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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 considered?. 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
3.1SUMMARY

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 Higher natural gas / »renewable natural
natural gas« prices gas« prices
No increase | Noincrease | Noincrease | 10x increase | 10x increase | 10x increase
IP REP GF IP REP GF
No subsidy | Hydrogen Hydrogen Hydrogen Renewable Renewable Renewable
production production production gas and | gas and | gas and
Fig. 1 Fig. 2 Fig. 3 biochar biochar biochar
production, | production, | production,
Fig. 7 Fig. 8 Fig. 9
Subsidy of | Hydrogen Hydrogen Hydrogen Renewable Renewable Renewable
50% production production production gas and | gas and | gas and
Fig. 3 Fig. 5 Fig. 6 biochar biochar biochar
production, production, production,
Fig. 10 Fig. 11 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 n 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.

3.1RESULTS 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.

Investment specifications. Operational costs for selected period

Element Cost Size Cost Amount
Diry anaerobic digestor 0,00/ 0,000000| kg's Produced by REP 0,001 0,00 bWk
Wet anaerobic digestor 0.0af1 0.000000|ka's 5 Consurned by IP 41920 000.00{1 320 000,00 Mwh
Diry biomass to biochar plant 00001 0000000 kg's % hlet consumption without investrment 41920 000,00/1 320 000,00 Mw'h
‘wat biornazss to biochar plant 0,00/ 0,000000| kg's = Mean peak power without investment 2191780,82(1 36,53 bW
Carnbined heat and power [CHP) 0.00f1 0.00| ke E Consurned by P2G 2504 073661 19 115,07 | Mwh
2 Carbon capture plant 0,00/ 0,000000 | molt= ﬁ Net consumption with investment 44 424 073,661 339 115,07 Mwh
§ Gasification + water gas shift plant 0.0af1 0.000000| kg's Mean peak power with investment 2322708.161 38.71| MW
2 |Methanation reactor 0,001 0,000000| rnalts Produced by REP 0.00/1 0,00/ MWwh
* |Electrolyser 5 373ETF.2E)1 2 54T ki = Produced IP 0,00[1 0,00/ Mtk
Dernineralizer 535.97)1 5.359654 | rolts £ Met production without investrment 0.00/1 0.00|Mwh
Precipitation collector 2000001 1000,00| mé Consurned by P2G 0.00/1 -1622.22|Mwh
Heat exchanger 18518521 185,19 | k' Met production with investment 0,001 162222 Mwh
Gas compressor station 0.0af1 0.0000|kwWe fg" z Produced by REF 0,001 0.00|Mwh
Total for processes 5394 731,731 B o Consurmed by P 878 902,36(1 11 630,00 Mwih
Diry biorass storage 0,00/ 0,00 kg E Fé et consurnplion without investrnent 878 902,361 11 630,00 Mk
“wiet biomass storage 0.00f1 0.00|kg E g Produced by P2G 0.00/1 0.00|MWwh
Biochar storage 0,00/ 0,00 kg 2 2 |Net consumption with investment 878 902,361 11 630,00 MwWh
Eiogas storage 0.0af1 0.00|kg \Water Water from the grid consumed by P25 42080001 2 475.88 m*
2 |Hudrogen storage tank 0.0af1 0.00|kg Callected precipitation consumed by P2G réall 313,00/ rn®
E Oxygen storage tank 00001 000 kg | Drybiomass bought 0,001 0,00/t
@ | Methare storage tark 0.0af1 0.00|kg E -% wet biomass bought 0,001 0,00/t
Sungas starage tank 0.00f1 0.00|kg £ ® |Biochar bought 0.00/1 0,00t
Carbon dioxide storage tank 0,00/ 0,00 kg E Total cost of input materials 0,001
“Wiater starage tank 0.0af1 0,00/ rm® Hydrogen sold [in bottles] 3 650 000.00{1 36500/t
Total For storages 0,001 T, Cicpgen sald [in battles] 36 500,001 365.00(¢
2 £ Electrical connection 0001 0,00/ kv £ £ | Methane sold [in battles) 0,001 0,00/t
£ [Gas cornection o001 0.00|Mw 2 " |Biocher sold 0.00)1 0,00/t
£ £ |'water connection 0.oan 0,35/ mth Total revenue from additional sales | 3 686 500,00 1
BB Total For connections 0,001 Riesidue from dry anasrobic digester 0,001 0,00/t
Total investment 5394 731.73 1 & Residue from wet anasrobic digester 0.00/1 0,00/t
Payoff period 11,94_years ?:,‘ Tar frorn gasification + water gas shift plan 0,001 0,00/t
¥ | CO2 emitted 0,00[1 0,00/t
Total cost of residues 0,001

Total operational cost without invest|
Total operational cost with investmer
Savings with introduction of P2G

44 990 683.181
43943393191
1047 290,001

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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Investment specifications Il Operational costs for selected period

