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version 1

1. METHODOLOGY

Infrastructure and Biomass database 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 can be started.

2. CASE STUDIES

The case studies were conducted using data related to biomass and infrastructure
from all over the country by combining biomass depots and energy infrastructure
elements from nearby counties that correspond to both national historical regions and
administrative development regions.

The main regions targeted were Moldova, which corresponds to the North East
Development Region; Muntenia South Development Region; Transylvania Central
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Development Region but also the Oltenia Region or the western part of the country,
the Banat and Crisana regions.

There were also some exceptional cases where elements from the counties of Calarasi
and Constanta were chosen, which are not part of the same region but have a very
good connectivity in terms of road, rail and water navigation being neighboring.

2.1 SUMMARY

For each one of cases studies (IP, REP and GF), variations of methane prices and
subsidies are considered. In the Table 1, case summaries are given:

Table 1. Simulation cases

Conservative prices of methane Higher prices of methane
No increase No increase No increase 10x winter 10x winter 15x winter
No increase No increase No increase 5x summer 5x summer 10x summer
IP REP GF IP REP GF
No No No No No Periodic Periodic
subsidy production, production production production production 2 | production ®
Fig. 1 Fig. 2 Fig. 3 Fig. 4 Fig. 5 Fig. 6
Subsidy of | No No No Periodic Continuous | Continuous
50 % production production production production production production ®
Fig. 7 Fig. 8 Fig. 9 Fig. 10 Fig. 11 Fig. 12

@ simulation for period of O1 January to 30 June

b simulation for period of 01 February to 31 May

2.2 RESULTS WITHOUT SUBSIDIES

Figure 1 shows an investment of almost 58 million euros, with a pay-off period of 20
years while savings amount to 33.7 million euros. The values 0 in the case of the "Net
production without investment"” tab mean that no consumption is recorded.
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Investment specifications Operational costs for selected period

Uement Price Sae Price Amog
Cry anaernbic gigestes 005178783 C Q258752 wg/s Proguced by #EP am¢ 0.00 MW
Wet anserobic dipestor 2025026687 ¢ 1034713 tgls > |Consumed by IF prof ok koK S 58340 00 MWN
Dey Blamass to bsochar plant 0Lo< 0000000 wy/is E NET CONSIMETIOn Without iNvestment 126013080 ¢ $8.540.00 MWH
Wet biomass to baocher plant | 000 ¢ 0000000 bgi's 3 Fesk power without imeestment ! 174854 € | 17142032 kW
Biogas sepasntor 353728130 ¢ 0020808 ay's i Consumed by 726 &3 21043205 € 35 07530 MW
Gasificoton « water pas shift plan 1827729 ¢ 0138277 spfs - Met consumption with wwestment ! L1707 08 € | JAGA 20 MW
; Combined heat sod power {THP) 1156428970 € 1652041 s Peak power with 105610 € £ 553.04 kW
;:" Carbon cagrure plant | 020¢ 0.000000 mol/'s Proouced by RtP 200 ¢ | 0.00 MWh
Eisasoiysel 267156537 ¢ 105863 AW Froducea (P (R S SE9.42000 MWh
Demsaneraiger | W75 C R 07T mol/s E Net procszion without Invessmens m e | 33542000 MWh
Precipitation colbecor 200000 ¢ 1,000.00 m' Consumed by 723 000 < 117.377.75 MW
Methanation resctor | AW ¢ LIMATTS- molfs Net procuction with insestment 20 € 00797 7% MWn
Hoat exchanger 14365080 € 163850460 AW Produced by REP 000'¢C 000 MWN
Totad for processes S7.504435.25 € 3 Consumed by IP _6,104,800,13000 € ! 3,402,301 00 MWn
Dry Diomass stomge 000¢C L0000 iy -3 MET CONSUMPTION witHOUT i NeeStment €104 500,130.00 € 5402 301 20 MWH
Wet blomass Romge | 020 ¢ 0.0000 g ; Froduced by 526G WMt | 8.057.02 MW
Biochar siorage DNewK lpdesa y Net conoomprion with wwestment €004 35552338 ¢ 5353 343 88 MW
§ Waser stornge fank | WK< 10301115 mol Water |Water consuwed by 726 230758 € 743734 m"
: Cuygen stocage tank 5358 ¢ 132 2065 mal . Dry biomass bougne 119621071 € 357685t
4 Hyckogen storage tank | 000 ¢ 0.0200_ mai g Wet blomass Dought ! £32.00000 € ! 00000
Carbon diceide stompe tank 3338¢ 412408 mol & Siochat boughe 200 ¢ 0.00 ¢
Methane storape tank | 000 C 00000 mal ¢ |Sooher soid ! e | 000t
Total for storages ITRIAS € g' Hydicgen scia o ¢ [3+ 113
£ E Diearicsl connection | 00¢ 000 MW el COQ emitreg S3.E1P 02918 € LE76. 380583 17 by
T E Gas tonneon 000 ¢ 0200 MW Teeal ional cost withoet | 6222, 206.293.00 €
5 < Water connection | 13c 23 m'in Tatal operationsl cost with iwvestment 41916258439 €
© * youfor 183 € Savings with introduction of P26 31750.449.11 €
Total imvestment L STasanan ¢
Payoff pefiod 2000 yean
Clear resulty

Fig. 1 Results for IP with conservative prices of methane and no subsidy

In the case of Figure 2 P2G hub is not economically viable for such set of parameters.
Therefore, payoff period is not applicable. All this time the negative value of the "Net
Consumption without investment" indicator means that there are positive values of
production.
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Investment specifications Operational costs for selected period
Dlement Prce Sae Prce Amosmt

