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METHODOLOGY

The current Pre-feasibility study is conducted with the help of the D2G Optimization tool (OT) — a software
instrument developed under the DanuP-2-Gas project. On the basis of a series of input parameters, present
in the Biomass and Infrastructure databases and reports!, the OT provides data on the optimal
parametrization of a potential P2G hub investment. This includes its sizing in terms of power, throughput,
yield and the like, as well financial estimates like simple payback period and the amount of investment
required.

Three main scenarios are simulated with the objective of making an optimal selection of a P2G hub location.
The results from simulations are analysed for economic and technical feasibility:

Green field (GF) investment scenario

Under this scenario, the P2G hub is located near favourable infrastructure assets like connection
points (CPs) to the gas grid, substations with enough free power capacity, transport hubs for supply
and delivery of goods, e.g., biochar, as well as biomass sources with cheap and abundant supply
possibilities.

Industrial plant (IP) investment scenario

Under this scenario, the P2G hub is located on the premises of an IP, preferably a big natural gas (NG)
consumer. The possibility for NG supply from the P2G hub to the IP is validated.

Renewable energy plant (REP) investment scenario

Under this scenario, the P2G hub is located on the premises of a REP, preferably a big electrical energy
producer. The possibility for REP supply of electrical energy to the P2G hub is validated from
economic feasibility perspective.

A set of input parameters of each of the three scenarios are varied within predefined boundaries, which
results in the sensitivity analysis part of the current Prefeasibility study:

50% subsidy

Itis normal for innovative and high-risk projects to be backed up by some form of subsidy. In our case
we investigate the results if a 50% subsidy is used.

Ten-fold (10x) increase of NG prices

Nowadays we witness that such deviations are realistic due to geopolitical conflicts and exploring
alternative options for NG supply, including innovative and still expensive ones like P2G, have to be
on our radar.

! Biomass & Infrastructure Databases & Reports are deliverables under the DanuP-2-Gas project.
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The following table summarizes the opportunities for P2G investments that are studied:

Table 1 Case Studies Matrix

Scenario 0% Subsidy 50% Subsidy 10x NG prices

] P2G & GF P2G & GF P2G & GF

P2G & IP P2G & IP P2G & IP
P2G & REP P2G & REP P2G & REP
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2. CASE STUDIES

The case studies are designed around available assets located on the premises of the Northern Industrial
Zone (NIS) in the city of Gabrovo (see the figure below).

Figure 1 Northern Industrial Zone - Gabrovo City (Source: Google Maps)
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The area of the NIZ is marked with a thin red line. The assets of interest for our prefeasibility study are the
following:

o Urban Wastewater treatment plant (UWWTP) — Gabrovo
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The plantis located in the northern part of the NIZ. It can be used as a biomass supplier of a P2G hub
because of its annual output of sewage sludge of the amount of 3,887 tons.

110 kV electrical substation — Gabrovo

The electrical substation is located in the bottom half of the map of the NIZ. It can easily be upgraded
to have additional capacity of between 10 MW and 50 MW against an investment of between EUR
18,000 and 250,0002. As a consequence, the substation can be used as an electrical CP for the P2G
hub.

Photovoltaics (REP)

It is planned that photovoltaics with capacity to produce 16,388.83 MWh annually will be installed
on the premises of 38 companies in the NIZ. For the needs of our prefeasibility study we assume that
the companies will be able to utilize not more that 50% of that energy and that the rest will be
supplied to the P2G hub. In that respect the P2G will act as a balancing agent.

Big NG consumer — industrial plant (IP), etc.

Citygas Bulgaria JSC is the local gas utility. It owns and operates the gas transmission and distribution
grid in several Bulgarian regions, including Gabrovo and the NIZ. A potential P2G hub is in the position
of supplying part of the NG for the needs of Citygas’ clients. The annual sales® of the gas utility
company for the year 2018 reached 89,228 thousand m?.

2 https://webapps.eso.bg/capacity/

* Link
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3. RESULTS

The results of the selection of scenarios are presented in the following sections. All the parameters used for

the simulations are available in the Appendix.

31 POWER TO GAS HUB AS GREEN FIELD
(SCENARIO 1)

Under Scenario | it is assumed that the P2G hub is built on the premises of UWWTP — Gabrovo. In that way

no transport cost for biomass supply is paid for the P2G hub operation.

3.1.1 WITHOUT ANY FORM OF SUBSIDY (0%)

The OT estimates that production and sales of hydrogen, oxygen, and biochar are feasible given the

parameters supplied. A simple payback period of 5.0 years is calculated.

Investment specifications

Figure 2 P2G & GF (0% Subsidy)