Element Cost Size Cost Amount
Dry anaerchic: digestar 0,001 0000000 kogls Produced by REP 580 750,001 E 900,00 tAwh
Wet anaerobic digestor 0,00(] 0,000000 kgts § Conzurned by [P 0,00/ 0,00/ Mk
Dry biomags ta biochar plant 0,001 0000000 kols % Mt consurmption without investrnent -6B0 750,001 - 900,00 Mwh
Wwet biomass ta biochar plant 0,001 0000000 kgls = ean peak power without investrnent 0,001 0,00 b
Cornbined heat and power (CHP) 0,00(] 0,00 kwe é Conzurned by PG 2504 073EE | 19 15,07 | Mwh
u Carbon capture plant 0,001 0,000000] rmolts = het consumption with investment 1609 551,23 1 12 215,07 Mwh
& |Gasification + water gas shift plant 0,001 0000000 kgls Mean peak power with investment 128 968.25 1 2,15 Mw
2 |Methanation reactor 0.00/1 0.000000 rmalts Produced bw REP 0001 0,00 Mwh
= Electralyser B 3FIETF.AAI 214947 kW Produced IP 0,001 0,00 hiadhy
Demineralizer 5000,00(1 50,000000 | molts E Met production without imvestrment 0,001 0.00 bwh
Precipitation collector 2000001 1000.00 m® Consumned by P2G 0001 -1622.22 MWwWh
Heat exchanger 1|a18.52)1 185,19 kw Net production with investment 0,00 1 1622,22 MwWh
Gas compressar station 0,001 0,0000 k'we 7= Produced by REP 0,001 0.00 bwh
Total for processes 5 399 195.77 1 E g Consurned by IP 0001 0,00 Mwh
Dry biomass storage 0,001 0.00 kg E ﬁ Met consurnption without investrnent 0,001 0,00 bfh
Wwet biomass storage 0,001 0.00 kg \g g Produced by P2G 0,001 0,00 bwh
Biochar storage 0.00/1 0.00 kg © 2 | Net consumption with investment 0.00 1 0.00 MWh
Biogas starage 0,001 0,00 kg Water “Water frorm the grid consumed by P2G 4.209,00/] 2 475,88 r?
a Hudrogen storage tank 0,001 0.00 kg Callected precipitation consurned by P25 rall 13,00 m?
E Oxwgen storage tank, 0.00/1 0.00 kg » Dry biorass bought 0001 0,00t
@ |Methane storage tank 0,001 0,00 kg g % Wet biomass bought 0,001 0,00t
Sungas starage tank 0,001 0.00 ka E % |Biochar bought 0,001 0,00t
Carbon dioxide starage tank 0.00/1 0.00 ka E Total cost of input materials 0.00 1
Water storage tank 390354(] 177,43 m® Hudrogen =old [in bottles) 3650 000,00 | 3B5,00 ¢
Total for storages 3903541 T, Oixwgen sold [in bottles] 365000001 365,00t
E E |Electrical connection 0,001 000 kA % ﬁ tethane sold [in bottles] 0,001 0,00t
g E Gas connection 0,001 0,00 Mw g Biochar sold 0,000 0,00t
£ = |Water connection 0,001 3.25 mith Total revenue from additional sales 3 686 500,00 |
3 & [Total for connections 0,001 Residue fromn dry anserobic digester 0,001 0,00t
Total investment 5 403 099,311 & Fiesidue from wet anaerobic digester 0001 0,00t
Payoff period 9,94 years ?:‘ Tar from gasification + water gas shift plant 0,001 0,00t
¢ |CO2 emitted 0,001 0,00t
Total cost of residues 0,001
Total operational cost without investm -580 750,00 1
Total operational cost with investmen| -1943 771511
Savings with introduction of P26 1363 021,611

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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Investment specifications Operational costs for selected period

Element Cost Size Cost Amount
Dry anaerobic digestor 0.00f1 0,000000|kg's Produced by REP 0o 0,00 Mw'h
Wet anaerohic digestar 0,001 0000000 kofs & Consurned by IP 0,001 0,00 Mk
Dry biomass to biochar plant 0.00(1 0,000000] ko= g Met consurnption without investrment 0001 0,00 Mwh
‘wet biomazs to biochar plant 0.00f1 0,000000|kg's % ean peak power without investment 0o 0,00 b
Cornbined heat and power [CHP) 0,001 0,00 k'w'e E Consurned by P2G 2504 073,661 13 115,07 Miwh
a Carbon capture plant 0.00(1 0,000000] rmolts a2 et consumption with investment 2504 073,661 19 115,07 Mwh
§ Gasification + water gas shift plant 0.00f1 0.,000000| kg Mean peak power with investment 130 926,54 1 2,18 MW
& |Methanation reactor 0.00)1 0.000000] rmolts Produced by REP 0001 0,00 Miwh
®  |Elestrolyser 5 373677.25)1 214947 |k Produced IP 0001 0,00 Mwh
Dernireralizer G14.60(1 5,145962| rmalts E Met production without investrment 0o 0.00 Mk
Precipitation collectar 2000.00/1 1000,00|m* Consurned by P2G 0001 -1622.22 | Mwh
Heat exchanger 18 518.52|1 185,19 k' Net production with investment 0,00 1 1622,22 Mwh
Gas compressor station 0.00)1 0.0000|kiw'e Tz |Producedby REF 000 0,00 Mwh
Total for processes 5394 710.36 1 E g Consurned by IP 0o 0,00 Mw'h
Dry biomass storage 0.00(1 0,00 kg E E Met consurnption without investment 0001 0,00 Mwh
Wet biornass storage 0.00)1 0.00/kg 5 E Produced by P26 000 0,00 Mwh
Biochar storage 0.00f1 0.00/kg © 2 |Net consumption with investment 0001 0.00 MWh
Bingas storage 0,001 0,00/kg \Water | #ater From the arid consumed by P26 4209001 2 475,86 m’
& |Hydrogen storage tank. 0.00(1 0,00 kg Collected precipitation consurmed by P2G Hal 13,00 m*
E Ozygen storage tank 0.00f1 0.00/kg @ Dry biornass bought 0o 0oat
@ Methane storage tamk 0,001 0,00/kg 5 |Welbiomass bought o 0,00t
Syngas storage tank 0.00(1 0,00 kg = Ig Biochar bought 0001 000/t
Carbon dioxide storage tank 0.00f1 0.00/kg Total cost of input materials 0001
“water storage tank 227.33)1 10.33|m* Hydrogen sold (in baottles) 3650 000,001 365,00t
Total for storages 227.3311 T, Oxwgen sold [in bottles) 36 600,00 1 365,00t
g E Electrical connection 577 046,621 2.19| M S & |Methane sold [in bottles) 0o 0oajt
£ § |Gas connection 0.00)1 0,00/ Mw/ %7 |Biochar sold 0001 000}t
£ & |Water connection 0,001 0,33|mh Total revenue from additional sales 3 686 500.00 1
S & |Total for connections 577 046,681 Residue from dry anaerobic digester 0001 0ot
Total investment 5971984.381 2 Residue from wet anasrobic digester 0o 0oat
Payoff period % Tar from gasification + water gas shift plant 0001 0,00t
& C02 ernitted 000 000t
Taotal cost of residues 0.00 1
Total operational cost without investm 0,00 )
Total operational cost with investmen  -1047 290,80 1
Savings with introduction of P2G 1047 290,80 1

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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3.2RESULTS 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.

