-nature -relationship of different stakeholder groups in context 
with the ecosystem-service model. On the one hand, the project intends to determine whether 
underlying patterns of human-nature-relationship can be found. On the other hand, the aim is also to 
figure out, which ecosystem services are considered as relevant by different stakeholder groups. 
Finally the thesis aims to identify a correlation between different patterns of human-nature-
relationship and the preferences for different ecosystem services within the stakeholder groups. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1. Directive 2000/60 EC of the European Parliament and of the council of 23 October 2000 establishing a 
framework for Community action in the field of water policy 

2. BMLFUW (2010): Nationaler Gewässerbewirtschaftungsplan. 2009 – NGP 2009 (BMLFUWUW. 4.1.2/0011-
I/4/2010). 
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In the context of Croatian accession to the EU and legal requirements to implement relevant directives in 
urban wastewater collection-treatment-disposal sector, a number of Croatian coastal agglomerations 
(currently not equipped with adequate solutions) will need to upgrade their systems with new 
infrastructure. In terms of disturbances accompanying the progress of durable civil works, among the 
most sensitive are coastal collectors (interceptors) which require extensive construction works, normally 
taking place in spatially confined and highly urbanized city waterfront environments. In such conditions, 
a number of inevitable negative impacts on adjacent buildings and other urban infrastructure can be 
expected, mainly as a result of application of conventional (tipically very “aggressive”) construction 
methods. 

This paper presents the basis of the alternative concept of design and construction of wastewater system 
key buildings in coastal cities’ waterfront zones - where long-shore transport of collected wastewater 
must be ensured by long coastal interceptors running parallel to the shore. Prototype of the alternative 
solution is the result of authors’ intent to exploit and integrate different advantages of several compatible 
construction elements bound to co-exist in coastal environment: (a) prefabricated segmented reinforced-
concrete quay-wall elements (b) open-trench-type wastewater lifting station and (c) partially submerged 
polyethylene sewer pipe made of continuously extruded long pipe sections. 

Each of the above elements has been successfully implemented in a number of previous projects, but 
simultaneous implementation of all three key components of the prototype solution is not recorded so far. 
Therefore, a number of possible environmental, structural, geotechnical and hydraulic implications of the 
analyzed solution were supposed to be thoroughly examined in the prototype development phase and, 
consequently, tested on the model scale. The intention of the authors is to present preliminary results of 
the study to a wider public and subject them to critical scrutiny from a multidisciplinary perspective 
and/or sustainability standpoint. 
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On signing the Kyoto Protocol, EU member states committed themselves to reducing total annual 
greenhouse gas emissions by 8 % between 2008 and 2012 (against levels for the base year 1990). As a 
result of the burden sharing agreement, Austria faces a greenhouse gas emission reduction target of 13 %. 
In order for Austria to reach its greenhouse gas reduction targets the Emissions Trading Scheme of the 
European Union (EU ETS) was implemented. This covered the energy and industry sectors in its first two 
trading periods, but not the waste sector. 

The aim of the present study is to examine the potential impact of applying the EU ETS in the Austrian 
waste sector. Taking the present situation of the Austrian waste sector as a starting point, an attempt is 
made to identify the specific perceptions of those involved. 

Two different research methods were used: (i) A qualitative empirical analysis to assess expert opinion, 
and (ii) a quantitative empirical analysis to assess practitioner opinion. For (i), 19 non-standardized, 
guideline-based interviews were conducted with experts in fields of emissions trading and waste 
management. For (ii), a standardized online questionnaire was sent to 870 enterprises in the Austrian 
waste sector. The effective response rate was 12 %. 

The results of the qualitative and quantitative data were first analysed separately. More in-depth 
understanding of the topic was then subsequently achieved by analysing the commonalities and 
differences in the information collected. For example, one thing that both target groups hold in common 
was the belief that as far as the next ten years are concerned, an inclusion of the waste sector in the EU 
ETS is neither sensible nor realistic under the current framework conditions. Another commonality is that 
both groups think that waste sector inclusion will result directly in higher costs. The two groups differ, 
however, concerning the possibility of passing on such additional costs. The majority of Austrian waste 
sector practitioners see cost pass-through as both possible and likely. In contrast, owing to the prevailing 
intensity of competition, experts see cost pass-through as being very difficult if not well-nigh impossible. 
Further, both groups also agree that waste sector inclusion would not necessarily produce a competitive 
disadvantage.  

In sum, the comparison shows that the differences of opinion between the two groups stem largely from 
the existence of different levels of respective knowledge. In general, experts are better informed about the 
EU ETS and related framework conditions and have a more realistic estimate concerning how specific 
companies might be affected. In contrast, practitioners appear to be relatively uninformed and focus 
mainly on the perceived negative effects of waste sector integration.  

Based on the present analysis, there is thus a clear need to improve the flow of information concerning the 
EU ETS and the related framework conditions. 

 

 

1. United Nations Framework Convention on Climate Change (UNFCCC) (1998) Kyoto Protocol to the 
United Nations Framework Convention on Climate Change. 

2. Directive 2009/29/EC of the European Parliament and of the Council amending Directive 2003/87/EC so as 
to improve and extend the greenhouse gas emission allowance trading scheme of the Community. April 23, 2009. 
Strasbourg/ France. 
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Recently, the issues focused on distribution analysis are taking greater interest in ecological economics. 
This is partly due to the greater availability of data, that allows analysis on issues of ecological 
convergence between countries, or equivalently, the evolution of inequalities between countries in terms of 
pollution, consumption of materials or energy efficiency, etc. Nevertheless, the most important feature that 
makes this topic coming up is the warning of ecological crisis, which is the collapse of the three highly 
correlated ecological functions: resource supply, waste assimilation and environmental services. The 
responsibility of that ecological collapse might not be equally distributed. The deeper the ecological crisis 
gets, the more essential it is to know how responsibilities must be allocated in order to achieve political 
consensus. Furthermore, there is an ethical motivation in knowing how the depletion of these functions is 
being distributed. In fact, as far as sustainability is concerned, it is defined as “meeting the needs of the 
present without compromising the ability of future generations to meet their own needs”. Therefore, an 
accurate reading of such definition will make us notice that not only intergenerational justice is concerned 
but also intragenerational is on the table. Thus, regarding this framework, distributional analysis emerge as 
an important tool to policy makers. 
 