INVESTMENT

Operational costs for selected period

Element Cost Cost Amount
Dry anaerobic digestor 0.00 € 0.000000 | kgfs Produced by REP 0.00 € 0.00 MWh
Wet anaerobic digestor 0.00/€ 0.000000 | kgfs = Consumed by IP 0.00%€ 0.00 MWh
Dry biomass to biochar plant 0.00/€ 0.000000 kgfs % Met consumption without investment 0.00/€ 0.00 MWh
Wet biomass to biochar plant 23 871.53|€ 0.096451 kgfs = IMean peak power without investment 0.00/€ 0.00| MW
Combined heat and power (CHP) 0.00(€ 0.00|kive é Consumed by P2G 925 008.97|€ 8382.51|MWh
" Carbon capture plant 0.00(€ 0.000000 | mol/s E Net consumption with investment 929 008.97 € 8392.51|MWh
% Gasification + water gas shift plant 0.00 € 0.000000 | kgfs Mean peak power with investment 0.00 € 2.13 MW
§ Methanation reactor 0.00 € 0.000000| mol/s Produced by REP 0.00 € 0.00 MWh
= Electrolyser 465494792 € 1880.79 kW o Produced by IP 0.00 € 0.00 MWh
Demineralizer 310872|€ 31.401216|mol/s =z Net production without investment 0.00%€ 0.00 MWh
Precipitation collector 1980.00|€ 1 000.00| m* Consumed by P2G 0.00(€ -804.44 | MWh
Heat exchanger 18 333.33|€ 185.19 (kW Net production with investment 0.00 € 804.44| MWh
Gas compressor station 0.00 € 0.0000|kwe =2 Produced by REP 0.00 € 0.00 MWh
Total for processes 4702 241.50 € E E‘ Consumed by IP 0.00 € 0.00 MWh
Dry biomass storage 0.00 /€ 0.00 kg E E Net consumption without investment 0.00/€ 0.00 MWh
Wet biomass storage 41 250.00(€ 8333.33 ke E E Produced by P2G 0.00%€ 0.00 MWh
Biochar storage 14 850.00|€ 1000.00 kg i MNet consumption with investment 0.00 € 0.00 MWh
Biogas storage 0.00(€ 0.00|kg Water Water from the grid consumed by P26 B7.B7 £ 1273.54/m’
@ |Hydrogen storage tank 0.00(€ 0.00 kg Collected precipitation consumed by P2G n/s|€ 360.37|m’
g Oxygen storage tank 0.00€ 0.00 kg . |Drybiomass bought 0.00/€ 0.00t
& | Methane storage tank 0.00/€ 0.00/ kg ‘::'!'L E Wet biomass bought 0.00%€ 150833t
Syngas storage tank 0.00/€ 0.00 kg £ E Biochar bought 0.00/€ 0.00/t
Carbon dioxide storage tank 0.00/€ 0.00 kg Total cost of input materials 0.00 €
Water storage tank 174578|€ 80.16/m’ Hydrogen sold (in bottles) 1357 500.00(€ 181.00|t
Total for storages 57 845.78 € E . Oxygen sold (in bottles) 12 670.00 € 181.00|t
vz Electrical connection 10 668.29(€ 2.13 MW _*g ﬁ Methane sold (in bottles) 0.00 € 0.00/t
% % Gas connection 0.00 € 0.00| MW g Biochar sold 271 500.00 € 181.00(t
E E' Water connection 12 937.30|€ 2.08/m’/h Total revenue from additional sales 1641 670.00 €
S5 Total for connections 23 605.59|€ Residue from dry anaerobic digester 0.00%€ 0.00/t
Total investment 4783 692.87 € a Residue from wet anaercbic digester 0.00/€ 0.00t
Payoff period 5.00 years é Tar from gasification + water gas shit plant 0.00/€ 0.00/t
= CO2 emitted 000 € 0.00t
Total cost of residues 0.00/€
Total operational cost without investment 0.00 €
Total operational cost with investment -712 573.15 €
Savings with introduction of P2G 712 573.15 €

3.1.2 WITH SUBSIDY (50%)

The OT estimates that production and sales of hydrogen, oxygen, and biochar are feasible given the

parameters supplied. Expectedly, the calculated simple payback period decreases to 3.04 years.
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vestment

Figure 3 P2G & GF (50% Subsidy)

perational costs for selected period

Element Cost Amount
Dry anaercbic digestor 0.00 € 0.000000 kg/= Produced by REP 0.00/£ 0.00| MWh
Wet anaerobic digestor 0.00/€ 0.000000 kg/s = Consumed by IP 0.00|€ 0.00 MWh
Dry biomass to biochar plant 0.00/€ 0.000000 kg/s .;E, Net consumption without investment 0.00|€ 0.00 MWh
Wet biomass to biochar plant 2411265 € 0.192901 |kg/s = Mean peak power without investment 0.00/€ 0.00| MW
Combined heat and power (CHP) 0.00/€ 0.00 kWe 1:-_,' Consumed by P2G 928 070.81 € 839251 MWh
" Carbon capture plant 0.00/€ 0.000000 mol/s = Net consumption with investment 928 070.81 € 8392.51| MWh
% Gasification + water gas shift plant 0.00/€ 0.000000 kg/s Mean peak power with investment 0.00 € 2.15 MW
§ Methanation reactor 0.00/€ 0.000000 mol/s Produced by REP 0.00|€ 0.00 MWh
= Electrolyser 2 350983.80 € 1880.79 kW Produced by IP 0.00|€ 0.00 MWh
Demineralizer 1570.06|€ 31.401216 mol/s E Net production without investment 0.00/€ 0.00 MWh
Precipitation collector 1000.00|€ 1000.00 m* Consumed by P2G 0.00|€ -804.44|MWh
Heat exchanger 9 259.26|€ 185.19 kw Net production with investment 0.00 € 804.44| MWh
Gas compressor station 0.00/€ 0.0000 kwe = = Produced by REP 0.00|€ 0.00 MWh
Total for processes 2 386 925.77 € E ; Consumed by IP 0.00/€ 0.00 MWh
Dry biomass storage 0.00/€ 0.00 kg E g Net consumption without investment 0.00|€ 0.00 MWh
Wet biomass storage 20 833.33|€ 833333 kg T Produced by P2G 0.00/£ 0.00| MWh
Biochar storage 7 500.00|€ 1 000.00 kg v e Net consumption with investment 0.00 € 0.00 MWh
Biogas storage 0.00/€ 0.00 kg Water Water from the grid consumed by P2G 87.87|€ 127354/m°
@ |Hydrogen storage tank 0.00/€ 0.00 kg Collected precipitation consumed by P26 nfal€ 36037 m°
g Oxygen storage tank 0.00 € 0.00| kg " Dry biomass bought 0.00/£ 0.00|t
A |Methane storage tank 0.00/€ 0.00 kg § g Wet biomass bought 0.00|€ 150833t
Syngas storage tank 0.00/€ 0.00 kg = E Biochar bought 0.00|€ 0.00|t
Carbon dioxide storage tank 0.00/€ 0.00 kg Total cost of input materials 0.00/€
Water storage tank 881.71 £ 80.16 m’ Hydrogen sold (in bottles) 1357 500.00|€ 181.00(t
Total for storages 29215.04 € g - Oxygen sold (in bottles) 12 670.00|€ 181.00(t
] Electrical connection 10755.09 € 2.15 MW g ﬁ Methane sold (in bottles) 0.00|€ 0.00|t
g % Gas connection 0.00/€ 0.00 MW E Biochar sold 271500.00 € 181.00(t
E En Water connection 12937.30€ 2.04/m’/h Total revenue from additional sales 1641 670.00 €
3E Total for connections 2369239 € Residue from dry anaerohic digester 0.00|€ 0.00/t
Total investment 2 430 833.20 € ] Residue from wet anaerchic digester 0.00|€ 0.00/t
Payoff period 3.04 years é Tar from gasification + water gas shit plant 0.00/£ 0.00|t
& CO2 emitted 0.00 € 0.00|t
Total cost of residues 0.00 €
Total operational cost without investment 0.00|€
Total operational cost with investment -713511.32 €
Savings with introduction of P2G 713511.32 €

