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1. METHODOLOGY 

Optimization tool (OT) for sizing and scheduling of power-to-gas (P2G) hubs 
(https://www.danup2gas.eu/optimizationtool) is used within this study for three specific 
cases in Croatia to assess the current business potential of investments in P2G hubs. The 
P2G hubs are configured as either a greenfield investment or collocated with an existing 
renewable energy plant or with an existing industrial plant. In each of these three cases 
the situation is explored along two axes – one is the level of subsidy for the P2G hub 
investment (0% or 50%) and the other is the price of natural gas (1x the current price, 10x 
the current price). All arising 3x2x2=12 situations and results obtained by the optimization 
tool are analysed and commented. 

 

2. CASE STUDIES 

Three locations for potential P2G investments are considered for the case of Croatia. The 
first one is industrial plant Petrokemija Kutina (eng. petrochemistry Kutina), which is the 
largest petrochemical industry in Croatia, with a large consumption of natural gas. In the 
following it is denoted as Industrial Plant or IP in short. The second location considered 
is Tvornica ulja Čepin (eng. oil factory Čepin), which is a factory that has a photovoltaic 
plant within its facilities – it is noted as Renewable energy plant in the following, or REP 
in short. Advantage of this facility is its own biowaste which is an opportunity for P2G 
processes deployment. The third one is a greenfield location (noted as GF in short) at the 
location Karlovac-Dubovac. On this location there is a possibility to connect both to the 
electricity and gas networks nearby. 
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3. RESULTS 

3.1  SUMMARY 

For each one of case studies (IP, REP and GF), variations of methane prices and subsidies 
are considered. Ther considered cases are summarized in Table 1, with a short summary 
of the result obtained by the optimization tool applied in each. 

Table 1. Simulation cases 

 Conservative prices of methane Higher prices of methane 
No increase 

IP 
No increase 

REP 
No increase 

GF 
10x increase 

IP 
10x increase 

REP 
10x increase 

GF 
No 
subsidy 

Combined 
heat and 
power,  
Fig. 1 

No 
investment
, Fig. 2 

No 
investment
, Fig. 3 

Continuous 
production of 
biomethane 
(smaller 
during 
summer) 
Fig. 7 

Periodic 
production of 
biomethane 
(only in winter), 
Fig. 8 

Periodic 
production 
of 
biomethane 
(only in 
winter), 
Fig. 9 

Subsidy 
of 50 % 

Combined 
heat and 
power,  
Fig. 4 

Combined 
heat and 
power in 
summer, 
Fig. 5 

Combined 
heat and 
power in 
summer, 
Fig. 6 

Continuous 
production of 
biomethane 
(smaller 
during 
summer) 
Fig. 10 

Periodic 
production of 
biomethane 
(only in winter), 
Fig. 11 

Periodic 
production 
of 
biomethane 
(only in 
winter), 
Fig. 12 

 

Every solution from Table 1 is obtained using the simulation period of one complete year 
and electrical consumption/production sampling of 24h. Varying simulation periods and 
electrical sampling could give slightly different solutions. Optimization tool is in the 
background using GLPK free linear programming solver to solve the created 
optimization problems in the mentioned cases.  

Increases of methane 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 be 0.1 €/kWh 
for the winter period and 0.06 €/kWh for the summer period. Grid fees and taxes of gas 
price are not affected with this increase. All set inputs for the case studies may be 
checked in the annexed OT Excel interface documents for all the considered 12 scenarios. 
They are given in a zip file with Excel names clearly indicating each of the 12 simulation 
cases. Detailed results of simulations are given and analysed in the following sections. 
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3.2 RESULTS WITH CURRENT GAS PRICES WITHOUT 
SUBSIDIES 

In Figures 1 to 3, results for cases with current gas prices without any subsidies are 
depicted. With conservative prices of methane, best investment option is building 
combined heat and power (CHP) plant for P2G next to industrial plant. It is shown that 
biomethane production is not economically feasible with current gas prices as it is 
shown in Figures 1 to 3. 