Element Cost Size Cost Amount
Diry anaerobic digestor 0,001 0.000000| kgls Produced by REP 0,001 0.00] kb
Wet anaerobic digestar o.ooj 0.000000 kogts 5 Corsurmed by IP 41320 000,00{1 320 000,00 Mk
Dry biornass ta biochar plant o,oa 0.000000 kots % Met consumption without investment 41920 000,001 320 000,00/ k4w
Wwet biomaszs to biochar plant 0,001 0,000000) kots ] fean peak power without investrnent 2191780,82(1 36,53 bt
Cornbined heat and pawer [CHP) 0,001 0,00 khwe E Consurned by P2G 2504 073661 19 115,07 | bt
e Carbon capture plant 0,001 0,000000| malts 2 Net consumption with investment | 44 424 073,66 |1 339 115,07 MWh
£ |Gasification + water gas shift plant 0,001 0,000000 kg's Mean peak power with investment 2322 708161 38.71 MW
o |Methamation reactor o.ooj 0.000000 molfs Produced by REF o.ooj 0.00] M
* |Electrolyser 2 686 838.62)1 2 14947 | kw = Produced IP 0,001 0,00] kAhy
Drernineralizer 267,981 5,359654  mollz £ et production without investment 0,001 0,00/ kAt
Precipitation collector 1000,00/1 100000/ m* Consumed by P25 0,001 -1622.22 kw'h
Heat exchanger 9259.26/1 185,19 k'w Net production with investment 0,001 1622.22 Mwh
Gas compressor station o.ooj 0.0000 k'we fg 2 Produced by FEF o.ooj 0.00] M
Total for processes 2 697 365,87 |1 3 g Conzumed by IP 878 902,361 11630,00 k'
Dry biornass storage 0,001 0,00/ kg E ﬁ Met consurmption without investment 878902,36)1 630,00 kw'h
‘w'et biomnass storage 0,001 0,00/ kg Tué g Produced by P2G 0,001 0,00 bAwih
Bliochar storage 0,001 0,00/ ka 0 2 |Net consumplion with investment 878 902.36 1 11 630.00 Mwh
Biogas storage o.ooj 0,00 kg \Water Water From the grid consurmed by P26 4209,00(1 2 475.88|m*
2 |Hydrogen storage tank 0,001 0,00/ kg Collected precipitation consumed by P2G riall 819,00/ m?
E Oxugen starage tank 0,001 0,00/ kg o | Drubiomnass bought 0,001 0,00t
@ |Methane storage tank 0,001 0,00/ kg E E ‘wet hiomass bought 0,001 0,00t
Sungas storage tank 000/ 0,00/ kg £ E Biochar baught 000/ 0.0t
Carbon dioxide storage tank, o.ooj 0,00 kg Total cost of input materials 0,001
Water storage tank 0,001 0,00/ rm* Hudrogen =old [in bottles) 3 B50 000,00 ) 365,00/t
Total for storages 0,001 T, Cixygen sold [in botles) 36 500,001 365,00t
£ T |Electrical cornection 0,001 0,00] b 2 £ |Methare sold [in bottles] 0,001 0,00t
£ £ |Gas conrection 0.00(1 0,00/ v 2 " |Biochar sold 0.00(1 0.00[t
£ E | water cornection 0000 0.35/m*h Total revenue From additional sales| 3 686 500,001
B Total for connections 0,001 Fesidus from dry anaerobic digester o,oa 0.0t
Total investment 2 697 365,87 1 & Fesidus from wet anaerobic digester 0,001 0,00t
Payoff period 8,47.years g’ Tar from gasification + water gaz shift plan 0,001 0,00t
I CO2 emitted 0,001 0,00t
Total cost of residues 0,001