3.1.3 WITH 10X INCREASE OF NG PRICE

The OT estimates that production and sales of hydrogen and methane are feasible given the parameters

supplied. The calculated simple payback period is estimated to be 7.8 years.
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Figure 4 P2G & GF (10x NG price increase)

Investment specifications Operational costs for selected period

Element Cost Size Cost Amount
Dry anaercbic digestor 0.00(€ 0.000000 kg/s Produced by REP 0.00 € 0.00| MWh
Wet anaerohic digestor 2 406 250.00|€ 0.115741 kg/s & Consumed by IP 0.00 € 0.00| MWh
Dry biomass to biochar plant 0.00 € 0.000000 kg/s E Net consumption without investment 0.00/€ 0.00 MWh
Wet biomass to biochar plant 0.00 € 0.000000 kg/s B Mean peak power without investment 0.00/€ 0.00| MW
Combined heat and power (CHP) 0.00% 0.00 kwe é Consumed by P2G 3186223.37 € 28 594.97 | MWh
" Carbon capture plant 0.00/€ 0.000000 mol/s = Met consumption with investment 3186 223.37|€ 28 594.97 | MWh
% Gasification + water gas shift plant 0.00/€ 0.000000 kg/s Mean peak power with investment 0.00/€ 6.88 MW
§ Methanation reactor 1432 291.67|€ 3.404139 mol/s Produced by REP 0.00/ € 0.00|MWh
= Electrolyser 9036075.37|€ 3 650.94 kW 5 Produced by IP 0.00/€ 0.00 MWh
Demineralizer 4950.00/€ 50.000000 mol/s £ Net production without investment 0.00/€ 0.00 MWh
Precipitation collector 1880.00 € 1000.00 m* Consumed by P2G 0.00/€ -5122.71 MWh
Heat exchanger 119 B40.65|€ 121051 kw Net production with investment 0.00 € 512271 MWh
Gas compressor station 90 310.83 £ 1140288 kWe = E Produced by REP 0.00/ € 0.00|MWh
Total for processes 13 091 698.55 € E E Consumed by IP 0.00/€ 0.00 MWh
Dry biomass storage 0.00 € 0.00 kg E E Net consumption without investment 0.00/€ 0.00 MWh
Wet biomass storage 49 500.00(€ 10 000.00 kg E E Produced by P2G 2976 000.82|€ 11 904.00| MWh
Biochar storage 7 425.00/€ 500.00 kg v 8 Net consumption with investment -2976 000.82|€ -11 904.00| MWh
Biogas storage 0.00/€ 0.00 kg Water Water from the grid consumed by P2G 193.98|€ 2811.32|m’
v |Hydrogen storage tank 0.00 € 0.00 kg Collected precipitation consumed by P2G nfa|€ 360.37|m’
g Oxygen storage tank 0.00 € 0.00 kg w DY biomass bought 0.00/€ 0.00(t
& Methane storage tank 0.00% 0.00 kg ‘g nEJ Wet biomass bought 0.00/€ 1810.00(t
Syngas storage tank 0.00/€ 0.00 kg = E Biochar bought 0.00/€ 0.00/t
Carbon dioxide storage tank 0.00/€ 0.00 kg Total cost of input materials 0.00/€
Water storage tank 13B4.65|€ 63.57 m’ Hydrogen sold (in bottles) 1357 500.00|€ 181.00|t
Total for storages 58 309.65 /€ @ " Oxygen sold (in bottles) 12 670.00(€ 181.00(t
w oz Electrical connection 34 41478|€ 6.88 MW _Z*'g ﬁ Methane sold (in bottles) 0.00/€ 0.00[t
% % Gas connection 493260/€ 274 MW E Biochar sold 135 750.00 £ 90.50|t
E En Water connection 20 600.00(€ 3.25 mjfh Total revenue from additional sales 1505 920.00/€
S5 Total for connections 59 847.38|€ Residue from dry anaerobic digester 0.00/€ 0.00/t
Total investment 13 209 955.58 € H Residue from wet anaerobic digester 0.00/ € 271.50|t
Payoff period 7.78|years "; Tar from gasification + water gas shit plant 0.00 € 0.00|t
& CO2 emitted 0.00 € 0.00[t
Total cost of residues 0.00 €
Total operational cost without investment 0.00/€
Total operational cost with investment -1295503.47|€
Savings with introduction of P2G 1295503.47|€

32 POWER TO GAS HUB ON THE PREMISIS OF BIG NG
CONSUMER (SCENARIO 1)

Under Scenario Il it may be again assumed that the P2G hub is built on the premises of UWWTP — Gabrovo.
In that way the advantages of Scenario | can be preserved as well as the P2G hub can be connected to the
local gas utility — Citygas to sell methane.

