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Abstract 

The pressure to use more renewable energies to mitigate climate change brings new 
challenges for landscape planning. A massive expansion of these new infrastructures has a 
strong impact on landscape functions and their goods and services. Yet, missing concepts 
and methods to evaluate the impacts of these infrastructures makes it difficult to understand 
how the new energy systems should be integrated into the environment in order to sustain 
the identification of the people with their cultural landscape, to preserve the ecosystem 
processes, and at the same time to address the economical requirements related to energy 
production. We present a concept to evaluate regional potentials for a sustainable mix of 
renewable energy systems based on the analysis of ecosystem services. The spatially 
explicit quantification of ecosystem goods and services at technical optimal locations for 
the new energy systems is accompanied by a participatory process to ensure proper 
identification of the ecosystem services at stake and their value. The results are meant to 
present stakeholders with an approach to identify potential locations and conflict areas for 
renewable energy systems. This provides decision-makers with a tool for balancing 
interests and designing optimal landscape development options. The outlined pro-active 
approach can significantly reduce the environmental impact of renewable energy systems 
and enhance their public acceptability. 

1 Renewable energy systems – a new pressure on landscape 
development 
Worldwide we are facing rapid changes in land cover and land use changes coming along 
with, irreversible loss of many heritage values and natural resources, and dramatic 
consequences for livelihoods and biodiversity (Antrop 2004, Kristensen et al. 2004). A 
formulation of effective goals for future landscape development is required in order to 
ensure sustainable management of a multi-functional landscape that supports the well-being 
of people (Kienast et al. 2008, Rodewald 2008). 
 
Alpine countries could cover their energy needs by the use of renewable energy and even 
exceed the Kyoto-goals (Hahn and Rauzi 2008). According to the ‘Road Map Renewable 
Energies Switzerland’ (Berg and Real 2006) - a study that sketches the possible 
development of renewable energy power capacity assuming that the technically and 
economically usable resources are utilised - the renewably energy supply could be doubled 
in Switzerland till 2050. However, the authors point out that the limitation is the 
implementation and thus the societal accepted potential that has to be determined. 
 
The pressure to use more renewable energies to mitigate climate change brings new 
challenges for landscape planning. A massive expansion of these new infrastructures will 
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modify landscape functions and the goods and services they provide to people. On one side, 
these landscape changes can be supportive of the production of ecosystem goods and 
services and biodiversity. The management of agricultural areas for biomass production, for 
example, can lead to an increase in biodiversity and a more diverse rural economy. These 
land-use changes can however on the other side also cause negative impacts on habitats and 
particular native species (Thornley 2006). Solar energy technologies can affect the visual 
landscape aesthetic (Tsoutsos 2005). The use of water power changes the water quantity 
with impacts on the aquatic ecosystems and can also cause visual intrusion (Tsoutsos 
2007). Wind power plants have high impact on the view of a landscape (Wolsink 2007), 
triggering the fear of residents with regard to effects of noise, leading to falling house 
prices (Szarka 2006). 
 
Due to the absence of concepts and methods to evaluate the impacts of these infrastructures 
on landscape functions and the goods and services they provide, it is not known yet how the 
new energy systems can be integrated into the landscape in order to sustain the 
identification of the people with their cultural landscape, to preserve the ecosystem 
processes, and at the same time to address to economical requirements related to energy 
production. There is a lack of approaches that allow for spatially explicit identification of 
areas for careful integration of the new elements in the landscape recognizing the value of 
ecosystem goods and services (Peters and Graumann 2006). 
 
Moreover, a tendency to top-down, technocratic planning approaches in the implementation 
of renewable energy technology can be noticed. This has been determined as one major 
obstacle to successful implementation, causing very slow development of renewable 
production capacity in many countries. Rather open, democratic decision-making is 
necessary, that takes into account multiple views and thus allows for learning and creating 
perceived fairness (Higgs et al. 2008, Szarka 2006, Wolsink 2007). 