As a result, inequality analysis in environmental issues is of paramount importance. This is the reason why 
in this paper we analyze the distribution of consumption of renewable resources as they are defined by the 
Ecological Footprint (EF) framework. Our methodology consists of the widely known income inequality 
tools as well as polarization tools. 
 
The EF of a country consists in calculation of how much land area is appropiated by a certain population in 
order to satisfy their needs in consumption of goods or services, regardless of where these lands are located. 
Therefore, there may be situations in which the country’s EF is larger than its national territory. This is 
because the country appropriates unused current biocapacity of other countries or, in some cases, the 
appropiation is on future generation’s biocapacity. After all, allocation of resources is determined by 
neither ethical nor ecological criteria, but by the dominance of market mechanisms (Røpke, 2004). Thus, 
EF crystallize in its own definition unequal relations between countries and generations. So its 
distributional analysis allows us to capture a completely different approach on ecological distribution 
problems. This is the reason why the application of distributional analysis of the EF is of great interest. 
 
With a sample of 119 countries along 47 years (1961-2007), we show that when EF is concerned the 
convergence hypothesis should be rejected, i.e. inequality doesn’t fall along the period. In contrast, the 
previous literature suggests that countries do converge since they use other indicators. Additionally, we 
have decomposed the inequality evolution by subgroups and by additive factors. The former shows us that 
inequality is mainly explained by “between” inequality instead of “within” inequality (using exogenous 
countries classification) whereas the latter demonstates that inequaility in carbon footprint presents a 
growing trend untill it explains the bulk of the global EF inequality. These results complete the existing 
evidence in the literature. 
 
Finally, we suggest the polarization framework for analysis of the EF distribution, which has not been 
applied in the literature before to our best knowledge. Polarization measure provides with more information 
than inequality tools, such as inherent conflict or inestability in the distribution. The notion of polarization 
consists in examining the degree to which the EFs of the countries are allocated around different poles of 
the distribution and, therefore, creating significantly homogenous groups which are different between them. 
Thus, polarization concept is a function of identification within own group and alienation towards the other 
groups. We track the polarization index using both endogenous and exogenous approaches on groups 
generations (Esteban et al, 1999, Esteban et al. 2004) as well as the analysis on Identification-Alientalion 
decomposition proposed by Esteban et al (2004). 
 
In summary, the path to sustainability requires at least two stages: firstly, the achievement of international 
agreements, and secondly, effective policies. The success of both highly depends on a prior knowledge on 
distribution issues. 
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The concept of resilience has emerged relatively recently in the scientific debate. The use of the term 
Resilience has its root in material sciences and originally describes (1) “the capability of a strained body 
to recover its size and shape after deformation caused especially by compressive stress” or, more 
generalized, “2: an ability to recover from or adjust easily to misfortune or change” [1]. Recently a wider 
concept of resilience has emerged. First, Holling [2] has taken up the figurative and inspiring term to 
describe ecosystems; it has since then been used in other contexts, lately also increasingly in social 
sciences to describe community or individual resilience. Clearly resilience is becoming increasingly 
important for approaches fostering sustainable development. To date we have found more than 28 
definitions of resilience.  

A general consensus exists on two important properties of the resilience definitions in literature (1) 
Resilience is better conceptualized as an ability or process than as an outcome, (2) Resilience is better 
conceptualized as adaptability than stability [3]. With respect to energy systems it appears that definitions 
focusing on the system’s function and also taking into account not only the (unwanted) deviation from a 
reference state, but also the possibility (probability) to adapt to opportunities or innovation. We built on 
the definition that [4] frame for energy systems: ‘‘A resilient energy exhibits adaptive capacity to cope 
with and respond to disruptions by minimising vulnerabilities and exploiting beneficial opportunities 
through socio-technical co-evolution. It is characterized by the knowledge, skills and learning capacity of 
stakeholders to use indigenous resources for energy service delivery.’’ 

Definitions of resilience, vulnerability and adaptability are very much interlinked and it seems to be not 
always clear where the line between the different terms is. [5] We propose to use a framework where the 
understanding of vulnerability refers a risk hazard approach widely referred to in engineering and 
economic literature.  An energy system with higher adaptive capacity and fewer exposed vulnerabilities is 
more resilient; Consequently, as single measure for resilience (R) = adaptability (A)/ vulnerability (V) is 
proposed, but keeping both indicator sets for vulnerability and adaptive capacity, to make the underlying 
assumptions more comprehensive is suggested. We present a set of over 45 suitable indicators that we 
have identified and classified accordingly.  

 

 
1. Encyclopedia - Britannica Online Encyclopedia. http://www.britannica.com/bps/dictionary?query=resilience 
[accessed 5.9.2011]  

2. Holling, CS. 1973. Resilience and stability of ecological systems. Annual review of ecology and systematics 4: 
1–23 

3. Norris, FH, Stevens, SP, Pfefferbaum, B, Wyche, KF, Pfefferbaum, RL. 2008. Community resilience as a 
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4. O’Brien, G, Hope, A. 2010. Localism and energy: Negotiating approaches to embedding resilience in energy 
systems. Energy Policy 38: 7550-7558 
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understanding community resilience to natural disasters. Global Environmental Change 18: 598-606 
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Water is central to human health and dignity “Not having access” to water and sanitation is a form of 
deprivation that threatens life, destroys opportunity and undermines human dignity (HDR, 2006). 
Viewed from a perspective of aggregate water use, this imperative to manage water resources seems 
unwarranted since it appears that water is so abundant relative to human needs that little effort should 
be needed to manage it. However, the availability of water is not uniform across all parts of the globe. 
Thus, high levels of local demand and inadequate supplies across many parts of the developing world 
have led many to argue over the past decades that the world was facing a water crisis and that ´A water 
problem is really a people problem` (Agnew et al, 2011). 
 