Dry annerodic digester | Qoo | [ ooomo;um Poduced by REP 1 6553 857 451( | 13 omm»uwn
Wt snaercoic digestor | 0o0j¢ 0.000000 | kg/s > Consumed by!P ! oooc | 200/ MWn
Dty tiomass 10 biocher plant | owiec 0000000 hgfy E Net consumption mthout iovestment  -6353385745¢ 13000 00 Wrwh
[WetDiomass 10 bicdhae plant | opoc 0.000000 kgis <) Pean power without invesament 0g0¢ | 000 W
|Biogas separator | oo 0000000  kg/s § Consumed by P26 | 000 | _R00 MWh
Ganification « water pas shdft plan 000 c 0200020 | eg/s - Net tansssption wth invwstment S555 08745 ¢ 15,000 00 Wwh
gt | i\ : ania ] - : . } ! s ol L
§ Combined heat and powes {OF) | 000¢ 0000000 kg/s Peat power with iswesonent 0.00:¢ D00 AW
£ Larbon capture piant | oot | £.000000 mol/s Produced by RLP i oooie | 4.000.00 Wah
‘Elecuolyser | om'c 000 kW Produced iP 0co¢ | 0.00 Mrwh
Demineralizer | omoiE 0.000000 moilfs £ MNetprocuction without inwestment ! o | 400000 MTWH
[Pretipantion collector | 000 ¢ 000w’ Consumed by #26 | 000¢ | 000, Mwh
Methanation reanor | ooc 002020 moi/s Net procuction wlan 000/ 4.000.00 Mwh
|Heat exchanger | 000l 0.0000 kW Produced by REP 1 0ooe | 0.00, MWh
Tatal for processes 000 ¢ g Consumad by (P | aoe | 0.00 Mrwh
|Dry biomass storage | oo 0.0000 kg g Net consmpsion without irvestment aoole | 0.0/ MWh
|Wet blomass storge | omle 70000, kg Produced by 725 | oo0e | 200 MWh
|Buochiat stonnge | ooo¢ | 00000 ey Nt tonsaspeion with (nvestment 000/¢ 000 Wk
§ |Water storage tank | 000/¢ 0.0000 mod Water Wacer congumed by P2G 000¢ D00 m'
5 |Owgen storage tank | LU Il S 0.00%0 =i » DryBbiommass bougte 1 0poie | oL0t
F Hydiogen SUOVmge tank | oDoic 00000 mol E Wet biomass Dought 000 | o0t
|Carbon dicwide storage tani | ooic 0.0000| mot Blodhar boughe oooe 000t
Methane storage taok | ooole 00000 moi i Brochar soid | acoie | 600t
Tecal for saorages 000 € &  Hpdogen solo ooo¢c | 200t
§ £ Elecricsl connection ! ooes 0.00 MW °  o2emmes 000¢ 000/xg
T £ |Gas connection | opole | 0.00 W Total ional et witheut & | B555A57A5 €
§ _: Water connection | oo 000 m'm Total operational (o5t with mvestment 655385745 €
Tatal for cosnections 000 ¢ Savings with imtroguction of P20 000 €
Tetal imvestment | 000 ¢
Payot! period L] |pears o S

Fig. 2 Results for REP with conservative prices of methane and no subsidy
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Investmant specifications Opaerational costs for selected pariod

Element Price Size Price Arrount
Dry anaerobic digestor Qmc 0.000000 kg/s Procuced bty REF 020g 000 MWH
Wet anserobic digestor | me 0000000 kg/s > | Consumed by # gcoc | 000 Mwn
Dry Dicrmass 1o BIOChN plaet 200 ¢ 0000000 kgfs g Nat COrSumpLon withou! Invesiment 000 ¢ 000 MWn
Wet Diomass 1o beochar plant 200 ¢ 0.000000 kg/s B |Feak power without investment 080 ¢ 000 kw
Be0gas separsior | om0 C ! 0000000 kg/s é’ Consumed by P2G 000 ¢ | 0.00 MWh
Guailicanion « water gas snifepian soc 0000000 apis - MOt COrdumpian with ssatment 000:¢ 000 MWn
M 1 !
§ Combined heat and power [CHF) LR AR 4 0.000000 kg/s Feak power wah Investment 000 000 kW
£ Catbon capowre plar | 000 ¢ 0.000000 =ot/s Procuced by REF 000.c | 0.00/MWh
Elmctrolymes | Lm0« 000 xW Procuced P 000 ¢ | 000 Mwn
emineralizer 200 ¢ moljs Net producion without nvestment wn
D 00 2.000000 3 0fo¢ 000 |M
Frecipitation tolbector | owme 000, =" Consumed by FIG oRoic | 0.00/MWn
Mahanstion resctor | bm e 0003000 =0ty Net peodurian with insestment 000 ¢ 000/ MWH
Heat exchanget 20t 0.0000 kW Procuced by REF 000 ¢ 0.00 MWn
Tatal for processes .00 € g Cansumed oy ¥ 000i€ | 0.00/MwWn
Doy bicmans stoiage | ‘e 00000 xe i Net corsumption without imvestment 000 ¢ | 000 Mwn
We: Diomass szorage 0o ¢ 0.0000 kg = Proouces by P2G 000 ¢ 000 MWh
Biochar storage | 000 € ! 0.0000( kg Net corsumption with investment 000¢ 000 MWn
2 Weter siorage tark | L 00000 mo! Water | Water consumad by P26 0s0(¢ 000 m"
g' Ownggen storage tank et 0.0000 mot = Ory biomass bought 000 < 00dt
“ Mydrogen storape tank | LA % S G.0000 mol ; Wet biomass bought oRoie | 000t
Carbon dioxide stormge 1ank | om ¢ 00000 =o ~_ | Biochar bought 020.¢ 000
Metrane stocage tank 00 c 00000 mot 3 Biochar soid 020 ¢ 0Dax
Tatal for seorages 0.00 € £ |Myorogen soi ogoic | 000l
g £ Electrical connection | Mt | 000 MW = lcol emimed o¢ 000 kg
S § Gas connecion ol ¢ 000 MW Toual al couT without & 000 €
i ¥ werer connecion 2t 0.00|m'Mn Total operational cost with lmvestment 000 €
33 ! oper; )\
© Total fer comertion 00 ¢ Sevings with istrduction of P20 040 ¢
Total iovestment oM €