Total operational cost without inves! 44 990 683.18 |1
Total operational cost with investme 43 943 393,191
Savings with introduction of P2G 1047 290,00 1
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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I ]
Element Cost Size Cost Amount
Dry anaerobic digestor 0,001 0.000000| kg's Praduced by REP 580 750,001 £ 900,00 Mwh
Wet anaerobic digestor 0,001 0.000000| kg's E Consumed bu IP 0,001 0,00 bMwh
Dry biomaz= to biochar plant 0,001 0.000000| kg's z hlet consurmption without investrment -580 750,00 1 -6 900,00 Mwh
Wwiet biorass to biochar plant 0,001 0,000000| kgl= % hean peak power without investrnent 0,001 0,00] bW
Cornbined heat and pawer [CHP) 0,001 0.00) ke % Conzurmed by P2G 2504 07366 | 19 15,07 Mwh
" Carbon capture plant 0,001 0,000000| malts 2 Net consumption with investment 1609 551,231 12 215,07 Mwh
8 | Gasification + water gas shift plant 0,001 0,000000| kg's Mean peak power with investment 128 968.25 | 2,15 Mw
2 |Methanation reactar 0,001 0000000 malts Praduced by REP 0,001 000 bW
= |Elegtrolyser 2 BOE 83862 1 214847 | ki = Produced IP 0,00 0,00] ik
Dernineralizer 2500,00 | 50,000000] rolfs £ Net production without investrnent 0.o0 0.00] kw'h
Precipitation collector 1000001 1000,00| rm? Consurned by F2G 0.o0 -1622.22 | bwh
Heat exchanger 9259261 185,19 kiw' Net production with investment 0,001 162222 Mwh
Gas compressor station 0,001 0,0000) ke ‘TE‘ 2 Praduced by REP 0,001 0.00) Mwh
Total For processes 2 699 597.88 1 = g Consumed by IP 0,001 0.00) Mwh
Dry biomass =torage 0,001 0,00 kg E ﬁ hlet consumption without irvestrent 0,001 0,00 bMwh
Wet hiomass storage 0,001 0,00 kg E E Praduced by P2G 0,001 0.00] M
Biochar storage 0,001 0,00 kg 2 2 |Net consumption with investment 0,001 0,00 Mwh
Biogas storage 0,001 0,00 kg Waler ‘W ater from the grid consurmed bu P2G 4.209,001 247588 m*
2 | Hudrogen storage tank 0,001 0,00 kg Caollected precipitation conzurned by P25 rall 13,00/ m?
g Oixugen storage tank 0,001 0,00 kg L, |Dry biornass bought 0,001 0,00t
@ | Methane storage tank 0,001 0,00/ kg 5 % ‘“Wet biomass bought 0,001 0,00t
Sunigas storage tank 0,001 0,00/ kg £ E Biochar bought 0,001 0,00t
Carbon diaxide storage tank 0,001 0,00/ kg Total cost of input materials 0,001
‘Water storage tank 19517711 17743 Hudrogen =old [in bottles] 3 ER0000,00/] 365,00t
Total For storages 195177 1 T Oxygen sald [in bottles] A6 500,00 1 365,00t
2 E Electrical connection 0,001 0.00] MW £ £ |Methane sold[in bottles) 0,001 0.00)t
£ £ | Bas connection 0,001 0,00/ Mw 2 " |Biochar sold 0,001 0.00]t
£ B [Water connection 0,001 3.25|mth Total revenue From additional sales | 3 686 500,00 |
& & [Total for connections 0,001 Residue from dry anaerobic digester 0,001 0,00t
Total investment 2 701549651 2 Residue from wet anaerobic digester 0,001 0,00t
Payoff period 7. A7 years %‘ Tar from gasification + water gas shift plan 0,001 0,00t
& CO2 emitted 0,001 0,00t
Total cost of residues 0.00 1
Total operational cost without investt  -580 750,00 |
Total operational cost with investmer -1943 77151 1
Savings with introduction of P2G 1363 021.51)1

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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I ]
Element Cost Size Cost Amount
Dry anaerobic digestar 0,001 0.000000 kgl Praduced by REP 0,001 0,00 hA'wih
Wet anaerohic digestor 0.00/1 0000000 kgls 5 Consurned by IP 0,001 0,00 ki
Dry biornass to biochar plant 0,00(1 0,000000| kg's % Met consurnption without investrent 0,001 0,00 kA
‘Wwiet bioass to biochar plant 0,001 (0.000000 | kgls = hean peak power without investment 0,001 0,00 b
Cormnbined heat and power [CHF] 0.ooj 0,00 ke E Consumed by P26 2504 073661 19 115,07 | bk
" Carbon capture plant 0,001 (0,000000 | malts 2 Net consumption with investment 2 504 073,661 19 115,07 |Mwh
& | Gasificalion + water gas shift plart 0,001 0.000000 | ko's Mean peak power with investment 130 926.54 |1 218 MW
2 | Methanation reactar 0,001 0.000000 | rnolts Produced by REF 0,001 0,00 kA
= Electroly=er 2606 838,621 214947 |k % Produced IP 0,001 0,00 bk
Dernineralizer 257.3001 5,145962  molts f Met production without investrment o.oojn 0.00] Mwh
Precipitation collector 1000001 1000,00|m* Conzumned by P2G 0,001 -1622,22 bwih
Heat exchanger 9259261 185,19 kW Net production with investment 0,001 1622.22 MwWh
Gas cornpressor station 0,001 0,0000] ke 'TE" = Praduced by REP 0,001 0,00 bW
Total for processes 2 697 355181 8 o |Consumed by IP 0,001 0,00 bwih
Dry biornass storage 0,001 0,00/ kg E E Met consurnption without investrent 0,001 0,00 kA
Wwiet bionass storage 0,001 0,00|kg E g Produced by P2G 0,001 0,00 bk
Biochar storage 0,00/ 0.00|kg O £ |Net consumption with investment 0,001 0.00 MwWh
Biogas storage 0,001 0,00/ kg Water ‘W ater from the grid consumed by P2G 4.209,00/1 2 475,88|m*
2 |Hudrogen storage tank 0,00/ 0.00|kg Collected precipitation consurmed by P2G rlall 819,00 m?®
§ Oixygen storage tank 0,001 0,00/ kg o |Drybiomass bought 0,001 0,00
& |Methane storage tank 0,001 0,00/ kg E E “w'et hiomass bought 0,001 0,00t
Sungas storage tank, 0,001 0,00/ kg £ Ié Biochar bought 0,001 000/t
Carbon dioxide storage tank 0,001 0,00|kg Total cost of input materials 0,001
‘Water storage tank N3E71 10.33|m?* Hudrogen sold [in bottles] 3650 000,001 365,00t
Total for storages 113,67 |1 § . Cxygen sold [in bottles) 36 500,00/1 365,00t
2 T |Electrical connection 577 D4E.68|1 279 bl £ £ |Methane zold [in bottles) 0,001 0,00t
£ £ |Gas connection 000t 0.00| MW 2" |Biochar sid 0001 000t
£ § [Water connection 0,000 0.33|mh Total revenue from additional sales| 3 686 500,00 |
2 & [Total for connections 577 046681 Residue fram dry anaerobic digester 0,001 0,00t
Total investment 3 274 515,531 & Fiesidue from wet anasrobic digester 0,001 0,00t
Payoff period 9.21 years g’ Tar from gasification + water gas shift plar 0,001 0,00t
& CO2 emitked o.oojn 000/t
Total cost of residues 0,001
Total operational cost without invesl 0,001

Total operational cost with investme -1047 290,801
Savings with introduction of P2G 1047 290,801

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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3.3RESULTS 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.