There are at least 1.1 billion people across the world that do not have access to safe drinking water and 
2.6 billion who live without adequate sanitation the majority of whom live in rural areas of the 
developing world (WHO\UNICEF, 2000). In Africa safe water supply is estimated at 62% with 47% 
coverage in rural areas (Mathew, 2004). According to Mathew (2004) in whatever form one defines 
poverty, lack of access to safe water is both a symptom and a cause of the former. Poverty is a major 
driver of environmental damage since poor people were led to overexploit natural resources in order to 
survive. This calls for more equitable development as a means of resolving both social and 
environmental ills. Therefore, effective governance of water resources can have much wider social, 
ecological and economic benefits given the strong relationship between water and development. 
 
Despite of this, there are all signs to suggest the water crisis is getting worse and will continue to do so 
unless corrective action is taken and that this crisis is one of governance essentially caused by 
ineffective governance mechanisms especially in developing countries. For instance, despite of its 
effects on sustainable and effective governance, participation as a concept in service delivery and 
management of crucial resources like water is not well understood and documented at different levels 
of service delivery (community, regional and national) particularly in the area of access to and 
management of safe water systems in Uganda. Access to household water and treating water borne 
diseases is considered a major responsibility of women, yet the efforts geared towards improving the 
management of water resources and extending access to safe water, often overlook the central role of 
women in water management. As a result social exclusion remains salient with implications on 
sustainable access to safe water and gender equality. This do not only plunge rural households into the 
vicious trap of poverty but also hinders efforts to achieve sustainable development. It is in this context 
that a literature-based analysis looks into the role of local participation for sustainable and effective 
water-management in developing countries like Uganda. This analysis forms the first part of a PhD-
project that is written within the transdisciplinary Doctoral School Sustainable Development at 
BOKU. In a comparative case-study analysis that will be the next important step, Ostrom’s 
Institutional Analysis and Development Framework will be applied to study the state of local 
stakeholders and women participation in water resources management and decision making process in 
rural Uganda. 
 
Agnew et al. (2011): Water Resources and Development, Routledge. London and New York. 
Mathew Brian (2004): “Ensuring Beneficial Outcomes for Water and Sanitation (WATSAN) Programmes in the Developing World” 
PhD Thesis. 
Institute of Water and Environment, Cranfield University. 
Ostrom E, Governing the Commons (2008): The Evolution of Institutions for Collective Action. Cambridge University Press, 
Cambridge. 
UNDP (2006): Human Development Report: Beyond scarcity: Power, Poverty and the Global Water Crisis. http://hdr.undp.org/ 
(25.11.2011) 
WHO\UNICEF (2000): Global Water Supply and Sanitation Assessment 2000 Report. 
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The term sustainability was formally introduced in 1987 by the World Commission on Environment and 
Development and ever since, it has been used in all levels of society. As sustainable development was 
confirmed as a guiding principle in the World Summit of Sustainable Development in 2002, the life cycle 
aspect was added: product systems have to be analyzed during their entire life cycle and the management 
should use life cycle thinking [1, 2]. The Life Cycle Initiative, which was formed as a result to the request 
of the World Summit to promote sustainable consumption and production patterns, published recently a 
report to lay grounds for a life cycle sustainability assessment (LCSA) from this basis [3]. It combines life 
cycle assessments (LCA’s), life cycle costing (LCC) and social life cycle assessment (S-LCA). 

Nevertheless, even though an assessment framework has already been presented, there are still areas of 
development for advancing the implementation of LCSA. One of the mentioned areas in the recent LCSA 
framework is the call for “development of more streamlined approaches that analyse the whole picture”. 
Finkbeiner at al. [4] remark similarly, that “another challenge is a comprehensive, yet understandable 
presentation of the results [of a sustainability assessment]”. It seems that also diverse management tools 
are needed to complement the analysis of material flows in order to control, reduce or prevent 
sustainability impacts of a defined system [5]. The underlying study in corporate environmental 
management will primarily be focusing on the development and testing of streamlined approaches for 
assessing sustainability. The secondary research focus is the choice of specific indicators against which 
sustainability should be assessed and monitored on a sector specific level, due to the fact that impacts 
vary across sectors. In this case the focus is tentatively on environmental sustainability. 

This study aims to contribute to these needs:  

1) Finding streamlined ways for life cycle based and sustainable strategies and presenting results  
2) Participating in developing (environmental and sector-specific) sustainability criteria  

A large variety of data has been collected and mixed methods will be used. There are currently four 
separate studies discussing the above mentioned questions. First, a constructive approach to life cycle 
based, climate-related sustainability strategies is under review, as a result of which a streamlined tool is 
presented for companies to assess and present product-related strategic choices. The tool offers 
companies a way to be aware of and relate their activities to climate change and incorporate its 
opportunities and threats in long-term strategic planning [6]. A study about the evaluation of a 
streamlined sustainability assessment framework is being drafted currently, in which the main emphasis is 
on whether or not the use of a streamlined tool has been able to generate concrete changes in the target 
organisations. A third study will be a trial use of the streamlined analysis tool in the policy framework in 
conjunction with the EU’s BalticClimate programme. Seven case studies will be carried out within the 
Baltic countries to provide recommendations. Additionally, an evaluation framework of the 
environmental sustainability of biorefinery businesses is being finalized at present.  
1. UNEP. 2002. United Nations World Summit on Sustainable Development. Johannesburg (South Africa).  