  

Fig. 1 Results for optimal P2G hub next to IP with conservative prices of methane and no 
subsidy (Results sheet of the Optimization tool)  

This case shows that optimal scenario for current prices of gas and IP nearby is building 
combined heat and power plant of maximal available size defined in the tool (10 MW). 
Electricity produced is used for IP directly since production from CHP is cheaper than 
buying electricity from the grid with parameters used. Apart from investment in CHP, 
investment in heat exchanger is necessary to accommodate the heat produced. That 
investment would become profitable after 10.44 years. 

http://www.interreg-danube.eu/danup-2-gas
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Fig. 2 Results for optimal P2G hub next to REP with conservative prices of methane and 
no subsidy 

For the scenario with current prices of gas and without subsidies, P2G hub next to REP 
is not economically feasible for investment. With payoff period set to 20 years and 
investment prices used for the OT, optimal solution is not to invest. Only revenues in this 
case come from electricity produced from REP which is then sold to the grid. 
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Fig. 3 Results for optimal P2G hub as GF with conservative prices of methane and no 
subsidy  

Building P2G hub as GF investment shows, as in the previous case with REP, that it is not 
profitable with conservative prices of gas and without any subsidies since no investment 
would become profitable in the selected maximum payoff period of 20 years and for the 
parameters used.  

3.3 RESULTS WITH CURRENT GAS PRICES WITH SUBSIDIES 

Subsidies are common with big investments in green energy and infrastructure. 
Following figures show results for scenarios where subsidies are included. Although the 
OT can use different subsidies for each part of the P2G hub, Figures 4 to 6 show results 
for scenarios with current gas prices and subsidies on all investment in amount of 50%. 

http://www.interreg-danube.eu/danup-2-gas
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Fig. 4 Results for optimal P2G hub next to IP with conservative prices of methane and 
subsidy of 50% 

For the case of IP collocation, adding subsidy did not change the optimal size of the P2G 
hub comparing to the case without subsidies. Figure 4 shows that adding subsidies 
when investing in P2G next to IP provided same size of CHP as in the scenario for IP 
without subsidy which is shown in Figure 1. The only major difference is in the investment 
costs which are now 50% smaller and that reduces the payoff period significantly.  

http://www.interreg-danube.eu/danup-2-gas
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Fig. 5 Results for optimal P2G hub next to REP with conservative prices of methane and 
subsidy of 50%  

Adding subsidies for the P2G hub next to REP shows that in this case there is a profitable 
investment.  Equally as in the case of P2G next to IP, optimal investment is in CHP of 
maximum size allowed in parameters (10 MW). Unlike in the case with IP, this solution 
also requires electricity and gas connection enlargements for the CHP. Since there are 
different prices of gas during winter and summer, CHP in this scenario is only profitable 
during summer when gas price is cheaper comparing to the winter price. That is why 
CHP is operating only during summer. Payoff period for this scenario is 13.71 years.  
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Fig. 6 Results for optimal P2G hub as GF with conservative prices of methane and 
subsidy of 50%  

Like in the previous case with REP, adding subsidies on the investment costs for GF 
showed the optimal result that includes an investment into a CHP of maximal size 
allowed by the current setting in the OT. Again, electricity is sold to the grid during 
summer only and this scenario becomes profitable after somewhat more than 14 years.  
 
All cases with current prices of gas show similar results that biomethane production is 
not profitable. Instead of that, using gas from the grid to produce electricity with CHP is 
profitable, especially in case with IP where the produced electrical energy is used directly 
at the site. If electricity is not used directly but instead sold to the grid like in cases with 
REP and GF investments, without subsidies no investment is profitable in under 20 years. 
After adding 50% of subsidies, investment in CHP is profitable but only for prices of gas 
during summer which are significantly cheaper than the prices of gas during winter.  
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3.4 RESULTS WITH INCREASED GAS PRICES WITHOUT 
SUBSIDIES  

Since gas prices are increasing rapidly in last years, scenarios with gas price increase are 
observed. For the next 6 scenarios (Figures 7 to 12), 10x increase in gas price is used in the 
OT. Such an abrupt change is made to explore the optimal investment cases that occur 
when the gas prices outweigh the electricity prices.  

Figures 7 to 9 show scenarios for IP, REP and GF without subsidy and Figures 10 to 12 
show scenarios with 50% subsidy on the investment cost.  

Results show that after this significant gas price increase, biomethane production 
becomes economically profitable. 