Payot! period nfa yeors
Ol revums

Fig. 3 Results for GF with conservative prices of methane and no subsidy

As will be the other cases regarding Greenfield type investments, regardless of the price
of the gas or the possible subsidy granted, it can be perceived that P2G hubs is not as
economically viable as Greenfield investments.

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



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

)

(0)

:”Interreg

FUROPEAN Urecos

Danube Transnational Programme

DanuP-2-Gas

Investment specifications

Operational costs for selected period

Llemmnt Price Sar Price Asmoernt

Dry anaecobic digestor 466l 3Ma2¢ 0221969 ag/s Produced by REP 200 ¢ 000 MWn

Wet sraerobic digestor $1.75844502 ¢ 087922 epfs > Consumed by IP 1DANHINC $02.458 00 MwWn

Dy DIOMASS 20 DeOShar plant | 000 ¢ 0.000000 a3/ f NET CONSLMPTION WiTNOWT (Nvestment 12747599795 € 102 45300 MWN
S

Wet beommaas to brocher plant | co0¢ 0000000 &g/ 3 Pest power without wvestment 18100718 € 17824232 xW

Biogas separator 850791358 € 0332818 W/s § {Consumea by P2G 283377 € -18 005 312 MW

. -Gesitication + water gus shi%t pieny 1,046,581 88/ 1040582 tg/s = INet consmption with mvestment 01,697, 742.97 € BOASI A8 MW

%" Combined heat and power (HP) B0GE9I5C 2228576 ag/fs Peal power with investment 383937 m ¢ 266,508 52 kW

£ Carvon capture piant | 0cale 2000000, mol's Produced by $£P 000 ¢ .00 MWh
Bleciciyset dass0pitazc 379500 W ¥ Produced IF St 647 571 00 MW
Deminergicer THRAZ T C I9.004774 mol's ,"' Net proguction without Investmers 000 C 64757100 MW
Precipitation colhecsor 200000 ¢ 31,000.00 ™ Consumed by #2G cotc 153,499.13 MW
Methanarion reactor 1898935235 ¢ 38 Q28770 molf's Net procuction with ivestment Q00 ¢ 80107015 MWn
Heat excharge! 201452356 € 20,145 2365 W Produced by #EP R R 4 000 MW
Totad for processes 136.242.33708 € E (Consumed by IP TAMSN TN C 3809 514 00 WWn
Dy Diomass sicfage o3 O 4 Q.0000 a5 i NEt CONSUMPLION without (Nvesteent TAXSNTHRTC 580991400 MWN
Wet biomass storage 1038523859 € Z11737.793G &3 |Produced by P2G e e 14474 50 NWn
Biochar s1erage 13130609 € 83003733 g Nt Lonsumetion with 730180345492 C 5 705 439 40 MWh

g Water storage tank miac1c §.833,700.5340, moi Water Water consumed by P26 D072 € 241577 m"

5 Duwygen storage 1ank 00 ¢ 2.0000; o Ory bicmass bought &00000 ¢ TL0000

3 “

* hyorogen storape tank 21 559.89936/C 12,705,523.5086; mol 3 Wet biomass bought 313875000 € BAS0000 1
Carton diguide storage tan 238847587 ¢ 1930504 8354 st = Soonad Bought (4R 0200y
Methane storage tari | 0o < ©.0000; ™ot 2 |Blocher sold CACR 000t
Totsl fos suwages J6A97584.92 4 § Hpdiogen sold e 000y

f € Decres! connection | 000/C 0.00 MW < CO2 emvtted 114,551,643 € 225103892258 .,z
=1 E Gas connection 0oo¢ 000 W Tetal op L cost withoe i ! 1564, 18854058 ¢
§ < Water connection | 515¢ 157m'n Total operstional cost with lnvestment 7.501,133,632.07 €
T " Yot for conmection 5.15 ¢ Sevings with introdection of #2G SLO3K0L).51 €
Toto! lsvestment 162.719.927.06 €
Payol! period 2000 yeans

