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Overview
Currently, subsidising, research and technology development in the field of sustainable energy systems takes place in a broad range of technologies and application fields. Options to increase efficiency and market penetration potentials of various technologies are often considered isolated from each other. However, when it comes to the strategic orientation of research and technology development, the short, mid and long term priorities of various technologies have to be considered. In this work we have evaluated the supply as well as demand side restrictions for the most relevant renewable energy technologies in Austria up to 2050 and determined their market potential within a set of scenarios. 

Supply side technologies we considered to be relevant within the specific framework conditions in Austria are hydro power, wind energy, PV, a set of biomass conversion technologies that includes electricity and heat production and the production of secondary energy carriers such as liquid biofuels, biogas and bio methane. Furthermore, we considered solar thermal space and water heating, heat pumps for space heating and various Micro-CHP technologies powered by natural gas.
Methods
The methodological approach consists of two major parts: First a review of expected technological improvements such as costs reductions and efficiency increase. For each of these technologies, we evaluated whether the improvements and cost reductions depend on national or international developments, which has been done mainly based on the transferability of the added value of major component groups. This procedure allowed us to integrate the improvements that depend on national activities in our model by using the learning curve approach. Finally, we took into consideration the maximum feasible installable capacity and market expansion restrictions for each technology, which depends either on supply or demand side potentials.

In a second step we fed a myopical optimization model with the derived data and calculated the installation of technologies on a yearly basis. The model itself decides, based on an economical comparison of these sustainable technologies with a typical reference system, and installs additional capacities if the long run marginal costs are lower than that for the reference technology considering subsides, taxes and external costs expressed in CO2 costs (1). The yearly installation is limited by either the total amount of subsidies or market expansion restrictions.
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	(1)


cvar,ref,mon 
Short run marginal costs, reference technology [€/MWh]

cref,ext 
External costs and taxes, reference technology [€/MWh]

cfix,ref,ext
Investment costs, reference technology – only considered if reference technology capacities are substituted [€/MWh]

Ii,t.i,t
Investment costs, sustainable technology [€/MWh]

cvar,i
Short run marginal costs, sustainable technology [€/MWh]

ci,ext 
External costs, sustainable technology [€/MWh]

si,t
Subsidies
WTP
Willingness-to-pay (WTP ≥ 1) 

These calculations have been done for a set of a hundred scenarios that include a variation of most relevant exogenous parameters such as energy prices, CO2 taxes, learning rates of analysed technology developments, biomass price – oil price elasticity and others. 


Results
The maximum installable capacity of each technology depends on the limited supply or demand side potentials. In the case of electricity production technologies and secondary energy carriers the limit is on the supply side due to the limited availability of renewable energy carriers. The only exception could be the PV technology which would need additional storage capacities in optimistic scenarios to be taken up entirely by the electricity grid.

The buildings stock offers an enormous energy saving potential; the combination with efficient energy conversion technologies and building refurbishments allows reducing the required energy demand for heating and hot water by 30% to 50%. However, a precondition is that the focus has to be set on refurbishing the existing building stock, which will still dominate the energy demand for space heating in 2050. 
In addition to hydro power already utilized to a very high degree in Austria, wind energy, biomass for heat production and solar thermal applications appear to be most robust technologies, followed by gasification of biomass utilized either for electricity production or production of gaseous secondary energy carrier. Anergy (ambient energy) utilised in heat pumps seems to play an important role too. Yet they are very sensitive to electricity price increases as well as on assumptions about the capability of retrofitting exististing buildings with low temperature heating systems. Small scale PV systems which would compete with electricity on a retail price level are likely to enter the energy system, but do have a small potential. By contrast, large scale PV systems competing with electricity on a whole sale market price level offer a high potential. Yet, they do become economic competitive very late in most scenarios and therefore do not play an important role in many scenarios. Micro CHP technologies fired by natural gas are facing the same energy price increases as the reference technologies and are affected by CO2 prices too. If the produced electricity cannot be sold on a price level higher than the whole sale market price, these technologies seem not to be able to enter the system on a large scale. Biofuels seem to be least competitive compared with other biomass utilization options. If no policy targets are set, biomass prices increase due to competing biomass utilizing technologies and prevent therefore a large scale biofuel production, at least in Austria. 
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Fig. 1: Production of the main output of reviewed technologies in 2050. The bold bar represents the range between the 45% and 55% quantils, the indicated maximum range is set by 10% and 90% quantils. 

Conclusions

The possible energy saving potential in the Austrian’s building sector up to 2050 is respectable and constitutes a key factor for achieving a sustainable energy system. However, as the results of our study illustrate, the major potential can be achieved if the focus is set on the refurbishment of the existing stock rather then on new buildings, which are already highly efficient. Renewable energy carriers in combination with energy conservation do have the capability to contribute a significant part to the energy supply within the coming decades. Hydro power, wind energy, biomass and solar thermal for heat production appear to be most robust, followed by the gasification of biomass utilization for electricity or methane production. The role of PV in Austria is characterised by uncertainties. Liquid biofuels seem to be hardly competitive without policy measures because of competing biomass and arable land utilization. Especially the future role of first generation biofuels cannot be estimated out of our scenarios. Mainly depending on the biomass price – oil price elasticity results spread in wide range, even though we assumed some preserved arable land, for biodiesel and ethanol production, which cannot be used for other energy technologies in our model. The widespread use of Micro-CHP fuelled by natural gas appears to be prevented because of missing advantages regarding the energy carrier and the decreasing heat load of buildings, if electricity has to be sold on whole sale market prices.


































_1262950632.unknown