2. Swarr TE, Hunkeler D, Klöpffer W, Pesonen H-L, Ciroth A, Brent AC, Pagan R. 2011. Environmental life cycle 
costing: a code of practice. Society of Environmental Toxicology and Chemistry (SETAC): Pensacola (FL). 

3. Valdivia S, Ugaya CML, Sonnemann G, Hildenbrand J (eds.) 2011. Towards a life cycle sustainability assessment. 
Making informed choices on products. Paris ISBN: 978-92-807-3175-0  

4. Finkbeiner M, Schau MS, Lehmann A, Traverso M. 2010. Towards life cycle sustainability assessment. 
Sustainability 2: 3309-3322. 

5. Pesonen H-L. 2005. Material flow management as an instrument for environmental management, in Holländer R, 
Salonen T, Chunyon W, Yong G (eds.), Sustainable Management of Industrial Parks, Logos Verlag, Berlin. 

6. Pesonen H-L, Horn S. (unpublished). A constructive approach to climate change strategies in SME’s. 
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Human beings are not born fully mature, but must be educated to maturity. Within the scope of 
education for sustainable development, the special focus on education to maturity must be increased 
vehemently. 
 
From recent research [1][2] it can be concluded, that the picture of the sovereign consumer, making 
mature decisions, seems to be more of an illusion than a realistic description.  
 
There are many available strategies, which explain various elements necessary to achieve the aims 
defined by the UN’s Decade of Education for Sustainable Development (ESD) [3], but none of them 
provides detailed proposals for action. 
 
At the moment there are hardly any specific or effective delineations of action for pedagogical practice 
to raise human beings to maturity even though this has been defined by Klaus Mollenhauer as an 
educational goal for several years. 
 
This research aims to develop a clearly defined and well phrased delineation of actions for pedagogical 
practice to reinforce maturity and to support sustainable styles of consumption of school students in 
Austria. The study will be based on a theoretical and an empirical survey, both centred on the 
following research issue: Which specific measures have to be taken to raise Austrian school students 
to maturity, as defined by Immanuel Kant [4], and prepare them for their role as critical consumers? 
 
In addition to this research question, there are some other issues to be dealt with: Are Austrian 
consumers mature in their consumption decisions? On the basis of which behaviour or skills is it 
possible to identify maturity and how can maturity possibly be made measureable? What educating 
practices can support maturity? 
 
In order to answer these questions, criteria to make maturity measurable and verifiable have to be 
identified for the purpose of creating a questionnaire about maturity and the mature consumption 
behaviour of school students in Austria. After the successful implementation and analysis of this 
questionnaire, a specific and effective delineation of actions for pedagogical practice will be 
developed. 
 
 
 
 

1. Schwan, Patrick (2009): Der informierte Verbraucher? Das verbraucherpolitische Leitbild auf dem Prüfstand. 
Eine Untersuchung am Beispiel des Lebensmittelsektors. Wiesbaden: Verlag für Sozialwissenschaften. 

2. Tully, Claus/Krug, Wolfgang (2011): Konsum im Jugendalter. Umweltfaktoren, Nachhaltigkeit, 
Kommerzialisierung. Schwalbach: Wochenschau Verlag. 

3. UNESCO Education Sector (2005): United Nations Decade of Education for Sustainable Development (2005-
2014): International Implementation Scheme. [http://unesdoc.unesco.org/images/0014/001486/148654e.pdf]. 

4. Kant, Immanuel (1784): Beantwortung der Frage: Was ist Aufklärung? In: Berlinische Monatsschrift. Vierter 
Band. 12/1784. Berlin: Haude und Spener. S. 481-494. 
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The objective of this study was to compare the ethanol separation from aqueous solutions by extraction 

and gas stripping process. Liquid–liquid extraction (LLE) of ethanol was performed using 1-octanol as 

the extractant. The distribution coefficient of ethanol in water /1-octanol system was determined  

(KDE = 0,6). Equilibrium distribution coefficients for ternary system (ethanol + 1-octanol + water) were 

determined at 25 °C under atmospheric pressure and related separation factor for extractive ethanol 

removal from ethanol-water mixture have been calculated (α = 6).  

Ethanol elimination from aqueous solutions by gas stripping (GS) in the stripping column was 

investigated. A stream of air, nitrogen and carbon dioxide was sparged through a stripping column with 

the porous sintered glass (porosity 1) as gas sparger in order to remove the ethanol from the same aqueous 

solution as by LLE. Mass transfer coefficients of ethanol for this system were determined. 

LLE and GS were integrated in biotechnological process of bioethanol production. Mathematical model 

of simultaneous extraction-fermentation-product-recovery system (SEFPR) for ethanol production from 

sugar beet cossettes was used for the mathematical description of integrated bioprocess and for the 

calculation of its benefits (in order to compare new process toward classical ethanol production). 
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Sugar beet pulp (SBP) was hydrolyzed with combinations of commercially available fungal enzymes 

(Ultrazym AFP-L, Viscozyme L, Pectinase and Cellulase) and wood-rotting fungi (Trametes multicolor, 

Sclerotium rolfsii and Neurospora crassa) lignocellulolytic enzymes. Among the tested enzymes, the 

plant pathogen Sclerotium rolfsii was found to be the best-performing fungus and it was chosen for 

further research. Current research activities were focused on the optimization of the hydrolytic process 

using a factorial design approach and response surface methodology (RSM). The effect of various 

experimental parameters and their interactions with each other was evaluated using those methods and 

consequently the optimum conditions were accomplished. The set-up parameters were the enzyme loads 

(1, 2, 3, 4 µL total enzymes / mg SBP), pH (3, 4, 5, 6, 7) and temperature (20, 30, 40, 50 
o
C). Using 

statistical design methodology, it was observed dramatically reduce of the required enzyme loads to only 

2 µL total enzymes / g SBP, at the optimal pH and temperature value. Optimal parameters of hydrolytic 

process would apply in the further investigation of SBP hydrolysis to obtain more economical process for 

biofuels, biopolymers or biochemicals production. 
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 As natural sources of fossil fuels deplete and demand for energy grows, alternative energy 
sources are required. Bioethanol and biodiesel are classified as renewable fuels meaning that they are 
produced from renewable materials and can also contribute to cleaner and safer environment. 
Integrated bioprocess combines different steps in the ethanol production (fermentation, separation) in 
one single unit thus making it more cost-effective and energy saving (1). Different cultivation 
techniques, weather using liquid or solid substrate, can significantly increase ethanol yield and 
consequently improve the performance of the bioprocess. 