Cear results

Fig. 4 Results for IP with higher prices of methane and no subsidy

In the case of industrial plants, the scenario that predicts a higher cost of gas causes the
investment with a pay-off period of 20 years to increase while savings and operating
costs decrease. Even so, owning one is still beyond the reach of the average person.
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Elemen Price Sae Price Acoount
Dry anaerobic digestor | 000 € 0.000000 Ag/s Produced by AEF | asaamsssc | 300000 MWR
Wet snaerobic digessor | om¢ 0.000000 kg's > Consumec by P | oooic | 0.00 MW
Dry DiSmass 10 Bahar plam ] 200 ¢ 2000000 /s E N CONSUsDUOn withou Investment | 53728595 ¢ | 2,000 00 MWH
Wet dlomass to blochar plaat 200 ¢ 0000000 3g/s E Paak power without Itwestment 000 002 kW
Biogas separstor | D00 .000000 kg/s § Consumed by P26 | 000g | 0.00/MWR
Gaslication « water gus shift pian oo ¢ £.000000 vy = Net tonsusgption with investment | ASS9sC | -9.000 00 Mwn
g Camiined heat and power (CHP) poe g £ 000000 1g/s Peat power with investment 000¢ 000 kW
I Carboncapuoce plane | 000 £.000000, mot/s Producea by REF | gooc | 002 MWH
tlectrolyser | 000 ¢ 000 W Produced P | ogole | 0.00 MWH
Deminerslizer 0od¢ 0200000 mal/s E Net production without investment | 000 ¢ | 0.00 MW
Frecipitatian coliecor 000 ¢C c.00 m' Consumed by P2G 000 ¢ 000 MWn
Methanation resctor ! 0.00C ©.900000 mol/s Net procuction with investment 000:C 0.00 MW
Hest exchanget | e 00000 vwW Produced by REP | 000¢ | 000 Mwn
Tatal fer pi 0.00 € a Consumed by P a00:¢ 000 MWn
Dry biomass storage a0¢ 0.0000 i3 § Net consumprion withouw: investment 000K 0.00 MWN
Wet Diomass siorage | omC 0.0000 g Produced by 726 | 000¢ | 0.00 MWh
Biocna porage | om¢ G.0000 \g Net Lonsusetion with (rvediment 000¢ 000 MWwn
5 Water storage tank 200 g 2.0000 mol Water Wase( consumed by F2G 000 ¢ 0D m'
5 Owpgen storage tack | e 0.9000, mol » Drybiomass bought | 000:< | 000t
" Hytrogen stormge tank | o0oC 0 000C mol E Wes biomass bought | 000¢ | 000t
Carbon diowide STormge TANK | 200 ¢ 2.0000 moi - Biodhar bougnt 000.< 000t
Methane storage tank oot £.0000_ mol g Blochersold | ooo< | 005t
Tatal for seorages 000 € E‘ Mydrogen soid | 0o0ic | 000t
£ 5 Elecrricnl connection | oo ¢ 000 Mw ¢ 002 eitted 0c0¢ 000 kg
£ § Gasconnecion 200¢ .00 MW Total [rep— 4,537,28593 ¢
H :i Water connection | o0 0.00 m'/h Total operational cost with investment | ASI7.28583 €
= ¥ Yotal for comectiom 0.00 ¢ Savings with trodsr tine of 220 000 ¢
Total iwestment 00 €

Payat! period nfa yean
Ower ety

Fig. 5 Results for REP with higher prices of methane and no subsidy

The higher gas price in this scenario (Renewable power plant with high gas price) makes
the values of electricity produced but also net consumption with or without investment
also decrease. The same decrease is registered for the Operational Costs with or without
investment.
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Investment specifications Operational costs for selected period

Elemest Price Size Price Amount
Dry anserobic digesior | 0o 0.000000; kg/s Produced by REP | R R | 0.00'MWh
Wet sraerobic digestor | oo c 0000000 kg/y - Comumads by IP | G0 € | 0.00 MWn
Dyy Beomass to biochar piant ame 0.000000 | kg/'s z NET LONSImption without inrresomern DR 0200 MW
Wet biomass to Diochar péant oot 0000000 kg/s 7 Peat power without Investment | gt 0.00 kW
Sicges sepatator 20 C 0000000 hg/s % Consumes by P26 | e | 000 Mwn
2 Gasificaton « water gas shify plan ooe e 0000000 kg/s “ NET LansuUsSTIan with investment cwoe 000 MwWn
% Combinad heat and powser (THP) 200 ¢ 0000000 wg/s Pest power with invesomeans 000 £ 000 kW
E Carton cagture plant | 208 e 0000000 mol/s Produced by REP | clee 000 MW
ShecuchEer oooc 000 kW Producea P e e 0.00 MW
Deminesalizet 000 ¢ 0.000000 mods 3 Net procuction wiThout investment | LEE S 0.00/ MWh
Frecipitation collerior | 000 ¢ 000/m Consumec by P26 | o ¢ | 0.00 Mwn
Methanation feactor aoe g 0.000000 mod/s Net prociuction wan investment 000 € D00 MW
Heax exchanger noec 00000 kW Produced by REP | QW0 ¢ | 0.00 MW
Tote for proceves 000 ¢ H Consumed by IP | e | 0.00'rIWn
Dry blomass storaje a0t 0.0000 kg £ NET CONSOMOTIon mthout ifvestesent coag D08 MWn
Wet biomass storage 200¢ 0.0000 kg g Produced by P26 | DR 4 0200 MWn
Biochar storage | om e 00000 kg Het tonsumption with investment oot 0.00 Mwn
g | Water stoeage tank so¢ 0.6000| mo! water Water consumed by P20 oLe L 2.00.m
g Cwygen storage tand Rk 4 1.0000 moi w Dtyblomass bought | coe 0.00't
= Hydrogen storage tank | e 0 0000 mon 3 Wet Sicmess bought | cw«e | 000t
Carvon dioside storage Tank am ¢ 0.0000 me " Bsoches bought 600 € 000t
Methane storage 1ank e c 0.0000 moi y | Boonersoid | 000 € 000t
Totet tor stveges om ¢« & Hydrogen soid | e | 000t
£3 Ehecurical CONNBCLION (R 000 MW = 002 emitted RECURS 000 kg
v:1 § Gas connection 000 ¢ 0.00| MW Total op cost without 000 €
E 2 |Water connection | 000 ¢ 0.00 m’/n Total operationsl cont with investment | 0.00 ¢
“ " Yot for P 0m € Savings with introuctios of PIG 0.00 €
Totad lavestment 0.0 €

Payoll period nfe yeony
Olees resues

Fig. 6 Results for GF with higher prices of methane and no subsidy

For the Greenfield investment it is the same case as figure 3 — it is not viable.

