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1. METHODOLOGY 

Infrastructure and Biomass databases for Austria given within the Atlas are prerequisite for any use of 

Optimization tool (OT). After the selection or manual entry of sources, connection points, etc. is done, 

optimization of P2G hub sizing and operation with the OT can be started. 

 

2. CASE STUDIES 

Three locations for potential P2G investment are considered1. The first one is industrial plant near Vienna 

(noted as IP), the second one is a wind park in Styria (noted as REP). The third one is a greenfield location 

(noted as GF) in south-eastern part of Austria. 

 

3. RESULTS 

3.1 SUMMARY 

For each one of case studies (IP, REP and GF), variations of natural gas prices and subsidies are considered. 

In Table 1, the overview about the calculated business cases are given: 

Table 1. Simulation cases 

 Conservative natural gas / »renewable 
natural gas« prices 

Higher natural gas / »renewable natural 
gas« prices 

No increase 
IP 

No increase 
REP 

No increase 
GF 

10x increase 
IP 

10x increase 
REP 

10x increase 
GF 

No subsidy Hydrogen 
production 
Fig. 1 

Hydrogen 
production 
Fig. 2 

Hydrogen 
production 
Fig. 3 

Renewable 
gas and 
biochar 
production, 
Fig. 7 

Renewable 
gas and 
biochar 
production, 
Fig. 8 

Renewable 
gas and 
biochar 
production, 
Fig. 9 

Subsidy of 
50% 

Hydrogen 
production 
Fig. 3 

Hydrogen 
production 
Fig. 5 

Hydrogen 
production 
Fig. 6 

Renewable 
gas and 
biochar 
production, 
Fig. 10 

Renewable 
gas and 
biochar 
production, 
Fig. 11 

Renewable 
gas and 
biochar 
production, 
Fig. 12 

 

Every solution from Table 1 is obtained using the simulation period of one year. Increases of natural gas / 

»renewable natural gas« prices noted as “10x increase” refer to the increases in the “Gas price without 

grid/operator fees, including taxes” which is an attribute in the Gas prices section of the Excel interface of 

the OT. Its conservative value (“1x”) is set to 0,0468 €/kWh for both winter and summer period. Grid fees 

and taxes of gas price are not affected with this increase. Hydrogen selling price is set to 10 €/kg. All set 

inputs for the case studies may be checked in the annexed OT Excel interface documents for all the 

                                                           
1 In case publicly available data wasn't available, estimations have been used instead. 
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considered 12 scenarios. They are given in a zip file with Excel names clearly indicating each of the 12 case 

studies. Detailed results of simulations are given in the following sections. 

3.1 RESULTS WITH CURRENT GAS PRICES WITHOUT SUBSIDIES 

Figures 1 to 6 shows results for cases without additional subsidies and current / conservative natural gas / 

»renewable natural gas prices. Best investment option is to produce hydrogen via electrolysis and sell the 

by-product oxygen, as well as to produce »renewable natural gas« in the IP case. The production of biochar, 

for example, wouldn't be economically feasible for all three cases as shown in Figures 1 to 3. 

Fig. 1 Results for optimal P2G hub next to IP with conservative prices of natural gas / »renewable natural 

gas« and no subsidy. 

This business case shows optimal scenario for current prices of natural gas / »renewable natural gas« and 

Industrial Plant (IP) nearby (see Fig. 1). It is recommended to produce hydrogen (it reaches also the maximum 

in this case). As no biochar is produced means that its production is not recommended, because it wouldn't 

be economically feasible. For implementation of such a business case investments at around 5 Mio. Euros 

are needed. The calculated payoff period would be around 12 years. 
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Fig. 2 Results for optimal P2G hub next to REP with conservative prices of natural gas / »renewable 

natural gas« and no subsidy. 

For this scenario with current prices of gas and without subsidies, P2G hub next to renewable energy plant 

shows similar results as the previous scenario (see Fig. 2). Using renewable electricity to produce hydrogen 

and also oxygen as by-products and selling it would be highly profitable and the limit is reached in the 

maximum allowed amount of daily hydrogen and oxygen sales. Payoff for this business case would be around 

10 years. Biochar production is not recommended. 
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Fig. 3 Results for optimal P2G hub as GF with conservative prices of natural gas / »renewable natural 

gas« and no subsidy. 

Building P2G hub as GF investment shows again that producing and selling biochar is not profitable with 

current prices used in the OT. The production of renewable hydrogen and selling it beside the selling of by-

products would be economically feasible option (see Fig. 3). The limit of daily hydrogen production / selling 

(1 ton) is reached. Payoff period is around 13 years. 
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3.2 RESULTS WITH CURRENT GAS PRICES WITH SUBSIDIES 

For development of energy system related business cases additional subsidies may be needed. Following 

figures show results for scenarios where subsidies are included. Although the OT can use different subsidies 

for each part of P2G hub, Figures 4 to 6 show results for scenarios with current natural gas / »renewable 

natural gas« prices and 50% of subsidies on entire investments needed. 