3.2.1 WITHOUT ANY FORM OF SUBSIDY (0%)

The OT estimates that production and sales of hydrogen, oxygen, and biochar are feasible given the
parameters supplied. The calculated simple payback period is estimated to be 5.0 years.
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Figure 5 P2G & IP (0% Subsidy)

perational costs for selected period

vestment
Element Cost Size Cost Amount
Dry anaerobic digestor 0.00/€ 0.000000 | kg/s Produced by REP 0.00/€ 0.00 MWh
Wet anaerobic digestor 0.00/€ 0.000000 | kg/s = Consumed by IP 455 121.86|€ 4063.82| MWh
Dry biomass to biochar plant 0.00/€ 0.000000 | kg/s % Net consumption without investment 455 121.86|€ 4063.82| MWh
Wet biomass to biochar plant 23 871.53|€ 0.086451 kg/s = Mean peak power without investment 0.00|€ 1.19 MW
Combined heat and power (CHFP| 0.00 € 0.00 kWe é Consumed by P2G 929 008.97 |£ 8392.51 MWh
" Carbon capture plant 0.00 € 0.000000 | molfs UEJ Net consumption with investment 1384 130.83 € 12 456.34| MWh
% Gasification + water gas shift plant 0.00/€ 0.000000 | kg/s Mean peak power with investment 0.00 /€ 3.34 MW
§ Methanation reactor 0.00/€ 0.000000 mol/s Produced by REP 0.00/€ 0.00| MWh
= Electrolyser 465494792 € 1880.79 kw = Produced by IP 0.00/€ 0.00 MWh
Demineralizer 331377 € 33.472392|molfs z Net production without investment 0.00/€ 0.00| MWh
Precipitation collector 1980.00/£ 1 000.00| m* Consumed by P2G 0.00 € -804.44 MWh
Heat exchanger 18333.33 )€ 185.19|kwW Net production with investment 0.00 /€ 804.44 MWh
Gas compressor station 0.00/€ 0.0000|kwe =2 Produced by REP 0.00/€ 0.00| MWh
Total for processes 4702 446.54 € E E Consumed by IP 15 075 068.49|€ 471 095.89 MWh
Dry biomass storage 0.00/€ 0.00|kg E E Net consumption without investment 15 075 068.49|€ 471 095.89 MWh
Wet biomass storage 41 250.00/€ 8333.33 kg E E Produced by P2G 0.00/€ 0.00| MWh
Biochar storage 14 850.00|€ 1 000.00 kg ] Net consumption with investment 15 075 068.49 € 471 095.89 MWh
Biogas storage 0.00 € 0.00 kg Water Water from the grid consumed by P2G 87.87|€ 1273.54|m’
w  |Hydrogen storage tank 0.00/€ 0.00|kg Collected precipitation consumed by P2G nfal€ 36037 m"
g Oxygen storage tank 0.00/€ 0.00|kg w Dy biomass bought 0.00/€ 0.00t
& |Methane storage tank 0.00/€ 0.00|kg *g ; Wet biomass bought 0.00/€ 1508.33|t
Syngas storage tank 0.00/€ 0.00| ke = E Biochar bought 0.00/€ 0.00/t
Carbon dioxide storage tank 0.00/€ 0.00| kg Total cost of input materials 0.00/€
Water storage tank 1476.30|€ 5778 m" Hydrogen sold (in bottles) 1357 500.00 € 181.00/t
Total for storages 57 576.30 € E " Oxygen sold (in bottles) 12 670.00|£ 181.00/t
] Electrical connection 0.00/€ 0.00 MW g ﬁ Methane sold (in bottles) 0.00|€ 0.00t
g % Gas connection 0.00/€ 0.00 MW E Biochar sold 271 500.00|€ 181.00(t
E En Water connection 66.94|€ 2.18|m’/h Total revenue from additional sales 1641 670.00 €
3% Total for connections 66.94 € Residue from dry anaercbic digester 0.00/€ 0.00/t
Total investment 4760 089.79 € H Residue from wet anaerobic digester 0.00/€ 0.00/t
Payoff period 4.98 years é Tar from gasification + water gas shit plant 0.00|€ 0.00/t
= CO2 emitted 0.00/€ 0.00/t
Total cost of residues 0.00 €
Total operational cost without investment 15 530 190.35 €
Total operational cost with investment 14 817 617.20 €
Savings with introduction of P2G 712 573.15 €

3.2.1 WITH SUBSIDY (50%)

The OT estimates that production and sales of hydrogen, oxygen, and biochar are feasible given the
parameters supplied. Expectedly, the calculated simple payback period decreases to 3.0 years.
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Figure 6 P2G & IP (50% Subsidy)