2.3 RESULTS WITH SUBSIDIES

In Figures 7 to 12, results for the cases with subsidies are depicted. Although subsidies
are considered, with conservative prices of methane there is no economical reason of
any investment in biomethane production as it is shown in Figures 7 to 9.
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Investment specifications Operational costs for selected period

Clement Price Size Price Amaust
Dry anantobic Sgestor | J06E2110771¢ 1960818 wy/s Woduced by REP | 020¢ 000 MW
[WeT anaercbic oigestor | B2 10875/C 0828311 hg/s > Consumed by i¥ | s3nIsEle 7,500.00 MW
Ory bigmass 10 biochar plant | o ¢ 0000000 kg/s g Net consumption witheut (nvessmenn 301 53580¢ 7,500 00 MWh
Wet biomass 1o biochar piant 000'c 0.000000 kg/s B Fest power without mwestment 3mac 1304747 kW
Siogas separator L Amsae23TIC { 0545781 \g/'s E Consymed by P2G L 3s1sase AN C ! 12143 58 MW
(Gasificanon » wates §as shift plan 3551053 /€ 1051021 wy/s - Net LORSUMPLicn with wvwestment 374248113 35 653 98 MWh
g Combined hest and power (C1F) |~ 6,35198901¢ 18262383 )y/s Pest power with investment 33077330 ¢ 33311290 kW
s Caien capture plam anoc 0.000000 mai/s Peoduced by REP cooic 000 MWn
Electrolysar | 1192601375 € 352081 kW Produced IP | 000'¢ £12.479.00 MWh
|Oaminarelizer | 435932331¢ 43782330 maotfy 2 Net production without investment 000 ¢ 3247900 MW
Precipitation collecior | 100000 € 100000 m' Consumed by P2G 00 126 038 58 MWh
Methansticn resctor L A13T0As 0 ¢ 15 SE1807 mol/s Net produttion with ivsestment 00 ¢ 051354 Mwh
Heat eschanges 83848627 ¢ £7 1893253 \W Produced by REP 020 < 0.00 MWwn
Tatal for processey 3507532637 € g Consumed by ¥ L 3,470.445.000 00 4541120 00 MWh
|Dry blemass steeage 54237887 ¢ 1CB RIS TT4E )y i NEt CORSUMPLION WItHOUT investment 547085560000 € 4 841 120 00 MWn
Wes Dlomass storage ! 11683836'C _AB5T53828 g Produced by F2G | 602244004 € ! 12223550 MWn
ELntn Aternge 65830256 /¢ 87 78S 6877 0y Nt LONtumption with wvestment 533233003019 ¢ 4 TR 834 10 MW
i |Water stovage 1ank | JEeNG3E ¢ 7,670,057 7261 mol Warer |Warer consumed by 26 262587 € 2675063 m’
& | Omgen storage tent | TARARC 99,444 4207 mol w  Orvhlomess Sought | 137700000 ¢ $550000 ¢
9 |Hyticgen storage tank 115088476 ¢ 1,401 040 8312 mol § Wes biomass pought 4500000 ¢ 1700000/t
Catbon dionde storsge tank | 052 ¢ 00513 mol Biochar bought 0o oot
Methane storage rank 0o0c 00000 mol o Blomarsole 0d0< 000t
Tatal for storages L556.684.52 € § Mydrogen soid | 000 | 000t
5 i Electrical connection | 0% 000 MW 02 amuttea 9141830870 € 1 B2E 356 173 04 iy
¥ E‘ 'Gas connection | 0ooe 000 MW Tetal op cost withowr 547381024403 €
£ 3 |Watar connaction | 2850¢ 285 m'/n Tetal oper ationa! cost with imvebmest | SA8350101044 ¢
~ * |Teeal ter connections 235 € Savings with ineroductioe of P2G 1622843319 €
Total iwestment 60015795 €

Payaf! period 2000 years
Clear tesuis

Fig. 7 Results for IP with conservative prices of methane and subsidy of 50%

In the scenario in which normal gas costs are stipulated, to which is added a subsidy of
50%, the Industrial Plant type investment is very profitable, the values being almost 10
times higher than in the case of figure 1.
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Investment specification Operational costs for selected period

