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Abstract 
The Alpine bow has a great potential for renewable energy (RE) development. At the 
same time, wildlife in Alpine areas is at risk and has to be protected. More of 40% of the 
Alpine area is covered by protected areas. They vary in definition and level of protection 
regarding their category, region, and country. Therefore, some of those protected areas 
may be suited for the development of bioenergy whereas others may be more suited for 
the development of hydropower. Using a precise classification of those protected areas, 
and assuming the correct protection level the techno-economic model, spatial explicit, 
BeWhere, will identify the potential from hydropower, bioenergy, wind and solar power 
while balancing the ecosystems services in the Alps. 
The model is based on the minimization of the whole supply chain, starting from the 
collection of the feedstock to the delivery of the final product to the consumers in the 
Alps and in the major cities outside the Alps. Access to the site is a determinant issue to 
build a new power plant in the Alps, therefore the model uses a detailed road network for 
the transport of the feedstock and accessibility, as well as a map of the high voltage 
power line. The future RE production plants will be installed if the production cost is 
competitive enough against fossil fuel based power and heat. The model will then provide 
the optimal locations, numbers, technologies, and capacities for hydropower stations, 
bioenergy production plants, solar PV fields and wind parks, together with their 
corresponding costs and emissions. 
A series of scenarios will be carried out varying the fossil fuel price, the carbon cost and 
the level of protection of the environment. For each of the scenarios, the RE potential, 
production cost, and emission reductions will be assessed. The results will provide key 
indications to the stakeholders and the policymakers on the consequences of protecting 
the environment and the development of RE production. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Resources

Wind potential1

Hydro power catchment1

Source: 1 EURAC, 2 IIASA

Solar irradiation1

Woody biomass potential and cost2
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Examples of results 

High protection scenario
In a high protection scenario, the location of renewable 
energy systems are not located in the highest protected 
areas. A strict limitation of access to the protected area 
can decrease the energy potential by half.

Cost optimization energy mix 
under protection scenarios

Based on a cost optimization approach, the power po-
tential is mainly dominated by solar and wind technolo-
gies. In practice, this potential would mainly be limited 
by accessibility, and other local factors.
For a high protection scenario, the cost of power pro-
duction can increase by 20% compared to a scenario 
with low protection for the preservation of the nature.

Conclusion
The potential and cost of renewable energy in the Alps 
is highly dependent of the location allowed for conver-
sion plants. 

• Wind power is favored ahead of the other technolo-
gies due to lower production costs. 
• Solar power has great potential, but the cost is a 
barrier, and subsidies are required.
• Bioenergy is limited due to an intensive biomass use 
from existing industries, and accessibility issues.
• Hydro-power is restricted due to existing intensive 
use of catchment, and environmental restrictions.

More information
www.iiasa.ac.at/bewhere

Techno-economic parameters 
of potential conversion site

• Set up cost
• Production cost
• Production efficiency
• Emissions

Environmental constraints

 Sources: adapted from EEA 2014, UNEP-WC  

MC 2014b,  and SIG ALPARC 2013.

The protected areas have 
been harmonized with the 
list of IUCN categories to 
define priorities. 
Several scenarios can 
be identified for each cat-
egory from low, medium 
and high protection.

Infrastructure
• Existing conversion sites 
• Road, rail network
• Power stations
• Power lines
• Distribution costs

Energy demand
The energy demand in the 
Alps  is derived based on 
the population map and  the 
national power and heat 
consumption.

Policy parameters
• Carbon tax
• Fossil fuel cost
• Subsidies
• Emission factors

The BeWhere model 
minimizes the cost of 

the full supply chain 
for the welfare of the Alpes.

Background and introduction
The Alps represent a very fragile ecosystem. An 
intensive expansion of the renewable energy (RE) 
production without a proper management could 
endanger the biodiversity and other services of 
this unique ecosystem. Therefore the potential of 
RE is assessed with the help of a techno-econom-
ic model that aims balancing between RE produc-
tion, costs and environmental protection.
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