vestment specifications perational costs for selected period

Element Cost Size Cost Amount
Dry anaerchic digestor 0.00/€ 0.000000 | kg/s Produced by REP 0.00/€ 0.00| MWh
Wet anaerohic digestor 0.00/€ 0.000000 | kg/s = Consumed by IP 455 121 86|€ 4 063.82| MWh
Dry biomass to biochar plant 0.00 € 0.000000| kg/s % Net consumption without investment 455 121 86|€ 4 063.82 MWh
Wet biomass to biochar plant 24 11265/€ 0.182901 kg/s E Mean peak power without investment 0.00 € 1.19 MW
Combined heat and power (CHP) 0.00/€ 0.00 | kWwe £ Consumed by P2G 928 070.81|€ 8392.51|MWh
" Carbon capture plant 0.00/€ 0.000000 mol/s = Net consumption with investment 1383 192.67 € 12 45634 MWh
% Gasification + water gas shift plant 0.00/€ 0.000000 | kg/s Mean peak power with investment 0.00/€ 3.35 MW
§ Methanation reactor 0.00/€ 0.000000 mol/s Produced by REP 0.00/€ 0.00| MWh
- Electrolyser 2 350983.80 € 1880.79 kw " Produced by IP 0.00/€ 0.00| MWh
Demineralizer 1673.62 € 33.472392|mol/s 2 Net production without investment 0.00|€ 0.00| MWh
Precipitation collector 1 000.00 € 1 000.00|m* Consumed by P2G 0.00/€ -804.44|MWh
Heat exchanger 9259.26 € 185.19|kw Net production with investment 0.00 € 804.44 MWh
Gas compressor station 0.00/€ 0.0000|kwe = = Produced by REP 0.00/€ 0.00 MWh
Total for processes 2 387 029.33/¢€ E E Consumed by IP 15075 068.49|€ 471 095.89 MWh
Dry biomass storage 0.00/€ 0.00 kg E E Net consumption without investment 15 075 068.45|€ 471 095.89 MWh
Wet biomass storage 20 833.33|€ 8333.33 kg R Produced by P2G 0.00|€ 0.00| MWh
Biochar storage 7 500.00|£ 1000.00|kg @ 8 Net consumption with investment 15 075 068.49 € 471 095.89 MWh
Biogas storage 0.00/€ 0.00|kg Water Water from the grid consumed by P2G 87.87|€ 127354|m’
v |Hydrogen storage tank 0.00/€ 0.00|kg Collected precipitation consumed by P2G nfal€ 36037 m’
g‘ Oxygen storage tank 0.00/€ 0.00| ke W ory biomass bought 0.00/€ 0.00/t
& |Methane storage tank 0.00/€ 0.00| kg g E Wet biomass bought 0.00|€ 1508.33|t
Syngas storage tank 0.00 € 0.00 kg = E Biochar bought 0.00 € 0.00t
Carbon dioxide storage tank 0.00 € 0.00 kg Total cost of input materials 0.00 €
Water storage tank 745.61|€ 67.78/m’ Hydrogen sold (in bottles) 1357 500.00|€ 181.00/t
Total for storages 29 078.94|€ E . |Oxygen sold (in bottles) 12 670.00 € 181.00(t
w g Electrical connection 0.00/€ 0.00 MW % ﬁ Methane sold (in bottles) 0.00/€ 0.00/t
% % Gas connection 0.00/€ 0.00 MW E Biochar sold 271 500.00|€ 181.00(t
E En Water connection 66.94|€ 2.18 m]fh Total revenue from additional sales 1641 670.00 €
SE Total for connections 66.94 € Residue from dry anaerchic digester 0.00|€ 0.00/t
Total investment 2416175.21|€ z Residue from wet anaercbic digester 0.00 € 0.00t
Payoff period 3.02 years é Tar from gasification + water gas shit plant 0.00 € 0.00/t
& CO2 emitted 0.00/€ 0.00/t
Total cost of residues 0.00 €

Total operational cost without investment 15 530 190.35 €
Total operational cost with investment 14 816 679.03 €
Savings with introduction of P2G 71351132 €

3.2.1 WITH 10X INCREASE OF NG PRICE

The OT estimates that production and sales of hydrogen, oxygen, biochar, and methane are feasible given
the parameters supplied. The calculated simple payback period is estimated to be 5.9 years.
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Figure 7 P2G & IP (10x NG price increase)

Investment specifications Operational costs for selected period

Element Cost Size Cost Amount
Dry anaerobic digestor 0.00 € 0.000000 | kgfs Produced by REP 0.00 € 0.00 MWh
Wet anaerobic digestor 2432986.11 € 0.117027 kgfs = Consumed by IP 45512186 € 4063.82 MWh
Dry biomass to biochar plant 0.00 € 0.000000 | kgfs g Net consumption without investment 455121.86 € 4063.82 MWh
Wet biomass to biochar plant 2649477 € 0.107050 kgfs = Mean peak power without investment 0.00 € 1.19 MW
Combined heat and power (CHP) 0.00 € 0.00 kwe é Consumed by P2G 162256238 € 14 589.13|MWh
" Carbon capture plant 0.00 £ 0.000000 mol/s = Net consumption with investment 2 077 684.25 € 18 652.95| MWh
% Gasification + water gas shift plant 0.00/€ 0.000000 | kgfs Mean peak power with investment 0.00 € 477 | MW
§ Methanation reactor 1448 206.02 € 3.441963 mol/s Produced by REP 0.00|€ 0.00|MWh
= Electrolyser 455494792 € 188075 kW . Produced by IP 0.00€ 0.00| MWh
Demineralizer 331377 € 33.472392|mol/s z Net production without investment 0.00 € 0.00 MWh
Precipitation collector 1980.00 € 1000.00|m* Consumed by P2G 0.00 € -2 594.85 MWh
Heat exchanger 10352192 € 104568 kW Net production with investment 0.00 € 2 594.85 MWh
Gas compressor station 87 73053 € 110.7708 kWe = = Produced by REP 0.00 £ 0.00 MWh
Total for processes 8759 181.04 € E E Consumed by IP 78321 64384 € 471 095.85| MWh
Dry biomass storage 0.00|€ 0.00|kg E E Net consumption without investment 7832164384 £ 471 095.85|MWh
Wet biomass storage 49 500.00 £ 10 000.00 kg E g Produced by P2G 149622141 € 5984.85|MWh
Biochar storage 148 500.00 € 10 000.00|kg U8 Net consumption with investment 76 514 208.38 € 465 111.00| MWh
Biogas storage 0.00 € 0.00 kg Water Water from the grid consumed by P2G 87.87 € 1273.54/m’
v |Hydrogen storage tank 0.00 € 0.00 kg Collected precipitation consumed by P2G nfa € 36037\ m’
g Oxygen storage tank 0.00 € 0.00 kg - oy biomass bought 0.00 € 0.00/t
& |Methane storage tank 0.00 £ 0.00 kg E E Wet biomass bought 0.00 £ 175167t
Syngas storage tank 0.00/€ 0.00|kg = E Biochar bought 0.00/€ 0.00|t
Carbon dioxide storage tank 0.00|€ 0.00|kg Total cost of input materials 0.00 €
Water storage tank 1476.30/€ 57.78|m’ Hydrogen sold (in bottles) 715 147.06|€ 9535t
Total for storages 199 476.30 € E . |Oxygen sold (in bottles) 12 670.00 € 181.00(t
] Electrical connection 0.00 € 0.00| MW § ﬁ Methane sold (in bottles) 0.00 € 0.00(t
5 % Gas connection 0.00 € 0.00| MW E Biochar sold 219 750.00 € 146.50|t
E En Water connection 6694 € 2.18/m’/h Total revenue from additional sales 947 567.06 €
S5 Total for connections 66.94 € Residue from dry anaercbic digester 0.00 € 0.00(t
Total investment B958724.29 € b Residue from wet anaerobic digester 0.00 € 136.50|t
Payoff period 5.89 years é Tar from gasification + water gas shit plant 0.00 £ 0.00(t
= CO2 emitted 000 € 0.00t
Total cost of residues 0.00 €
Total operational cost without investment 78776765.70 €
Total operational cost with investment 77 644 41345 €
Savings with introduction of P2G 1132 352.25 €