Esment Price Sirs Price Asvount
Dry anaerobic digestot o000¢ 0.000000 kg/s Froduced by REP £03803750 € 12,000 00 MWn
Wet snaerobic digeszor | 000 ¢ | 0.000000 kg/s > | Consumed by IF | 000C | 0.00 MWn
Dry bicmass o Biocher plant | 000/¢€ | 0000000 hg/s g Net cONUMpEtion MAhout ineestment | AL3K03750/¢C | -12.000 00 | MWn
Wt Diomass 1o iochar piant 000 ¢ 0000000 kg/s = Frak power withoat investment onac 000 kW
Blogas separator 000¢ 0.000000 kg/s § Consumed by 226G 000¢ | 0.00, MWn
Gazitication + water gas shift plan 000 ¢ | 0.000000 | kg/s = |Netcontumption with Investment . -&U38037350.C | -12.000.00 MWn
g Camdined hast and power (CHP) | 000 € | 0000200 kg/s PRak DOWRT With iTenstameri 000¢ 000 kW
£ |Carbco capture plane 000i¢ £.000000 | mi/'s Froduzed by SEF ooje £000.00 MW
Elecroiyser | 000 000 kW Produced 1P | 00 ¢ | 0.00 MWn
Demineralizer | opoc | 0 000000 moi/s g Net production withaut imvestment | oooie | 100000 MWn
Precipnation colienos 000 ¢ 000im Consumed by 926 00aic | 000 MWn
Methanation reactor 000 0.000000 mod/'s Net groduction with investment 000c £,000.00 MWnN
Meat exchanges | ooolc | 0.0000 kW Produted by RLP | -13ssenIssC | 12,000.00 MWn
Total for processes 000 ¢ & | Consumed by IF | acoe | 000 MwWn
Dry Diomass stonge 000 ¢ 00000 kg % NEt CONGLMPTIoN waNoUS Mivestment 195547155 ¢ 10,000.00 MWn
Wet biomass sorage 000¢ 0.0000 kg 2 produced by P26 000¢C 0.00/MWn
Bsochsr stomage | 000¢ | 0.0000 kg Het consumption wth investment 1555471355 ¢ -10.000.00 MWh
g Walne slorige e | ogoc | ooooo‘mc- Water | 'Water contumsed by PIG 000 ¢ 0.00m"
:? Onggen S10rage taok 000 ¢ 0.0000 mod lo Dry iomass nougnt 00 c 000'c
" Mydrogen storage 1ank | gools | 0.0000 med .’_7 Wet blomass Dougre | 000iC | 0oet
Catbon dioxide storege tank | goolc | 00000 mos ~_ | Biochar bought 000/¢ oot
Methana st age tank | aoo¢ 00200 | mo g | Biochar sola | 020¢ | 000
Total ter surages 000 € % Hyarogen sol@ 000 000/t
§ £ Uectrical connection | 000 ¢ | 000 MW 2 co2emites 00 ¢ 0.00'kg
£ £ Gt connestin | osoic | 0.00|MwW Yot fonal cast withoat | | AMNL5E596 ¢
H _5 Water connection 000¢ 000 m'm Totad operational Cast with investment 408256596 €
© " Tetal tor connections 0.00 € Saviegs with Introsuction of P2G 000 €
Tatal mvestment | 000 €

Payal! pecicd i/ .
- e i Ciear resuns

Fig. 8 Results for REP with conservative prices of methane and subsidy of 50%

The 50% grant in the case of REP amortizes the operating costs that are similar to
those in Figure 2 where the scenario does not provide for a grant. There is also a higher
electricity production and a higher consumption than in scenario 5 which translates
into higher production.
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Investment specifications Operational costy for selected pariod

Element Price Size Price Amaunt
Dry anaeronic digestar | o00E | 0.000000 kg/s Procuced by REF | ogoc | 0.00/ MWR
Wet anaerobic digestor | L S 0000000 kp/s > |Consumed ty i ! o0 | 000 /MWh
Dry biomass to biochar plan 200 ¢ 0002000 | xg/s g NOZ CONSUMAPLION without vestment 00 | 000 MWn
Wet biomass 1o biocher plant | e ! 0.000000 kg/s B |Feak power wahout investment 0e0c | 009 kW
Beogas separstor e | 0003000/ xgfs § |Consumed oy P26 | seoic | 0.00 /MW
Gasification « water gas shift olan 00 c 0000000 kg/s = NSt COrSUMpPLION Witk ineeSEmEent 000 ¢ | 000 Mwn
§ Combined heat and power (CHF) | 200¢ | 0.000000| /s Feak power with investment 0g0/¢ 0.00kW
2 Corbon mptwe plars | ave | 0805000 mol/s Produced by REF | ooic | 0.00/MWh
Elecuolyae | pol ¢ 000 kW Procuced 1P coe 000 Mwn
Demineralizer 20t 0.000000 mol/'s 3 Net production without investment 020 ¢ 0.00 MWn
Precipitation collector | 00t | 000w’ Consumed by P2G i 0g0i¢ | 0.00 MW
Methanation reacer | s | 0000020 mor/s Not proguenan with inwestment 000/¢ 000 MWn
Hear eschanger 000 ¢ 0.0000 kW Produced by REP 0o0¢ 000 Mwn
Total for processes 0.00 € i Consumed oy # 1 go0c | 000 MwWn
Dry blomass stomge | S a,\ « | ovmo.-. i Net coraumplian withou! investment o0s0¢ | 000 MWH
We? Diomass stofage 20¢ € 00000\ kg = Frocuced by P2G 000 002 MWn
Blocner storage | pooe | 0.0000 kg et consumption with investment 000/¢ 0.00. MWh
2 |Water sorage tank | emc | 00000 =l Wate:  Water comumed by P2G 0.00.¢ 000!m"
§ Owpgen storage tank Loo¢ 0000 mot w Dty Diomass Bought 020¢ aDaix
" rydrogen storage tank ! 200¢C 0.0000| moi g. Wet biomsss bought i [ S 000t
Carben gioxide stormge k| oo0e | 00000 =cl "~ |siochar bought 000/ ¢ 000'e
Methane stoeage tant 0 c 0.0000 mod - Siochar sold 020 003t
Tatal for saarapes o € 3 Mydrogen soid | oooic | 000t
¢ T Electrical connection 4 20 ! 0.00 mw COZ wmityed 000 ¢ 000 kg
% H Gas connection 200 ¢ 000 MW Tonal op cost witheut 000 €
g Ei Water connection. | s00¢ | 000/ m'/n Tousl opesational cost with investment 000 €
Total for > o« Servings witk ismodwuction of P20 000 €

Total ivestment | o0 €

we ot Clear ratume I

Fig. 9 Results for GF with conservative prices of methane and subsidy of 50%

Greenfield investments — not economically viable.
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Investment specifications Operational costs for selected period