 In this investigation ethanol production from the raw sugar beet cossettes in a horizontal 
rotating tubular bioreactor (HRTB) was studied by the use of Saccharomyces cerevisiae as a 
production microorganism. In this research the effect of different process parameters of HRTB [e.g. 
inoculum content (9.1 - 23.1 % V/m raw sugar beet cossettes) and bioreactor rotation speed 
(periodical, constant (5 - 15 min-1) or defined rotation period (3 - 15 min/h)] on the bioprocess 
performance was examined. Bioprocess conduction was monitored by measuring substrate and 
products concentrations. On the basis of bioprocess efficiency parameters comparison between 
experiments in different operational conditions was made. 

 During ethanol production in the HRTB (by the periodical HRTB rotation) from the raw 
sugar beet cossettes with inoculum of 16.7 % V/m (raw sugar beet cossettes) the highest ethanol yield 
of 54.53 g/L, production efficiency of 79.5 % and productivity of 0.476 g/Lh (2). At the same time, 
ethanol production in the HRTB with inoculum of 16.7 % V/m (raw sugar beet cossettes) and constant 
bioreactor rotation speed of 15 min-1 resulted in ethanol yield of 37 g/L, production efficiency of 49,4 
% and productivity of 0.195 g/Lh. Ethanol production in the HRTB with of 16.7 % V/m (raw sugar 
beet cossettes) and defined rotation period (3 min/h) by the rotation of 10 min-1 gave ethanol yield of 
64,12 g/L and bioprocess efficiency 73,2 % and productivity of 0.543 g/Lh.  

 On the basis of the obtained results, it is clear that raw sugar beet cossettes can be 
successfully used for ethanol production. Operational conditions of HRTB have significant impact on 
the bioprocess performance and therefore they have to be optimized in order to achieve the highest 
bioprocess efficiency. 

 

1. Carlos A. Cardona, Oscar J. Sanchez, Fuel ethanol production: Process design trends and integration 

    opportunities. Bioresource Technology 98 (2007) 2415-2457 

2. M. Pavlečić, I. Vrana, K. Vibovec, M. Ivančić Šantek, P. Horvat, B. Šantek, Ethanol Production from 
Different  

    Intermediates of Sugar Beet Processing, Food Technol. Biotechnol. 48 (3) (2010) 362–367  
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Utilization of different substrates (glucose, sucrose, maltose, celobiose, starch, microcristalline cellulose; 
combination of the two substrates), as well as complex raw material (corn grits) by three lactic acid 
bacteria (LAB), Lactobacillus rhamnosus DSM 20021T, L. amylovorus DSM 20531T [1] and L. 
coryniformis subsp. torquens 20004T, was investigated in order to develop new bioprocess for lactic acid 
(LA) production. The bioprocesses were carried out in lab-scale stirred tank bioreactors and horizontal 
rotating tubular bioreactor (HRTB) (V= 5, 6, 10 i 12 L) in batch, fed-batch, semicontinuous and 
continuous mode. Procedures for preparation of (heterogenous) samples and their analysis by array of the 
methods, especially for the samples whithdrawn during semi-solid substrate simultaneous saccharification 
and fermentation (S5F), was adapted and optimized. Concentration of different carbon sources (glucose, 
fructose, sucrose, celobiose, maltose, maltotriose, maltotetraose, maltopentaose, maltohexaose, 
maltoheptaose, starch) and products (LA, acetic acid, ethanol) was determined by HPLC method [1,2], 
while concentration of stereoisomers of D- and L-LA was estimated by enzymatic method [1,2]. 
Derivatization of free aminoacids in water solution, in different media and in corn grits suspension, as 
well as extraction of the derivates to organic phase were optimized. Fourteen out of twenty amino acid 
esters were detected and their concentration was determined by using optimized GC method [3]. Beside 
analysis of liquid phase (supernatant), content of (semi-)solid phase of heterogenous samples was 
estimated (portion of solid particles, concentration of reducing sugars, concentration of nitrogen, 
thickness of biofilm formed on the inner surface of HRTB). Amylolytic LAB L. amylovorus DSM 20531T 

catalyzes S5F and different ratios of D- and L-LA were produced, depending on carbon source and 
temperature of cultivation [1,2,4]. Different substrates were fermented by L. rhamnosus DSM 20021T to 
L-LA while L. coryniformis subsp. torquens 20004T produces only D-LA. Amylolytic enzymes produced 
by L. amylovorus DSM 20531T were partially purified by affinity chromatography. Starch was 
hydrolyzed by purified amylases in similar manner as it was case with α- and β-amylase isolated from 
Bacillus sp. and barley, respectively. The tree LAB strains can be distinguished by spectrum of used 
substrates, consumption of metabolic energy in synthesis of bacterial biomass and/or in synthesys of 
amylolytic and/or proteolytic enzymes [5] and, thus, employed in different bioprocesses for LA 
production.  

1. Trontel, A., Baršić, V., Slavica, A., Šantek, B., Novak S. (2010) Modelling the effect of different substrates and 
temperature on the growth and lactic acid production by Lactobacillus amylovorus DSM 20531T in batch process. 
Food Technol. Biotechnol. 48(3), 308-316. 