Element Cost Size Cost Amount
Dry anasrobic digestor 2430555561 0715741 kats Produced by REP o.ooj 0.00 Mwh
Wet anaerobic digestor 2430555561 015741 kgl= § Conzurned by [P 41320000,00/1 320 000,00 kAW h
Diry biornass to biochar plant 0,001 0,000000| kglz % Met conzurnplion withaut investrment 41920 000,001 320000,00 Mwh
‘wet biomass to binchar plant 0,001 0.000000| kgls = hdean peak power without investrment 2191780821 36,53 k'
Cornbined heat and power [CHF] 0.ooj 0,00 k'we E Consumed by F2G 14 377 380631 09 78077 Mwh
B Carbon capture plant 0,00(1 0,000000 molts ﬁ Met consumption with investment 56 297 350,63 |1 429 750,77 Mwh
8 | Gasification + water gas shift plant 231481 0,002315| kofs Mean peak power with investment 2 943 500,64 1 49,06 MW
5 | Methanation reactar 3093 202,081 7278123 | mall= Produced by AEP 0,001 0.00 bwh
* |Electroluser 1E2239395)1 E 48957 |k = Produced IP 0.0a1 0,00 kwfh
Dernineralizer 171.25)1 1712460 | malts L Met production without investrnent 0,001 0,00 hadh
Precipitation collector 2000001 1000,00) m® Consurned by P25 0,001 -20 307 57 kAwh
Heat exchanger 237 863,231 2378 R3 kw Met production with investment 0,001 20 307 57 MwWh
Gas cornpressor station 46 821,48]1 58,5269 | k'w'e Tz Produced by REP 0,001 0,00 hadh
Total For pn 24 468 955.91)1 E 2 |Consumed by 1P 5777 458,361 630,00 bw'h
Dry biornass storage 100 000,001 10 000,00| ka E ﬁ Met consumption without investrnent 5 F77 458.36)1 630,00 Mwh
Wwet biomass storage 50 000,00/1 10000,00 kg E g Produced by P25 20016 307,161 5132386 hwWh
Eliochar storage 15 000,00(1 1000,00/kg © 2 |Net consumption with investment -15 480 607,16 1 -39 693.86 Mwh
Bingas storage 0,001 0,00/ kg Water ‘water from the grid consumed by P2G B584.611 9 15742 m?
2 |Hudrogen storage tank 0,00(1 0,00/ kg Collected precipitation consumed by P2G rall §13,00 rr®
g Cipgen storage tank 0,001 0,00 kg » | Drubiomass bought 281131571 350,00/t
@ |Methane storage tark 0,001 0,00/ kg 5 -E ‘wiet biomass bought 200 355,121 350,00/t
Sungas storage tank 0.ooj 0,00 kg £ Ié Biochar bought o.ooj 0,00t
Carbon dioxide storage tank 0,00(1 0,00/ kg Total cost of input materials 1082 086,681
“wiater storage tank 0,001 0,00/ m* Hydrogen sold [in boltles) 3 50 000,001 365,00t
Total for storages 165 000001 - Oxpgen sold [in bottles] 36 500,001 36500 t
] E Electrical connection 000 0,00 kA £ £ |Methane sold [in bottles] 0,00 0,00t
% £ |Gas connection 73683461 053] b E “ | Biochar sald 222 650,001 36500t
£ £ |water connection 0,000 111 mh Total revenue from additional sales | 3 909 150,001
88 Total for connections 79 6B9.46 1 Fesidue from dry anaerobic digester o.ooj 109500t
Total investment 24 713 645.37 |1 ] Fesidue from wet anaerobic digester 0,001 47 50t
Payoff period 8,20.years g’ Tar from gasification + water gag shift plan 0,001 7300t
& CO2 emitted 0,001 0.00t
Total cost of residues 0,001

Total operational cost without invest 49 889 239,181
Total operational cost with investmer 40 948 765,411
Savings with introduction of P2G 8940 473,781
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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Investment specifications

Operational costs for selected period

Element Cost Size Cost Amount
Dry anaerobic digestar 2430555561 016741 kols Produced by REP 580 750,001 E 300,00 Mk
Wet anaerobic digestor 2 430555561 0156741 kas & Conzurned by IP 0.00(1 0,00 Mwh
Dry biormas= ta biachar plant 0,001 0,000000) kgl o Met conzumnption without investrnent -580 750,001 -5 900,00 kA
‘wet biornass to biochar plant 0,001 0000000 kots % ean peak power without investrnent 0,001 0,00] bt
Combined heat and power [CHF] 0,001 0,00 kWe E Conzurned by P25 14 583 958,761 T 373,73 MWwWh
8 Carbon capture plant 0,001 0,000000| mali= ulj Met consumption with investment 13 686 058,16 1 104 473,73 MWh
E Gasification + water gas shift plant 23480 0002315 kats Mean peak power with investment 762 059.49 1 12.70 MW
5 |Methanation reactor 3093 202,08(1 7278123 molls Produced by REP 0.00(1 0,00 Mwh
* | Electrolyser 6223 931,951 E 489,57 kw Produced IP 0,001 0,00/ Mwh
Dernineralizer 1981661 19816603 mollz E et production without investrment 0,001 0,00 hwh
Precipitation collectar 2000,001 1000,00|m® Consurned by P2G 0.00(1 -20 307 57 | MWk
Heat exchanger 237 BE3.23)1 2 37RE3 kW Met production with investment 0,001 20 307 .57 | MwWh
(Gaz comnpressor station 195 036,851 243.7961 k\We TE Produced by REP 0,001 0,00 hwh
Total for processes 24 617 441691 ﬁ o |Consurned by 1P 0.00(1 0,00 hwh
Dry biomas= storage 100 000,001 10 000,00 kg E ﬁ Met conzumption without investrment 0,001 0,00/ b
‘wet biornass storage 50000,00/1 10 000,00/ ka @ g Produced by P2G 20008 824,141 51323.86 hMwh
Biochar storage 15000,00]) 1000,00 kg © 2 |Net consumption with investment -20 008 824.14 1 -51323.86 MWh
Biogas storage 0,001 0,00{kg Water ‘water From the grid consumed by P26 15 584611 9167.42|m*
§ Hydrogen storage tank 0,001 0,00 kg Collected precipitation consumed by P2G nal 819,00 | r®
E Oxygen storage tank 0,001 0,00 kg B Dry biornass baught 394 260.86)1 3650,00t
@ |Methane storage tank 0,001 0,00{kg ‘g E wet biomass bought 207 574,031 3ER0,00(t
Swvngas storage tank 0,001 0,00 ka £ ® |Biochar bought 0,001 0,00t
Carbaon dioxide storage tank 0,001 0,00 kg E | Total cost of input materials 601 834.90 1
W ater storage tank E25,14|] 28,42/ m* Hudrogen =old [in bottles] 3 E50 000,001 365,00/t
Total For storages 165 625.14 1 T, Oizvgen sol/d [in bottles) 36500001 366,00t
H E |Electrical connection 1331923861 8,88/ Mw % § Iethane sold [in battles) 0,001 0,00]t
B E Gas connection 16 756 531.34]1 5.86| MW z Biochar sold 222 650,001 365,00t
E & |Water connection 0,001 123 mith Total revenue from additional sales 3 909 150.00 1
S & | Total for connections 18 088 455.20 1 Fiesidue from dry anaerobic digester 0.00(1 109,50t
Total investment 42 871522,03|1 il Residue from wet anaerobic digester 00001 547,50t
Payoff period 11.09 | years E Tar frorn gasification + water gas shift plant 0,001 7.0t
# CO2 ermitted 0,000 0,00/t
Total cost of residues 0.001
Total operational cost without investrm -580 750.00 1