 

Fig. 7 Results for optimal P2G hub next to IP with higher prices of methane and no 
subsidy  

P2G hub next to IP with large methane consumption can be highly profitable with 
increased gas prices. Optimal result for this scenario is producing as much biomethane 
as it is possible with constraints of the OT to fulfil the IP’s needs for gas. In this scenario, 
both wet and dry biomass inputs are limited to 10 tonnes per day and that is the amount 
of dry biomass bought each day by the P2G hub. Wet biomass sources which are more 

http://www.interreg-danube.eu/danup-2-gas
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expensive in this scenario are bought in smaller amounts during summer. That biomass 
is used in anaerobic digestors (AD) which are sized to allow the acceptance of all the 
biomass available. Biogas produced from ADs is going to the methanation reactor sized 
accordingly to the biogas input. CO2 from biogas needs H2 in the methanation reactor 
and that hydrogen is supplied from the electrolyser. Biochar that is a by-product of AD 
is sold during summer period and during winter when gas price is high, biochar is used 
in gasification and water gas shift plant (GWGS) to produce syngas which also supplies 
the methanation reactor. Other investments include demineralizer and precipitation 
collector for water to supply the electrolyser, gas compression station and heat 
exchanger. Since gas is more expensive during the winter period, biomass storage is 
being filled during summer and emptied during winter to increase intake of the 
anaerobic digestors and therefore methane production in the winter period. Biomass 
storages are set to their maximal allowed size in the OT. 

Investment for P2G hub next to the REP shows a similar investment as in the scenario 
with the P2G hub next to the IP. 

 

Fig. 8 Results for optimal P2G hub next to REP with higher prices of methane and no 
subsidy 

Unlike with IP, P2G hub next to REP is selling the produced gas to the grid (distribution 
grid, not the transmission grid like for the IP case) and price increase was not sufficient 

http://www.interreg-danube.eu/danup-2-gas
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to produce gas and sell it to the grid during summer. Methane is produced mostly during 
winter and sold to the grid while during summer there is a small intermittent 
biomethane production. Methane produced during summer is following the amounts 
of electrical energy produced by REP which is used to support the P2G hub processes 
and no additional electricity is bought from the grid in summer. Additional electrical 
energy is bought from the grid during winter to maximize the biomethane production 
in that period. 

 

Fig. 9 Results for optimal P2G hub as GF with higher prices of methane and no subsidy 

Similar results are obtained with gas price increase on the scenario with GF investment 
as with the REP collocation scenario. Methane is produced only during the winter period. 
Biomass storage is being emptied throughout the winter period and before the winter 
tariff starts again it is being refilled. Here, transmission gas grid is used for connection 
which requires higher gas compressor station power than for the case of P2G collocation 
with REP. 
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3.5 RESULTS WITH INCREASED GAS PRICES WITH 
SUBSIDIES 

 

Fig. 10 Results for optimal P2G hub next to IP with higher prices of methane and subsidy 
of 50% 

Subsidy did not significantly affect the optimal sizing for the scenario with increased 
prices of gas and P2G hub next to the IP. Again, biomethane is produced throughout the 
year with slightly smaller production during summer. The only significant difference is 
in the investment cost which is now roughly 50% lower and the payoff period is thus 
shorter.  

http://www.interreg-danube.eu/danup-2-gas


         

                                                                                                    

Project co-funded by the European Union funds (ERDF, IPA) 
www.interreg-danube.eu/danup-2-gas 20 

 

Fig. 11 Results for optimal P2G hub next to REP with higher prices of methane and 
subsidy of 50% 

Similarly, subsidy did not change optimal size of the P2G hub next to REP for the 
considered case of higher natural gas prices. Biomethane is produced during winter and 
during summer the production is small and intermittent just to accommodate the 
electrical energy produced by REP.  

http://www.interreg-danube.eu/danup-2-gas
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Fig. 12 Results for optimal P2G hub as GF with higher prices of methane and subsidy of 
50% 

Finally, adding subsidy while gas prices are increased, did not change the optimal size of 
P2G as GF investment. Methane production occurs during winter and it is limited by 
biomass storages which define the maximal daily intake.  

4. CONCLUSIONS 

Prefeasibility studies for three characteristic location cases for a P2G hub investment in 
Croatia are presented. Maximum allowed return on investment period of 20 years is 
considered uniformly in all cases, however often the optimum economical setup of the 
investment yields much shorter return on investment periods. In scenarios with current 
gas prices in Croatia, biomethane production is not economically feasible. On the other 
hand, OT shows in case with P2G next to IP, combined heat and power plant is profitable 
with current electricity and gas prices. Adding subsidy makes CHP profitable for REP and 
GF but only during summer when prices of gas are lower. Increase of methane price 
enables investment in biomethane production within the P2G where hubs next to IP 
produce biomethane throughout the year while hubs next to REP and GF produce 
methane during winter when gas prices are much higher. With an additional increase 
in the gas price, production would become profitable throughout the year.   
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