2 Concept to optimise the evaluation of regional potentials for 
renewable energy systems 
Concluding from the requirements mentioned above, landscape development with 
renewable energy systems needs collaborative approaches to planning that are well 
informed about the impacts of these facilities on landscape goods and services (Kienast et 
al. 2008) and offer possibilities to integrate stakeholder valuations into the decision-making 
process. In the following, a concept is presented to optimise the evaluation of regional 
potentials for a sustainable mix of renewable energy systems in order to provide a sound 
basis for decision-making. 

For a case study site a mix of thermal solar and photovoltaic systems, hydro power, wood 
and biomass, and wind power plants is mapped by an overlay of results from the analysis of 
the general spatial potential for the individual renewable energy systems. In the following 
the economic, social and environmental costs of utilising the renewable energy potentials 
are determined. 

Not all services supplied by the ecosystems have to be assessed but a wide range of values 
(Meyer et al. 2008) with a focus on particularly important criteria. Therefore, a reasonable 
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overall number has to be figured out that should be included into the assessment (Park et al. 
2004). We thus suggest (1) to calculate the regional added value of the exploitation of the 
maximum number of renewable energy systems in a region, e.g., energy production, return 
on investment, and effect on employment, and (2) to ask stakeholders to identify further 
regional potentials for alternative land uses that are provided by the natural resources, such 
as for example, the habitat for certain species, agriculture and forestry production, or the 
recreation attractiveness. 

Based on this selection of landscape uses by the stakeholders, we identify corresponding 
ecosystem goods and services, and quantify and value the impacts of the infrastructure on 
their provisioning using different methods (Grêt-Regamey et al. 2008). Expected ecosystem 
goods and services, which might be impacted by the new infrastructures, include timber, 
food, erosion prevention, habitat, enjoyment of scenery, non-recreational appreciation of 
landscape features, travel to natural ecosystems for eco-tourism, heritage value, as well as 
of course raw materials for energy. 

The valuation of the ecosystem goods and services – the “weighting” of the criteria, which 
influence the evaluation of the potentials - is hard to define. It is often arbitrary and does 
not necessarily reflect wider public opinion or preferences (Higgs et al. 2008). To overcome 
this problem, stakeholder feedback has again to be integrated. The resulting quantitative 
spatially explicit information is combined with demonstrative visualisations of the view of 
the landscape change based on GIS data. These visualisations with linked indicators are 
presented again to the stakeholders in order to facilitate the definition of optimisation goals 
for the development of the environment (Fig. 1). 

 

Fig. 1:  Optimising the spatial land use model by social values in an iterative process. 

Finally, different alternatives can be derived that demonstrate an optimisation of the 
distribution of renewable energy systems with regard to defined criteria. The results are 
areas of interest for renewable energy systems as well as regional concerns about certain 
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locations building a sound basis for preliminary optimisation and balancing of interests. An 
overview on the whole workflow is given in Fig. 2. 

 

Fig. 2:  Workflow for an optimised evaluation of regional potentials for a sustainable mix 
of renewable energy systems (RE = Renewable Energies; ES = Ecosystem Services). 

3 Conclusion 
Core contention of critics against a massive implementation of renewable energy systems 
into the landscape is that it entails economic, social, and environmental costs (Szarka 
2006). The analysis of ecosystem services for determining regional potentials ensures that 
these costs are partially taken into account. The proposed concept ensures a systematic 
approach that strongly incorporates the societal dimension. Social values are used to 
facilitate an inverse modelling process, determining the socially accepted landscape 
development goals and integrating them into the quantitative simulation. 

Which compromise should be selected is the purpose of a participative negotiation process. 
The outlined pro-active approach can significantly reduce the environmental impact of 
renewable energy systems and enhance their public acceptability. Thus, an optimised, more 
sustainable planning of landscape development is possible. 
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