33 POWER TO GAS HUB ON THE PREMISIS OF REP
(SCENARIO IlI)

Under Scenario Il it may be again assumed that the P2G hub is built on the premises of UWWTP — Gabrovo,
providing that it will be possible to connect it directly to the grid of the planned for investment photovoltaics
in the NIZ. In that way: (i) the advantages of Scenario | can be preserved, (ii) the P2G hub can be connected
to the local gas utility — Citygas to sell methane, and (iii) the P2G hub can act as a balancing agent for the
companies in the NIZ that plan to produce electrical energy.

3.3.1 WITHOUT ANY FORM OF SUBSIDY (0%)

The OT estimates that production and sales of hydrogen, oxygen, and biochar are feasible given the
parameters supplied. The calculated simple payback period is estimated to be 4.2 years.
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Figure 8 P2G & REP (0% Subsidy)

Investment specifications
Element Cost Size Cost Amount
Dry anaercbic digestor 0.00|€ 0.000000 |kg/s Produced by REP 288 96090 € 4 144.10 MWh
Wet anaerchic digestor 0.00|€ 0.000000 | kg/s 2 Consumed by IP 0.00 £ 0.00 MWh
Dry biomass to biochar plant 0.00 £ 0.000000 | kg/s % MNet consumption without investment -298 560.80 £ -4 144,10 MWh
Wet biomass to biochar plant 3182870 |€ 0.128601 kg/s ﬁ Mean peak power without investment 0.00/£ 0.00 MW
Combined heat and power (CHP) 0.00|€ 0.00 kwe 5 Consumed by P2G 928 696.25 £ 8392.51 MWh
" Carbon capture plant 0.00|€ 0.000000|mol/s -] Net consumption with investment 475 150.67 € 4 248.41 MWh
% Gasification + water gas shift plant 0.00|€ 0.000000 |kg/s Mean peak power with investment 0.00 € 2.15 MW
§ Methanation reactor 0.00/€ 0.000000|mol/s Produced by REP 0.00 € 0.00 MWh
- Electrolyser 4654 947.92|€ 1880.79 kW 5 Produced by IF 0.00 € 0.00 MWh
Demineralizer 3 278.83|€ 33.119534 mol/s £ Net production without investment 0.00 £ 0.00 MWh
Precipitation collector 1980.00|€ 1000.00|m* Consumed by P2G 0.00 € -804 44| MWh
Heat exchanger 1833333 € 185.19 kW Net production with investment 0.00 € 804.44 MWh
Gas compressor station 0.00/€ 0.0000 kwWe = =2 Produced by REP 0.00 € 0.00 MWh
Total for processes 4710 368.79 € E E Consumed by IP 0.00 € 0.00 MWh
Dry biomass storage 0.00|€ 0.00 kg E g Net consumption without investment 0.00 £ 0.00 MWh
Wet biomass storage 41 250.00|€ 8 333.33 kg = Produced by P2G 0.00/£ 0.00| MWh
Biochar storage 14 850.00|€ 1 000.00 kg v 8 Net consumption with investment 0.00 € 0.00 MWh
Biogas storage 0.00 /€ 0.00 kg Water Water from the grid consumed by P2G 87.87 € 127354 m’
¥ |Hydrogen storage tank 0.00/€ 0.00 kg Collected precipitation consumed by P2G nfa € 36037 m’
g’ Oxygen storage tank 0.00|€ 0.00 kg w DY biomass bought 0.00 € 0.00t
& |Methane storage tank 0.00|€ 0.00 kg E E Wet biomass bought 0.00 £ 1508.33 t
Syngas storage tank 0.00 £ 0.00 kg = E Biochar bought 0.00/£ 0.00|t
Carbon dioxide storage tank 0.00 £ 0.00 kg Total cost of input materials 0.00 €
Water storage tank 1512.27|€ 69.43|m’ Hydrogen sold (in bottles) 1357 500.00 € 181.00|t
Total for storages 57 612.27 € E . Oxygen sold (in bottles) 12 670.00 € 181.00|t
w oz Electrical connection 0.00|€ 0.00 | MW g ﬁ Methane sold (in bottles) 0.00 € 0.00t
% % Gas connection 0.00/€ 0.00 | MW -c?: Biochar sold 271500.00 € 181.00(t
E En Water connection 1364525 € 215 m’,v‘h Total revenue from additional sales 1641 670.00 €
S Total for connections 13 645.25 € Residue from dry anaerobic digester 0.00 £ 0.00t
Total investment 478162630 € H Residue from wet anaerobic digester 0.00/£ 0.00|t
Payoff period 4.17 \years é Tar from gasification + water gas shit plant 0.00/£ 0.00|t
= CO2 emitted 0.00€ 0.00|t
Total cost of residues 0.00 €
Total operational cost without investment -298 960.90 €
Total operational cost with investment -1166 43146 €
Savings with introduction of P2G 867 470.56 €