2. Trontel, A., Batušić, A.,Gusić, I., Slavica, A., Šantek, B., Novak, S. (2011) Production of D- and L-Lactic Acid by 
Mono- and Mixed Cultures of Lactobacillus sp., Food Technol. Biotechnol. 49(1), 75-82.  

3. Trontel, A., Jakaša, I., Pupovac, M., Perković, A., Jelovac, N., Slavica, A., Novak, S. (2011) Gas cromatographic 
determination of free amino acids in samples withdrawn during lactic acid production by Lactobacillus amylovorus 
DSM 20531T. Proc. 7th Int. Congress Food Technol. Biotechnol. Nutr. Opatija, 40-44. 
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Integrated bioprocess [1] for ethanol production usually combines simultaneous extraction of sucrose 
from raw sugar beet cossettes, fermentation with a high sugar concentration tolerant strain of yeast 
Saccharomyces cerevisiae and ethanol recovery from fermented broth. In this research, sucrose extraction 
from raw sugar beet cossettes in extraction column was studied by different experimental conditions 
(water temperature and residence time). On the basis of obtained results, mathematical model was 
established that describes sucrose diffusion from sugar beet cossettes and stagnant medium layer around 
sugar beet cossettes coupled with convective medium flow in the extraction column. Yeast growth at high 
substrate concentrations was also studied in order to define kinetic parameters of yeast growth by using 
differential method. Obtained results clearly pointed out that Jerusalimsky [2] model shows the best 
agreement with experimental data. 
Integrated bioprocess system that combines horizontal column bioreactor and stirred tank bioreactor was 
used for the study of simultaneous sucrose extraction from sugar beet cossettes and ethanol production by 
using different initial yeast concentration, residence time and bioprocess temperature.  
On the basis of experimental data two mathematical bioprocess models were established. First model is 
"cascade" model [3] that describes the whole bioreactor system as series of ideally mixed compartments 
with back mixing. For each ideally mixed compartment mass balance was established that describes 
hydrodynamic, mass transfer and reaction phenomena. For whole system set of differential equations was 
obtained and solved by numerical methods. Second bioprocess model was developed by Computational 
Fluid Dynamics (CFD) approach. In this approach, the mass balance was established on the micro-scale 
level and consequently the set of differential equations was also obtained that describes the same 
phenomena as by first model. Comparison between these two models was done on the basis of model 
discrepancies from experimental data and it was observed that second model has better agreement with 
experimental data. Integration of different bioprocess operations into one step can considerably reduced 
ethanol production costs and consequently lower impact on the environment (lower sustainable process 
index (SPI [4])). Established integral bioprocess models could be also used as a good tool for the 
bioprocess optimization and the evaluation of bioprocess sustainability. 
1. K. Schugerl, J. Hubbuch (2005), Integrated bioprocesses. In Current Opinion in microbiology, 8, 294-300 

2. N.D Jerusalimsky (1968), Bottle-necks in metabolism as growth-rate controlling factors. In: Microbial 
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In 1767, the Society of Jesus was banned from the entire Spanish territory. Following the 
expulsion and expropriation of the Jesuits all their properties were inventoried and their haciendas were 
taken over by new administrators of the Spanish Crown. This contribution presents the description of one 
of their sugarcane estates, “la Hacienda la Concepción”, in Ecuador at the end of the 18th century – its 
functioning, infrastructure, cultivated landscape, animals and manpower. The study is based on these very 
detailed inventories of 1767 and a jesuit handbook on good management of rural estates in Mexico, 
completed with other documents. 

The hacienda la Concepción is located in the Valley of Chota – Mira, an interandean valley with 
a largely afroecuatorian population, in the Northern Sierra of Ecuador. Three elements were of crucial 
importance for the history of the last four centuries: the arrival of the Society of Jesus in the 17th century, 
the establishment of sugarcane as the main crop and the importation of slaves from Africa to solve the 
problem of lack of indigenous labor. 

The expulsion of the Jesuits and the end of their centralized agricultural system produced 
significant changes within the organizational structures of agriculture in the region and for the black slave 
population. This contribution forms part of a PhD-project that aims to trace the evolution of the cultivated 
landscape of the Valley of Chota – Mira after this historical turning point. The existing historiography of 
the Valley of Chota – Mira deals only indirectly or in a different context with the cultivated landscape and 
its evolution. In this sense, an integrative historiography of the Valley of Chota is missing. This PhD-
project aims to unify social, cultural, and ecological aspects to allow a better understanding of the current 
situation. 
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The concept of sustainable development was coined in 1987 in a report chaired by the Norwegian Prime 

Minister Gro Harlem Brundtland, and commissioned by The United Nation's World Commission on 

Environment and Development, "Our Common Future" (WCED 1987) [1] 

Sustainable development has been defined in many ways; Parkin [2] pointed out that there are well over 

200 rumoured definitions of sustainable development in circulation. Even though Riedy [3] believe that, 

the meaning of sustainable development is still strongly contested, the most common definition for 

sustainable development is the one in Brundtland's which states that:  

"Sustainable development is development which meets the needs of the present without compromising the 

ability of future generations to meet their own needs”. Our Common Future, (WCED 1987). 

However, Brandon and Lombardi [4] in their book “Evaluating sustainable development in the built 

environment” defines sustainable development as: 

 “A process that aims to provide a physical, social and psychological environment in which the behaviour 

of human beings is harmoniously adjusted to address the integration with, and dependency on nature in 

order to improve, and not to impact adversely, on present or future generation”. 

Brundtland's definition aims to be more comprehensive and addresses the key concept of needs while 

Brandon and Lambardi put emphasis on human behaviour in an attempt to meets our needs. Parkin 

describes sustainable construction as a construction process that incorporates the basic themes of 

sustainable development. The construction industry is a very important sector in achieving society’s 

sustainable development goals due to the benefits it provides to society as well as causing negative 

impacts. As a key sector in the delivery of a sustainable built environment, the industry needs to have a 

clear understanding of the term sustainability in order to fully play such important role. 