Total operational cost with investmen
Savings with introduction of P2G

-8 852 436,991

8 271686,991

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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I ]
Element Cost Size Cost Amount
Dry anaerobic digestor 2 430 555,56/ | 011574 | kals Produced by REP 0,00/ 0.00] b
‘Wwet anaerobic digestor 2 430 555,561 0115741 ka's E Consurned by IP 0.0aj 0.00] bwih
Dry biornass to biochar plant 0,001 0,000000] kots ;EJ et cansurnption without investrment 0,00/ 0.00] b
‘wet biornass ta biochar plant 0,001 0000000 kg's K] Mean peak power withaut investrnent 0.0aj 0.00] ks
Cornbined heat and power [CHF| 0,001 0,00 k'we £ Consurned by P26 14 377 350,631 109 750,77 | kwh
2 Carbon capture plant 0,001 0000000/ rnolts = Met consumplion with investment 14 377 350,631 109 750.77 Mwh
8 Gasification + water gas shift plant 231811 0.002315 kgls Mean peak power with investment 751719021 12,53 MW
5 | Methanation reactor 3093 202,081 7.278123 molts Produced by REP 0.0aj 0.00] bwih
= Electrolyser 16 223 931,95)1 B 439,57 kW = Produced IP 0,00/ 0.00] b
Dernineralizer 1689881 16.898768 | molts £ Met production withaut investrnent 0.0aj 0.00] bwih
Precipitation collector 2000,00/1 1000,00) m* Consumed by P2G 0,00/ -20 307,57 | bwh
Heat exchanger 237 863,231 2 378 B3| kW Met production with investment 0,001 20 307 57 Mwh
Gas compressor station 46 821481 58,5269 k'we TE Produced by REP 0,00/ 0,00 bwih
Total For processes 24 468 934,541 E 3 Consurned by IP 0,001 0,00|kwh
Dru biomass storage 100 000,00/ 1 10000,00| kg E = | Mel consumption without investment 0,00/ 0,00 bwih
et biomass storage 50 000,00/ | 10 000,00/ kg E E Produced by P2G 20 076 307,16/1 51323 86| Wh
Biochar storage 15000,00(1 100000/ kg 0 2 |Net consumplion with investment -20 016 307161 -51323.86 Mwh
Biogas storage 0,001 0,00 kg \water Wwater Frorm the grid consumed by P2G 15584 611 916742 m*
2 |Hudrogen starage tank 0,001 0,00 ka Collected precipitation consurned by P2G Hall 19,00/ m*
g Oxygen storage tank 0,001 0,00 kg ,» | Dry biomass bought 389 114,631 3ER0,00(t
@ | Methane storags tamk 0,001 0,00 ka b= -% ‘et biornass bought 208 830,441 350,00/t
Syngas storage tank 0,001 0,00 kg £ % |Biochar bought 0,00/ 0,00
Carbon dioxide storage tank 0,001 0,00 ka = Total cost of input materials 597 995.06 1
Water storage tank, 227,331 10,33 m* Hydrogen sold [in bottles) 3650 000,00/1 365,00t
Total for storages 165 227.331 E, Oxwagen sald [in battles) 36 500,001 36500t
g E | Electrical connection 3 305 683.95)1 12,53 b/ % ﬁ Methane sald (in bottles) 0,00/ 0,00
T £ Gas connection 334611748301 5,86 v b} Biochar sold 2226500001 365.00[t
E E Water connection 0.00(1 110 mith Total revenue from additional sales | 3 909 150,00 1
= @ Taotal for conneclions 36 766 958.78 1 Flesidue from dry anaerobic digester 0.0aj 109,50t
Total investment 61 401 020,651 ] Fiesidue from wet anaerobic digester 0,00/ 547,50t
Payoff period 13.8: lyears %‘ Tar From gasification + water gas shift plan 0.0aj 70t
2 CO2 emitted 0,001 0,00t
Total cost of residues 0001
Total operational cost without invest 0,001
Total operational cost with investmer -8 182 B07.84 1
Savings with introduction of P2G 8 182 B07.84 1