Llernent Price Siar Price Amoent
Dvy anaerodic digestar 15308800 ¢ 2409584 \g/s Produced by REP 000 ¢ CN‘VA"'
Wet snaerolic digestor L AMDIME 0354521 bgls >  {onsumed by IF L A303495. 20548 € | 1062.00000 MWn
Dry Diomass 1o biodhar plant ao0< 0000000 b3/s g Nee o oM WAINOUT if 25654952058 € 2.062,000.90 MWD
Wet biomass to biocharplent | ool | 0000000 bg/s B Peskpowetwithout investmem | JO0ES75C | 338715361 %W
Siogas separanny | zxesENC 2612687 ag/s g Consumed by P26 T1193552184 € 752,514 28 MW
, |Gasifcmion « water gas shift plan 687,547 56 € L375095 hg/s = Netconsumption with Investment L ITEA0TITAIC | 281451928 MWh
E Combinad haut ang power (CHP) 000 ¢ 0000000 bg/'s Frak powet with investnent 10,867 902 63 € 10554 805 50
£ |camon coptre piant | 000¢ 0.000000 mol/s Produced by REP | pooc | 0,00, MWn
Eiectrolyner (AamismNc 3[LAIZ 2 W Produted » oos ¢ | 84757100 Mwn
Demineraiizer L 163311564 €C ! 177170067 mol/s 3 Net groduction without iewestment ! oo ¢ ! 54757100/ WA'D
Precipitation sollwesse | 100000 ¢ 100005 m* Cansumed by P26 | aoe | e A
M2thanstion rescor . 4732576591 € 251235433 mot/s Net production with Investment 00c < T28.573.31 MR
Hast exchange L Aesnse | $0.850 2153 vw Produced by REP | 00 ¢ | 000 Arwh
Toral for processes 59834461648 € ; Consumed by P 13,882 17581803 € | 10345 882 20 WYA'D
Ory biomass storage | 000 00000 g “' Net consumption without ivvestment | 13BX2175 81805 € | 10845 882 20 MW
Wet hiomass stompe 000/¢ 0.0000 bg T proouced by PIG 4105337705 € 553 561 70 MW
Diccher stompe | My RC 1015350104 by Net consumption with Invessmernt 13.000.047,376.92 € 10.257.020.30 AWh
¢ |Water storage rank 17s2e58 ¢ 171,86 513 6548 ‘mol Water  Water consumed by P2G 10692522 € 300,872 65 ='
¥ | ongen storage tank | oo 0,000 mo! » | Drybromass bought | 185400000 ¢ | 76,502,001
¥ nyorogen steenge ek 000ic 0.0000 mot g Wet biomass bougm 705,000.00 € 17500001
Carbon ghoide storage tank | 15917.06616/C 35,817.665.8051 mol Biochar bought 000 ¢ 200/t
Methane sterage tark o< 00000 maf z Biechar soig 00s ¢ Coae
Totat for sssrages IRA05098.42 € £ mdrogen soud | owe | 520/t
£ 3 Elwcrical (ennection | 1860975182 ¢ 8700 MW & {07 emited 000« 000
g ; G35 ConnacTion | oo o Mw Tots opevationsd cost without | 18451.329,950.79 €
g 3 | Water conmection | 15 1152 m'/n Tots cperationst coat with Tvestimem | 16,292,611,932.19 ¢
“ ¥ Tousi for cosnections 156,986,65 € Savings wim katreduction of P26 158 TIR0I860 €
| Total Fmvestment | SA7.916,001.55 €
Payol! pediad 2000 years Voo

Fig. 10 Results for IP with higher prices of methane and subsidy of 50%

Although in the scenario in figure 10 the gas prices are higher, the 50% subsidy makes
this type of investment profitable even more profitable than in the first scenario (Average
gas price and no subsidy)
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I I
Element Price Sire Price Aot
Dry anaercic digestoc 020/¢ 0.000000 W3/s Froduced by REF 311985271 € §,200.00 MWh
Wet snserchic digestor ! cooe | 0 000000 bg/'s >  Corsumed by 1P | L UL S| 000 Mwr
Dry Diomass 1O BEOOhM RIant 020 ¢ | 0000000 by/s 5 Nt LONBUMPCion without irvedtment L Anesanc | 4£,200.00 MWn
We: Diomass 10 biodhar plant 6goic | 2.000000 bg/s ¥ | Pedk power without investment ogoic | 200 kW
Biogas separstor ! gR0ic | 0.000000 k3/s g Conaumed by #26 | - oL S 0.00 MWn
Guaification « watel gas shift plan o0t | 0000000 Mg/s - Net cansumpeion with (nvestment | 313085271 ¢ | 6_zmaolmwr.
g Combined heat and power |CHP)| 080 0.000000 kg/s Pask power with investment a00'¢ 0.00 kW
£ Cobon capture plant 1 000/¢ | 0.000000 maoi)s Produced by RIP | eoic | 000 MWn
Elmcuratyver oo | 002 kW Froduced 1P | sK0e | 0,00 MwWh
Demineralizes 020 ¢ 0.000000 moljs 3 Nt DIOUCTION wiThout ineestment [ UL S 2.00 MWnh
Precipataton collector | ggole | oo m Corsumed by ¥26 | gooe | 0.00 MWh
Methanation reecicr i DRl S | 0000200 molfn Net production with investment 020 ¢ 000 MWh
Heat exchanges 0go< | 0.0000 W Froduced by REF goot | 000 MWN
Tatal for processes 0400 € ; Tonsumed by IP ! DI L S 0.00 MWH
Dry bicmass stotege | 0L0¢ | Q0000 b § e on without | eoc | 000 MW
Wez biamass szonge 000 ¢ 2.0000 b3 = produced by 572G g20'¢ 0.00 MWN
Biochar storage ! ofolc | 9.0000 kg Nt consumprion with investment 040!t 0.00 MWh
g Weter siorage Tank | 0R0¢ | 00000 mot Watnr  Wate: cansumed by MG go0¢ 000 m'
; Owgen storage Tank 020/¢ 0.0000 mot .  Deydiomass bougra 2201€ 205t
7 Mydrogen storage tank { ool | 2.0000 mol §  wetbiomsss boughe | owoe | 0.00 ¢
Carbon dicxide stormpe tant | o0c | 00000 mot — Biochar bought g ¢ 000«
Metrane S1orage tand um'( 0.0000 mot » Biochar soid [t 4 000«
Tatal for storages 020 € a‘ Myxogen solg ! PX< 1 IE SR 000t
g £ blectiicnl connection ! eeoC | 000 MW e 002 emittng go0¢ 000 kg
-_\E £ Gos connection 000 Q.00 MW Yo honal cost witheu! i -3119652.71 €
§ _? Water connection oooe | 0.00/m'/h Total operational cost with ivestment | 311985271 €
" ol fer : 020 ¢ Savings with introguttion of P2G 040 ¢
Total ivestment 000 €