3.3.1 WITH SUBSIDY (50%)

The OT estimates that production and sales of hydrogen, oxygen, and biochar are feasible given the

parameters supplied. Expectedly, the calculated simple payback period is decreased to 2.6 years.
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Figure 9 P2G & REP (50% Subsidy)

vestment specifications perational costs for selected period

Element Cost Size Cost Amount
Dry anaerobic digestor 0.00 € 0.000000 | kgfs Produced by REP 298 960.90 € 414410 MWh
Wet anaerobic digestor 0.00 € 0.000000 | kgfs = Consumed by IP 0.00 € 0.00 MWh
Dry biomass to biochar plant 0.00 € 0.000000 | kgfs g Net consumption without investment -298 960.90 € -4 14410 MWh
Wet biomass to biochar plant 1808449 € 0.144676 kgfs = Mean peak power without investment 0.00 € 0.00| MW
Combined heat and power (CHP) 0.00 € 0.00 kwe é Consumed by P2G 928 539.89 € 839251 MWh
" Carbon capture plant 0.00 £ 0.000000 mol/s = Net consumption with investment 474 990,24 € 4 24841 MWh
% Gasification + water gas shift plant 0.00/€ 0.000000 | kgfs Mean peak power with investment 0.00 € 2,16 MW
§ Methanation reactor 0.00|€ 0.000000| mol/s Produced by REP 0.00|€ 0.00|MWh
= Electrolyser 2 350983.80 € 188075 kW . Produced by IP 0.00€ 0.00| MWh
Demineralizer 165598 € 33.119534|mol/s z Net production without investment 0.00 € 0.00 MWh
Precipitation collector 1000.00 € 1000.00|m* Consumed by P2G 0.00 € -804.44| MWh
Heat exchanger 9258.26 € 185.19|kw Net production with investment 0.00 € 804.44| MWh
Gas compressor station 0.00 £ 0.0000|kwe = = Produced by REP 0.00 £ 0.00 MWh
Total for processes 2 380 983.52 € E E Consumed by IP 0.00 £ 0.00 MWh
Dry biomass storage 0.00|€ 0.00|kg E E Net consumption without investment 0.00|€ 0.00|MWh
Wet biomass storage 2083333 € 8333.33|kg E g Produced by P2G 0.00|€ 0.00|MWh
Biochar storage 7 500.00 € 1 000.00 kg U8 Net consumption with investment 0.00 € 0.00 MWh
Biogas storage 0.00 € 0.00 kg Water Water from the grid consumed by P2G 87.87 € 1273.54/m’
v |Hydrogen storage tank 0.00 € 0.00 kg Collected precipitation consumed by P2G nfa € 36037\ m’
g Oxygen storage tank 0.00 € 0.00 kg - oy biomass bought 0.00 € 0.00/t
& |Methane storage tank 0.00 £ 0.00 kg g E Wet biomass bought 0.00 £ 1508.33t
Syngas storage tank 0.00/€ 0.00|kg = E Biochar bought 0.00/€ 0.00|t
Carbon dioxide storage tank 0.00|€ 0.00|kg Total cost of input materials 0.00 €
Water storage tank 76377 £ 69.43|m? Hydrogen sold (in bottles) 1357 500.00 € 181.00|t
Total for storages 29097.10 € E . |Oxygen sold (in bottles) 12 670.00 € 181.00(t
] Electrical connection 0.00 € 0.00| MW § ﬁ Methane sold (in bottles) 0.00 € 0.00(t
5 % Gas connection 0.00 € 0.00| MW E Biochar sold 271 500.00 € 181.00(t
E En Water connection 1364525 € 2.15/m’/h Total revenue from additional sales 1641 670.00 €
3 E Total for connections 13 645.25 € Residue from dry anaercbic digester 0.00 € 0.00(t
Total investment 2423725.88 € b Residue from wet anaerobic digester 0.00 € 0.00t
Payoff period 2,61 years “2 Tar from gasification + water gas shit plant 0.00 € 0.00/t
= CO2 emitted 000 € 0.00t
Total cost of residues 0.00 €
Total operational cost without investment -298 960.90 €
Total operational cost with investment -1166 591.88 €
Savings with introduction of P2G B67 630.99 €

3.3.1 WITH 10X INCREASE OF NG PRICE

The OT estimates that production and sales of hydrogen, oxygen, biochar, and methane are feasible given
the parameters supplied. The calculated simple payback period is estimated to be 4.2 years.
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Figure 10 P2G & REP (10x NG price increase)