A quantitative study involving questionnaire responses from 105 sustainability leaders in UK construction 

organizations is presented. These sustainability leaders include sustainability directors, managers, 

consultants etc from both contractor and consultant organizations. This research examines construction 

organizations understanding of the term sustainability in the construction industry. The analysis of the 

collected quantitative data revealed that, 50% of respondents scored and agreed that the best description 

of the term sustainability is the one that incorporates environmental, social and economic issues. 

However, the results also showed that, 19% of respondents also have a different understanding of the 

term sustainability. 
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Societal structural change is the normal pattern through history and by definition it is mankind 
that is the driving force behind this development. So if one wants to find causes for this 
continuous transformation, a starting-point must be human nature. Experience shows that it has 
been an on-going quest to satisfy human needs (natural or created) and to find ways do that with 
the least possible effort. The ambition has been trying to optimize the ratio between benefit and 
cost, although the road forward at times has been quite bumpy. 

So far the concept development has been understood as a notion for how we improve our societal 
welfare economically. For that academia has created development theories where the building 
blocks have been factors of production. The categories land, labour and capital, have 
traditionally been used. Specific theories have added other conceptual classes like values, 
institutions and organisation. And if we go from theory to reality, our experience tells us that we 
have increased our standard of living compared to earlier days.  

But there are also signs that we might have reached the limits for one of the essential factors, the 
ecosphere, for its capacity to supply necessary non-substitutional resources and its capability to 
take care of the waste generated from our ever increasing consumption. The last two-three 
decades a discussion about sustainable development has emerged. In this discussion we have, in 
my opinion, focused mainly on trying to operationalize the adjective sustainable (with 
questionable result) and discussed what that can imply. In this paper I will argue that the 
substantive development also needs some attention. Because today, development is no longer 
only a question towards how to increase production, it is also crucial that we try to find 
development theories that are useful tool to help us politically change society. That the aim is not 
to explain how to get more economic growth but rather what could make humanity primarily go 
for an ecological benign guiding principle 

A question that then comes to my mind is if conventional development models with their 
categories can be used as a research tool to create policy suggestions to steer ahead in the right 
direction or do these theories need some “development”?  

Sustainable development is a political process according to the Brundtland report. With human 
nature theories, historical sociology and a hermeneutic approach as the theoretical framework, I 
intend to see if the past can teach us what made society on a macro-level to develop politically 
and see what “factors of political change” there can be. As space is limited, this paper will focus 
on agents that transformed our medieval society with its political features, to a modern one. I 
plan in additional papers to scrutinize the shift between Neolithic, antiquity and medieval eras 
with the same tool and to see if they all have something in common. The aim of this study is to 
try to find the main building blocks in a model for political change and use that model as a 
hypothesis that will be tested against the above mentioned transitions in history. 
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In Austria, the energy demand for space heating, space cooling and hot water production accounts for 
about one third of the final energy consumption. Thereof approximately 20 percent are provided by 
district heating systems (1). The efficiency of such heat supply systems depends mainly on factors 
specific to the particular location such as climate conditions (e.g. heating-degree days), type and spatial 
distribution of buildings, rate of change in the built environment (e.g. rate of refurbishment), socio-
economic characteristics of the inhabitants or availability of resources in the region (2). 

A GIS (Geographical Information System)-based spatial planning tool is presented in order to adjust 
small-scale district heating systems to the local and structural conditions of a municipality or settlement. 
The analyses are based on spatially explicit energy demand data and cartographic information of the study 
area. These data can be acquired from administrative databases, local surveys or statistical mean values. 
The required cartographic information (buildings, streets etc.) is available in the digital cadastral plan. 
Additional spatial information like orthophotos or plans of water and electricity supply systems might be 
useful. 

The planning tool provides the following key functionalities: 

� spatially-explicit analysis of energy demand for space heating and hot water production 

� defining priority areas for district heating systems dynamically 

� identifying the actual annual energy demand for space heating and hot water production as well as 
potential energy savings within the priority areas 

� determining the heating demand density within the priority areas 

� estimating distribution losses 

� assessing the feasibility of small-scale district heating systems considering the current local situation 
and the planned spatial development 

The proposed tool is easy to handle and may assist spatial planners in addressing energy concerns in 
strategic planning documents. Furthermore the population’s awareness of sustainable heat supply 
systems may be raised and participatory planning processes can be facilitated as the tool allows 
examining the heating demand density interactively in community-level meetings. Finally the 
results may encourage local decision-makers in realizing economically reasonable and climate 
friendly grid-bound heat supply systems. 

 

1. Statistik Austria (2011): Overall energy balances 1970 to 2010. 
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The project “DESIRE – The design of the future: materials, shapes, colours and emotions for a successful 
product” aims at familiarizing small and medium sized companies (SMEs) in the transborder area of 
Austria and Italy with the use of industrial design and ecodesign. We address one of the major branches in 
each of the different regions: carpenters in Carinthia (A), manufacturers of knives in Friuli-Venezia 
Giulia (I) and manufacturer of glasses in Veneto (I). The main objective is to increase the competitiveness 
of these companies by introducing them to industrial design and ecodesign as well as marketing 
strategies. The project pursues a transdisciplinary approach: industrial designers, experts in ecodesign and 
communication design cooperate closely with the chosen SMEs. The project, funded by the EU Interreg 
IV funding program, was launched in September 2010 and will end in August 2012. 