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

Investment specifications Operational costs for selected period

Element Cost Size Cost Amount
Dry anaerobic digestor 1215 277.78)1 0.115741 kots Produced by REP 0.00/1 0,00 kwh
“Wwhet anaerobic digestor 1216 277,781 0,15741 kgfs § Consumed by IP 411320 000,001 320 000,00 Mwh
Dry biomass to biochar plant 0,00/ 0000000 ks L Met consurnption without investment 41520 000,00| 320 000,00 Mwh
‘wiet biomnass ta biochar plant 0001 0.000000 kots ; Pean pesk power without investment 21931780.82/1 36,53 Mw
Combined heat and power [CHP) 0,00 0,00 k'we é Consurned by P2G 14 377 350,631 109 780,77 kw'h
n Carbon capture plant 0,00/ 0000000 | mol's = Net consumption with investment 56 297 350.63|1 429 750,77 MWh
§ Gasification + water gas shift plant 1157411 0002315 kgls Mean peak power with investment 2943 500.64 1 49.06 MW
2 |Methanation reactor 1548 601,04|| 7278123 molts Produced by REP 0,001 0,00 Mwh
= Electrolyser 8 111965,57]1 B 48357 k' Produced IP 0,001 0,00 kiwh
Dernineralizer 855,621 17112460 rol's g Met production without irvestrment 0.00/1 0,00 kwh
Precipitation collector 1000,000] 1000,00 Consurned by P2G 0,001 -20 307 57 mw'h
Heat exchanger T8 331.61]1 2 378,63 k' Net production with investment 0.00)1 20 307 57 MwWh
Gas compressor station 23 410,741 58,5269 kwe ‘TE‘ z Produced by REP 0,001 0,00 Mwh
Total for processes 12 234 477,96 | = ﬂ Consurned by IP B 777 458,36)| 630,00 kw'h
Dry biomass storage 50 000,00 | 10000,00 kg T g Het consumption without investment 5777 458,.36|| 130,00 Mwh
‘Wt biornass storage 25 000,00(1 10000,00 kg E E Produced by P2G 20 016 307,161 5132386 Mwh
Biochar storage 7 500,001 1000,00 kg 2 2 Net consumptlion with investment -15 480 607,161 -39 693.86 MWh
Biogas storage oo 0,00 kg ater Water from the grid consurned by P2G 16584611 9742 ™
E Hydrogen storage tank 0,001 0,00 kg Collected precipitation consumed by P26 Hall 913,00
E DOxyigen storage tank 0001 0.00 kg w Dry biornass bought 831131571 3630,00/¢
@ |Methane storage tark oo 0,00 kg =] E Wet biomass bought 200955,12(1 3ER0,00/t
Syngas storage tank 0,001 0,00 kg E % Biochar bought 0,001 0,00t
Carbon dioxide storage tank 0001 0.00 kg £ Total cost of input materials 1082 086.68|1
“Water storage tank oo 0,00 m* Hydrogen sold [in bottles) 3650 000,001 365,000t
Total for storages 82 500,001 T, |Oxygen sold fin boliss) 36 500,00 | 365,00 t
2 E |Electrical connection 0001 0,00 M 2 & Methame sold [in bottles) 0.00/1 0,00t
E £ |Bas connecton 79 639,461 0,53 Mw 2" [Biochar sold 222 650,001 365,00t
£ E |Water connection 0,00/ 11 mth Total revenue from additional sales 3 909 150.00)1
EE Total fFor connections 79 689.46 |1 Residue from dry anaerobic digester 0.00/1 109,50
Total investment 12 396 667,42 1 B Residue from wet anaerobic digester 0,00(1 47ROt
Payoff period £ Tar from gasification + waler gas shift plant 0,001 7301t
& CO2emitted 0.00[1 0,00/t
Total cost of residues 0.00)1

Total operational cost without invest 49 889 239,181
Total operational cost with investmen 40 948 765.41)1
Savings with introduction of P2G 8940 473,781

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).

l investment specifications Operational costs for selected period

Element Cost Size Cost Amount
Drry anaerobic digestor 1215 277.78)1 0115741 ks Produced by FEP 560 750,00(1 690000 Miwh
‘Wt anaerobic digestor 1210 277,781 0,115741 kg's ﬁ Consumed by 1P 0,00/ 0,00 bk
Dry biornass ta biochar plant 0,001 0000000 kg's z et consurnplion without investrnent 580 780,001 -6:900.00 bl
‘Wet biornass to biochar plant 0,00/1 0,000000 ko's % Mean peak power without investrnent 0,00/1 0,00 b
Combined heat and power [CHF) 0,001 0,00 k'w'e g Consumed by P2G 14 589 958,161 M 373,73 Mwh
® Carbon capture plant 0,001 0000000 rol's u% Net consumption with investment 13 686 058,16 1 104 473.73 Mwh
# | Gasification + water gas shift plant 1167411 0002315 kg's Mean peak power with investment 761949631 12,70 MW
2 |Methanation reactor 154E 601,041 7278123 mall= Produced by FEP 0,001 0.00] kb
® |Electrolyser 87111965,97 1 489,57 k'w Produced IP 0,001 0,00 Mk
Dernineralizer 1033.86)1 20,677210| mol's E Met production without investrment 0,001 0.00 Mwh
Precipitation collectar 1000.00(1 1000,00|m® Consumed by P2G 0,001 -20 307 57 | hwh
Heat exchanger 118 931.81|1 237863 | kW Net production with investment 0,001 20 307,57 Mwh
Gas cornpressar station 97 518.43]1 2437961 k'we T2 Produced by FEP 0,001 0.00] kb
Total for processes 12 308 763.88 1 E g Consurned by IP 0,00/1 0,00 bk
Cry biomass storage 50 000,001 10 000,00 kg E ﬁ Net consumption without investrent 0,001 0.00 Mwh
Wet biornass storage 25000,00)1 10000.00] kg E £ Produced by P2G 20008 524,141 5132386 b\Wwh
Biochar storage 7 500,001 1000,00 kg 0 2 |Net consumption with investment -20 008 824,14 |1 -b1323.86 Mwh
Biogas storage 0,001 0.00/ kg \water ‘Wwater frarn the grid consurmed by P2G 15 584611 916742 m*
ﬁ Hudrogen storage tank 0,00/1 0,00/ kg Callected precipitation consurmed by P2G rall 819,00 m*
%‘ DOxwgen storage tank 0,001 0,00/ kg " Cry biomass bought 394 260,861 3ER0.00
@ | Methane storage tank 0,001 0.00 kg ] -% ‘wet biornass bought 207 574,031 3E60.00t
Sungas storage tank 0,001 0,00/ kg E ¥ | Biochar bought 0,00/ 0,00t
Carbon dioxide storage tank, 0,001 0,00/ ka = Total cost of input materials 601834.901
W ater storage tank 435,061 45,01/ m* Hudrogen sold [in batles) 3650 000,001 365,00/t
Total For storages 82 995.06 1 T Oxygen sold [in bottles) 36 500.00)1 365,00 ¢
g E |Electrical connection 1332 832,041 8,59 hdtad % ﬁ rethare sold (in botles) 0,001 0,00t
B E Gas connection 16 756 531.34]1 5,86/ bW 2 Biochar sold 222 650,00/1 365,00(t
E = |Water connection 0001 134/ mth Total revenue from additional sales 3909 150,00 1
S & |Total for connections 18 D89 423.381 Residue from dry anaerobic digester 0,00(1 10350t
Total investment 30 481182.32 1 1] Residue from wet anaerobic digester 0,001 54750 ¢
Payoff period 9,33 |years % Tar From gasification + water gas shift plant 0.00/1 7300t
& |COZemitted 0,00)1 000t
Total cost of residues 0.001