Investment specifications
Element Cost Size Cost Amount
Dry anaerobic digestor 0.00|€ 0.000000|kg/s Produced by REP 298 960.90|€ 414410 MWh
Wet anaerobic digestor 0.00|€ 0.000000|kg/s = Consumed by IP 0.00€ 0.00 MWh
Dry biomass to biochar plant 0.00/€ 0.000000|kg/s E Net consumption without investment -298 960.90|€ -4 14410/ MWh
Wet biomass to biochar plant 29839.41|€ 0.120563 | kg/s = Mean peak power without investment 0.00/€ 0.00 MW
Combined heat and power [CHP) 0.00/€ 0.00 kwe {;_' Consumed by P2G 93935434/ 8 486.91 MWh
" Carbon capture plant 0.00£ 0.000000|mol/s & MNet ion with investment 485 834.25 € 4 342,81 MWh
% Gasification + water gas shift plant 257176 /€ 0.002598 | kg/s Mean peak power with investment 0.00 € 217 MW
§ Methanation reactor 19 673.96|€ 0.046759|mol/s Produced by REP 0.00€ 0.00 MWh
- Electrolyser 465494792 |€ 1 880.79 kW 5 Produced by IP 0.00€ 0.00 MWh
Demineralizer 3 278.83 € 33.119534|mol/s £ Net production without investment 0.00€ 0.00 MWh
Precipitation collector 1980.00/£ 1 000.00| m* Consumed by P2G 0.00|£ -829.13 MWh
Heat exchanger 19 490.63 |€ 196.88|kw Met production with investment 0.00 € 829.13 MWh
Gas compressor station 124051 /€ 1.5663 | kwe =2 Produced by REP 0.00/€ 0.00 MWh
Total for processes 4733 023.01 € E E’ Consumed by IP 0.00/€ 0.00 MWh
Dry biomass storage 0.00|€ 0.00| kg E E Net consumption without investment 0.00€ 0.00 MWh
Wet biomass storage 49 500.00 (€ 10 000.00 | kg E g Produced by P2G 20326.25(€ 81.30 MWh
Biochar storage 14 850.00 (€ 1000.00 kg v e Net ion with investment -20326.25|€ -81.30 MWh
Biogas storage 0.00|€ 0.00| kg Water ‘Water from the grid consumed by P2G 88.61/€ 128824 m’
¢ |Hydrogen storage tank 0.00£ 0.00 kg Collected precipitation consumed by P2G nfal€ 36037 m’
g Oxygen storage tank 0.00€ 0.00| kg w DY biomass bought 0.00€ 0.00t
# | Methane storage tank 0.00/¢ 0.00/ke 5 T |Wetbiomass bought 0.00/¢ 167667 ¢
Syngas storage tank 0.00/€ 0.00| kg = E Biochar bought 0.00€ 0.00 &
Carbon dioxide storage tank 0.00/€ 0.00 kg Total cost of input materials 0.00 €
Water storage tank 151227 |€ 69.43/m’ Hydrogen sold (in bottles) 1352 046.00|€ 180.27 |t
Total for storages 65 862.27 € g " Oxygen sold (in bottles) 12 670.00 € 181.00(t
w2 Electrical connection 0.00|£ 0.00| MW g ﬁ Methane sold (in bottles) 0.00|£ 0.00[t
% E Gas connection 67.75/€ 0.04| MW 2 Biochar sold 271 500.00£ 181.00(t
£ 2 |Water connection 13 645.25|€ 2.15|m’fh Total revenue from additional sales 1636 216.00 €
S5 Total for connections 13 713.00 € Residue from dry anaerobic digester 0.00|£ 0.00/t
Total investment 4812 598.28 € H Residue from wet anaerobic digester 0.00|£ 0.00/t
Payoff period 4.18|years é Tar from gasification + water gas shit plant 0.00|£ 202/t
= CO2 emitted 0.00/€ 0.00[t
Total cost of residues 0.00€
Total operational cost without investment -298 960.90 €
Total operational cost with investment -1170619.39|€
Savings with introduction of P2G 87165849 €
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4.CONCLUSIONS

The main results of the investigated scenarios are summarized in the table below. It can be concluded that
NG prices has to increase tenfold from their 2018-2019 price levels to make methane production feasible.
Otherwise, production of oxygen, hydrogen, and biochar provides healthy financial margins at the prices
assumed by the OT.

Table 2 Case Studies Results

Scenario Chargf::;:istics 0% Subsidy 50% Subsidy 10x NG prices
5.0 years 3.0 years 7.8 years
T EUR 4.8 miillion EUR 2.4 million EUR 13.2 million

Production Oxygen Oxygen Methane
Facilities ARG AEELER Hydrogen
Biochar Biochar
5.0 years 3.0 years 5.9 years
T EUR 4.8 miillion EUR 2.4 million EUR 9.0 million
Oxygen Oxygen Oxygen
Production Hydrogen Hydrogen Hydrogen
Facilities Biochar Biochar Biochar
Methane
4.2 years 2.6 years 4.2 years
T EUR 4.8 miillion EUR 2.4 million EUR 4.8 million
Oxygen Oxygen Oxygen
Production Hydrogen Hydrogen Hydrogen
Facilities Biochar Biochar Biochar
Methane
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APPENDIX | OPTIMIZATION TOOL PARAMETERS

1. P2G & GF with 0% subsidy

By

DanuP2Gas
Optimization Tool - B¢

2. P2G & GF with 50% subsidy

By

DanuP2Gas
Optimization Tool - B

3. P2G & GF with 10x increase in NG price

By

DanuP2Gas
Optimization Tool - B¢

4. P2G & IP with 0% subsidy

By

DanuP2Gas
Optimization Tool - B

5. P2G & IP with 50% subsidy

By

DanuP2Gas
Optimization Tool - B¢

6. P2G & IP with 10x increase in NG price

By

DanuP2Gas
Optimization Tool - B

7. P2G & REP with 0% subsidy

By

DanuP2Gas
Optimization Tool - B

8. P2G & REP with 50% subsidy
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By

DanuP2Gas
Optimization Tool - B

9. P2G & REP 10x increase in NG price

By

DanuP2Gas
Optimization Tool - B
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