Fig. 4 Results for optimal P2G hub next to IP with conservative prices of natural gas / »renewable natural 

gas« and subsidy of 50%. 

Adding subsidy in all calculated cases do not change any plant sizes or production and consumption profiles, 

but only has an impact on payoff period duration, which would shorten from 12 years (see Fig. 1) to around 

9 years (see Fig. 4). 
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Fig. 5 Results for optimal P2G hub next to REP with conservative prices of natural gas / »renewable 

natural gas« and subsidy of 50%. 

When needed investment costs are subsidised by a half, the payoff period reduces accordingly by around 2 

years to 7,5 years (see Fig. 5). The biochar production is still not profitable in this case. 
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Fig. 6 Results for optimal P2G hub as GF with conservative prices of natural gas / »renewable natural 

gas« and subsidy of 50%. 

Like in the previous cases with REP and IP, adding subsidies did not change any plant sizes or production and 

consumption profiles and amounts. The payoff period shortens by 3 years and the operation would be 

profitable after around 9 years (see Fig. 6). 
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3.3 RESULTS WITH INCREASED GAS PRICES WITHOUT SUBSIDIES 

As natural gas price is increasing constantly during the last year, scenarios with higher natural gas prices are 

included in the analysis. For the next six scenarios (Figures 7 to 12), 10x increase in natural gas / »renewable 

natural gas« prices is used in the OT. Such sensitivity calculations are made to explore optimal business cases 

and whether other possible plants and production pathways may became economically feasible. Figures 7 to 

9 show scenarios for IP, REP and GF without investment and Figures 10 to 12 show scenarios with 50% subsidy 

on the investment cost. Results show that after this significant price increase, »renewable natural gas« 

production and biochar production becomes economically profitable. As well as the capacity of the 

electrolyser increased. 

Fig. 7 Results for optimal P2G hub next to IP with higher prices of natural gas / »renewable natural gas« 

(x10) and no subsidy. 

P2G hub next to IP with large biochar production and »renewable natural gas« production is an economically 

optimal solution for this input parameters and, beside the production of hydrogen, also the selling of oxygen 

is part of this particular business case (see Fig. 7). As well as electrolyser capacity increased significantly. 

Hydrogen and biochar (restricted by biomass input limits) production reaches their daily production limits. 

The payoff period is shorter, when the natural gas / »renewable natural gas« prices are higher (compared to 

business case displayed in Fig. 1) and is around 8 years for this business case. 

Optimal business case for REP shows similar results, where the production of biochar and »natural renewable 

gas« would became feasible (see Fig. 8). 
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Fig. 8 Results for optimal P2G hub next to REP with higher prices of natural gas / »renewable natural gas« 

(x10) and no subsidy. 

Due to increased natural gas (renewable natural gas) prices by 10, production of biochar is getting 

economically feasible and thus become part of this business case. The capacity of the electrolyser increased 

by three times comparing to the business case with actual gas prices and without additional subsidies. 

Additionally, also selling of biochar is, beside the selling of hydrogen, oxygen and »renewable natural gas« 

becomes economically feasible. However, the payoff period of this business case is around 11 years, which 

is the longest time period between all calculated REP cases. 
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Fig. 9 Results for optimal P2G hub as GF with higher prices of natural gas / »renewable natural gas« (x10) 

and no subsidy. 

Similar results are obtained with natural gas / »renewable natural gas« price increase on scenario with GF 

investment as with REP and IP scenarios (see Fig. 9). Very long payoff period should be noticed here. 
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3.4  RESULTS WITH INCREASED GAS PRICES WITH SUBSIDIES 

Fig. 10 Results for optimal P2G hub next to IP with higher prices of natural gas / »renewable natural gas« 

(x10) and subsidy of 50%. 

Subsidy only affects the payoff period, which is shorter than in the case without subsidies (see Fig. 7) and is 

around 6,5 years (Fig. 10). 

Fig. 11 Results for optimal P2G hub next to REP with higher prices of natural gas / »renewable natural 

gas« (x10) and subsidy of 50%. 
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Additional subsidies reduced the payoff period in comparison with the results with no subsidies (Fig. 8).  

 

Fig. 12 Results for optimal P2G hub as GF with higher prices of natural gas / »renewable natural gas« 

(x10) and subsidy of 50%. 

Additional subsidies did not change any plant sizes and production volumes, but had an impact only on the 

shorter payoff period, which is still quite long in comparison with all other business cases calculated (see Fig. 

12). 
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4. CONCLUSIONS 

Pre-feasibility studies for three typical location cases for a P2G hub investment in Austria have been 

conducted with the Optimization Tool developed during the project. Maximum allowed return on investment 

period of 20 years was set for all business cases, however often the optimum economical setup of the 

investment yields in much shorter return on investment periods. In general, production of renewable 

hydrogen takes place in all the cases in Austria, however the production of renewable natural gas gets 

feasible only when the price for selling and injecton is higher as natural gas prices in the baseline scenario.  

Also, similar tendencies are observed also for biochar production. 
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