The project consists of an empirical and an implementation phase. It started with an analysis of the three 
sectors and the participating companies. The results of this first phase constitute the basis for a series of 
workshops and laboratories in the implementation phase. These events focus on industrial design, colour 
management, communication design and ecodesign and are customized for the individual needs of the 
SMEs. Within these workshops, a green prototype will be developed in each of the three branches in close 
cooperation between designers and companies. A life cycle assessment will examine the environmental 
performance of the prototypes in comparison to conventional products. The project is still work in 
progress and we will present the main findings that can be drawn so far: 

First, we will address the results of the empirical phase of project DESIRE: A survey was conducted 
concerning the general company structure, market evaluation, considerations of design and ecological 
aspects in the production cycle of the participating SMEs. The data was analysed in a descriptive way and 
showed four main results: finding a skilled work force is problematic (1); the reuse and reduction of 
components are important design factors (2), the companies showed a great interest in the ecological 
performance of raw materials and their final products (3) and ICTs are regarded as highly important (4). 

In our presentation we will especially focus on the participating Carinthian carpenters and we will discuss 
the potentials and barriers for introducing ecodesign features to increase the sustainability of wooden 
products. The analysed companies are microenterprises with less than 10 employees and most of them are 
located in rural regions. The geographical market area of our sample is mainly located in Carinthia and 
the core business is the production of individual furniture and interior fittings on commission. Some of 
the carpenters have innovative ideas for new products, but lack specific competences as design and 
marketing skills. The main competition of these SMEs is the industrial production of furniture and the 
respective furniture companies (e.g. IKEA). 

Finally, we will share our experiences within the transdisciplinary project design of DESIRE. We 
encountered various problems for SMEs to participate in such a setting: the company structures of family 
owned businesses have limited work force capacities to participate in seminars or workshops and their 
understanding of marketing and product development was challenged. Factors as the competition between 
companies or copy right issues have to be considered as well. A critical review of the setting and aim of 
our project will allow us to deduce recommendations for future projects with similar ambitions and 
objectives. 
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Next to technological optimization the systematic optimization (heat integration) is a decisive part in the 
design of efficient thermal process systems in industry. In the food industry heat integration is a very 
complicated step including a large number of processes at different temperature levels with various 
operating times and operation modes (batch, continuous) leading to the fact that storage system design is 
a decisive aspect. Heat integration needs to be studied at different points in the optimization 
methodology: the consideration and respective saving potential can influence the decision on the 
application of new technologies as well as the choice of renewable energies. Thus, the overall energy 
system has to be modelled to ensure sustainable energy supply; taking into account all processes, possible 
supply equipment and all respective operating schedules. So far the effect on intelligent storage systems 
on the overall thermal energy system (heat integration and renewable energy integration, such as solar 
process heat integration) has not yet been studied thoroughly for process industries. Several authors have 
dealt with the extension of pinch analysis to non-continuous processes and have integrated re-scheduling 
or storage considerations in the design of heat exchanger networks. Stoltze et al. developed the 
Permutation method to configure the most cost effective heat echanger network including a set of possible 
storages [1]. Graphical approaches to determine number and temperature of storage tanks based on the 
pinch curves have been proposed among others by Krummenacher et al. [1] who developed the so called 
storage pinch approach and recently by Nemet and Klemes [2] for solar thermal systems. The limitations 
of constant storage temperatures have been overcome by Atkins et al. [3] who modelled a central 
stratified storage tank for a dairy study which temperature is defined over pinch curves. Majozi [4], Chen 
and Ciou [5] worked on an MILP approaches including storages, however with limitations of the 
superstructure (no mixing of streams, limited connections to storage tanks). Several case studies in 
industry have shown that a new planning tool is necessary to find the ideal heat integration strategy for a 
production site (including processes and utilities with defined operational schedules) considering different 
types of possible industrial storages. The work shows that a new approach is necessary to reach low 
carbon production sites with minimal greenhouse gas emissions by evaluating the ideal heat exchanger 
network including an optimization of a storage network at the same time. 
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Whenever discussing biomass for bioenergy production one has to face the problem of the food versus 
fuel dilemma. Especially the production of bioethanol and biogas is criticised for their competition 
with food markets and for rising prices of products for everyday needs. To overcome ethical 
discussions with simultaneous increase of renewable resources, the focus today is on the usage of 
diverse organic waste and by-products like straw, wood chips, catch crops and liquid manure. 
 
One property, which decelerates the intensive utilization of most agricultural by-products, is the 
relatively low energy content per unit of volume without any pretreatment (e.g. pelletizing, drying) - 
therefore long transportation is not reasonable [1]. Today the average biogas plant size in Austria is 
about 270 kWel [2]. Compared to other European countries you would categorise this as small, 
agricultural scale plants but due to Austria’s basic agricultural conditions they are too large for an 
excessive use of the just mentioned substrates. 
 
In addition to its energy potential, the utilization of liquid manure can help to reduce the emissions of 
agricultural green-house-gases, but in Austria in many regions it is not possible to provide a sufficient 
amount of liquid manure to reduce energy crops input within a profitable radius of 5-10 km. Today the 
proportion of anaerobically digested liquid manure is only 5-6% of the theoretical amount available. If 
all liquid manure were used, 2.352 GWh [3] of total energy would be produced, which is equivalent to 
150% of the power generated via biogas today. 
 
Following the economy of scale, Europe’s biogas plants are still growing in size, while Austria’s 
biogas capacity remains constant. One possibility for Austria to increase capacity and the percentage 
of liquid manure used is the installation of small decentralized farm based biogas plants. 
 
While a reduction of size in Europe seems not economically feasible [4], small scale biogas plants in 
India and China are no rarities. Due to strict regulations in Austria, concerning explosion and emission 
control, the production of biogas in comparable low-cost, low-tech biogas plants is not possible. To 
minimise economic pressure for small scale biogas plants it needs to be analysed if all the regulations 
in Austria intrinsically help to minimise the hazard potential. 
 
The author wants to present results of an ecological assessment of anaerobic digested manure 
compared to average an best practice manure management in Austria as well as concepts for cost 
reduction for manure based small scale biogas plants in Austria. 
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