Total operational cost without investm -580 750,001
Total operational cost with investmen| -8 852 546.84 |1
Savings with introduction of P2G 8 271796.84 1

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).

Investment specifications
Element Cost Size Cost Amount
Dry anaerobic digestar 1215 277.78)1 0,15741|ko's Produced by REP 0,00 0,00/ Mwih
‘et anaerobic digestor 1215 277.78)1 0,15741|ko's ] Consumed by IP 0,00 0,00/ Mwih
Dry biornass to biochar plant 0,001 0,000000| ko's % et consumption withaut investrment 0,00 0,00/ Mwih
‘et biomass to biochar plant 0,001 0,000000| ko's 5 hean peak power without investrment 0,00 0,00 bt
Cornbined heat and power [CHP] 0,00(1 0,00 kiwe £ |Consumed by P26 14 377 380,63 | 109 750,77 | Miwh
a Carbon capture plant 0,001 0,000000| molts 2 Net consumplion with investment 14 377 350,631 109 750,77 Mwh
@ [Gasification + water gas shift plant 1157411 0,002315 | ko's Mean peak power with investment 751719.02 1 12,53 Mw
2 Methanation reactor 1546 601,041 7278123 | molfs Produced by REP 0,00 0,00 bwih
= Electralyzer 8111 965,97 1 E 489,57 | kiw = Produced IP 0,00 0,00 bwih
Dernineralizer 844,94 | 16,898768 | roltz & Met production without investrnent 0,00 0,00 bwih
Precipitation collector 1000001 1000,00| m* Consumed by P2G 0,001 -20 307 57| Mwh
Heat exchanger 1B 331611 2 37863 kw Net production with investment 0,00 1 20 307 57 Mwh
Gas compressor station 23410741 58,5263 k'we TE Produced by REP 0,001 0,00 bk
Total for pre 12 234 467,27 1 E o |Consurmed by IP 0,001 0,00 bk
Dry biomass storage 50 000,00(1 10000,00| kg E "E et consumption withaut investrment 0,001 0,00/ Mk
‘wet biomass storage 25 000,001 10000,00 kg E £ Produced by P2G 20076 307,96 | 51323.88 Mwh
Biochar starage 75000001 1000,00 kg @ £ |Met consumplion with investment -20 016 307,161 -51323.86 Mwh
Biogas starage 0,001 0,00 kg Water ‘water from the grid consurmed by P2G BE34E11 91B7.42 m*
2 | Hydrogen storage tank 0.00/1 0.00 kg Callected precipitation consurmed by P2G all §19.00|m*
g’o Oxygen starage tank 0.00/1 0.00 kg » |Dry biomass bought 389 14,631 3 650,00t
@ Methane storage tank 0.00/1 0.00 kg = -% ‘wet biorass bought 208 880,44 | 3 650,00t
Syngas storage tank 0.00/1 0.00 kg 1= ‘E Biochar bought 0.00/] 000t
Carbon dioxide storage tank 0.00/1 0.00 kg Total cost of input materials 597 995,06 |
W ater storage tank 3671 10.33|m* Hudrogen sold [in bottles) 3650 000,001 365.00(t
Total fFor storages 82 613,67 1 T, Oxpgen sold [in bottles) 36 500,001 365.00(t
£ E Electrical connection 3305683551 12,53 Mw £ £ Methane sold [in bottles) 0.00/] 000t
E £ |Gas connection 33461774.83)1 5,86 bW § " | Biochar sold 222 650,00 | 365,00/t
£ E’ W ater connection 0001 10| m'th Total revenue From additional sales 3 903 150,00 1
£ & Total for connections 36 766 858.78 1 Fesidue from dry anaerobic digester 0,001 10950/t
Total investment 49 083 939.711 z Fesidue from wet anaerobic digester 0,001 547,50/t
Payoff period | 12.06 lyears g Tar from gasification + water gas shift plan 0,001 7500
#  |CO2 emitted 0,001 0,00/t
Total cost of residues 0,001
Total operational cost without investh 0,00 1
Total operational cost with investmer -8 182 807.84 |
Sarings with introduction of P2G 8 182 807.84 1

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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