Payort period /s [years 4% I

Fig. 11 Results for REP with higher prices of methane and subsidy of 50%

In the case of REP, the trend is maintained, the 50% subsidy amortizing the values from
the previous scenarios.

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



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

)

((()y\

interreg H

Danube Transnational Programme
DanuP-2-Gas

o — I
investment specifications
Ehement Price Saw Price Aot
Dry anaerobic digestor | 200 ¢ £.000000 kp/s Froduced by REP | LTS | 0.05 MWn
We anaercbic digestor | noe e 0.000000 Ag/s > Consumed by iP | oooic | 002 MWH
Dry biomass to biochar plent | 000 ¢ { ©000000: bg/'s E Net consumption without investment | 000ic | 000 MWn
Wet Dlomass 1o Buochar plaem | oo ¢ ! C.000000 g/y T Pest power without investment | 000ic | 000 kW
BLOgas separator 200 ¢ 0000000 Wg/'s § Consumed by F20 | 000:< 0.02. MwWn
. Gasificazion + water gas shift plan 000C 0000000 kg/'s * Netconsumprion with investment | oooic | 0.00 MWn
7 Combined heat snd power (CH9) | 000c © 000000 kp/'s Pest power with investment 000 ¢ 000 kw
2 Carben coptore plane | 000 ¢ £.000000 mol/s Produced by REF | osoe | 000 Mwn
N Elecrolyser | om< ! 000 vwW - Froduced IP | 0o0c | 000 MWn
‘Demineralizer | oo ¢ ! ©.000000 moi/s 3  Netprocuction withous investment | oooic | 0.00 MW
Pracipaation coliecior | 00% ¢ i Q00 m* Cansumes by P26 | 0oo'c ] 000 MWH
Methanation reactor 200 ¢ £.000000: mol/s Net proouction with if 000:< 000 MWn
Meat eschanger | 000 ¢ { 0.0000 kW Produced by REF | ogoic | 0.00 MWn
Total for p 000 € B [(Conumes by P | oooC | 0.00, MWh
Dty biomass sinrage | oo ¢ 0.0000 1y f Net tonsusgtion witheut investment | ooc | 000 Mwn
Wet Diomass storage | p00C 0.0000 45 = Produced by P26 | oooic | 0.00 MWH
fsochsr storage. | oo € | 0000 g Net consumption with investment ogo'e 0.00 MWn
g Waar iorage tank | e 0.0000 moi Water  Wazet cansumed by PIG 000¢ 000 m'
g Ogen Sioage tank ‘ 0oo'c 0000 mol g Dvblemass bougnt ' 000'¢ 000t
“ mprogen storoge tank ! 000 ¢ ! ©.0000: mol £  Wesdiomass bought ! 000:C ! 0.05't
Cation diowide statage tank | ooee 0.0000 mol Biochar bouprat 0oo¢c 009t
Methane stoeage tank | oo ©.0000. mol z Buoghae soid | a00/¢c | 000t
Tatal fer soocages 00s € £ Hpogensois | 000 | 000t
§ T tecrial connection | ome 5.00 MW © 002 emwtted 000/¢ 0.00 g
T £ Gasconnecsion | amc | 000 Mw Total ionad cout wishost i | 000 ¢
£ ¥ warer connection { 200¢ 2.00 m'7h Total operational cost with lvestment | 000 €
9§ rotel sor comections .00 € Savings with mirodsction of P26 000 €
Tatal reestment | 0.00 ¢
Payef! perioa n/a yean P

Fig. 12 GF with higher prices of methane and subsidy of 50%

Greenfield investments — not economically viable.
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3. CONCLUSIONS

Regarding Romania, it turns out that the most profitable Power to gas hubs can be
linked to Industrial Plants, where investments are viable and durable.

In the case of Renewable Energy Plant, as mentioned above, the negative values in terms
of energy consumption with or without investment can be translated as production,
however they are not economically viable, just as is the case with investments. Greenfiled
type in this field.

However, it is shown that these values may fluctuate depending on the price of methane
gas or depending on the existence of a certain subsidy and its percentage / value, for this
type of investment.

The existence and the percentage of the subsidy can make the difference and prove to
be mathematically, economically more important than the fluctuation of the gas price.

P2G investments are not sustainable in all scenarios.

Taking into account the biomass deposits in Romania, the most profitable areas to invest
in biomass are the region of Moldova in the northeast of the country but also Muntenia
(Calarasi county) and Constanta county in Dobrogea region, where most biomass is
agricultural. The center of the country, Transylvania, is not a bad investment option
either, where the biomass is mixed, coming from various sources such as livestock, fruit
and forest biomass.

Thus, it is noted that the investments in the P2G field are variable, they are not
economically viable in each case and they depend a lot on the price of gas, on the
biomass capacity. However, an investment can tip the economic balance in a positive
way, even if it would not be 50% as in the presented scenarios, but it would be smaller.
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