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1. METHODOLOGY

The main input for the study was the results tables generated by the DanuP2G
Optimilization Tool (OT). The inputs to OT were mainly the previously submitted
Infrastructure report and table and the Biomass report and table. Other
supplementary and explanato ry information is also provided in the study, given
that these may be internet sources, these sources are indicated in the relevant

section.

The Optimilization Tool (OT) is ready for all 18 cases, according to the work package.

More precisely the followi  ng three cases:

1 P2G hub as a green field project (Green field);
1 P2G hub at an industrial plant (IP);

1 P2G hub at a renewable energy plant (REP);

For each of these three cases (IP, REP, and Green field) the results include an

investigation of:

- Natural gas price
0 current price
o 5 times the current price
o 10 time the current price

- with and without subsidies of 50%.
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2. CASE STUDIES

2.1P2G HUB AS A GREEN FIELD PROJECT (GREEN FIELD);

KAPOSVAR
The city of Kaposvar, capital of Somogy county in Southern -west Hungary is a
possible location for a greenfield investment L

The term greenfield stands for investments implemented on fields that has been,
literally, green. The word green also mean new, alluding to new construction
projects. Instead of buying an existing facility, a new venture is begun by
constructing new facilities. Construction projects may include more than just a

facility. They also entail, rather lean on the entire public utility infrastructure.

The economy of Kaposvar has implemented tremen dous development in recent
years. The economic strategy of the city, the attractive environment for investors and

the supportive attitude of the municipality resulted several traditional
manufacturing companies expanding their production capacity, as well as industrial
companies appear in the industrial parks of the city and announce new investments.
Examining the transport geography of Kaposvar, its road and railway connections

effectively contribute to the provision of passenger and freight traffic in the area.

Kaposvar is the dominant economic location of Somogy county and Southern
Transdanubia, the production and commercial centre, the engine of development.
Considering its industrial structure, two distinct lines can be observed. Food plants

with along history and strategic importance, as well as the electrical and machinery

1 Understanding Greenfield vs. Brownfield Investment s (investopedia.com)
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industries investments have been made or are in the process of being made. Jobs
are successful providing the city's education system with a skilled workforce as a
basis for its oper ation task. Major achievements in this area are the soon -to -be -built
Science Park, as well as the local units of notorious higher education institutions
(University of Obuda, Hungarian University of Agricultural and Life Sciences). The
iFood Cluster gather s the outstanding actors of the food and agricultural industry in

the region.

2.1.1 TRANSPORTATION

The regional relations of Somogy county are twofold: the northern and western

edges of the county have adequate accessibility and infrastructural background,
while the inner areas, mainly eastern and southern parts have more closed transport

links. Kaposvar has good road access, on M7 or M6 motorways from Budapest, 48 km

from the M7 motorway, on the M67 motorway from Balatonszemes. | can be reached

from Dunaféldvar on the main road 61. From the centre of the region, Pécs, it can be

reached on the main road 66, from Nagykanizsa and Dombévar on the main road 61.

During the spring of 2023, the existing main road 67 bypassing Kaposfiired will be

improved with a 2x2 lane road, with a design speed of 110 km / h. The planned M9
motorway between Szekszéard and Kaposvar is in the most advanced planning

phase. The railway connection of the city is also ensured, on the railway line 40
(Budapest -Dombovar -Pécs) to D omboévar, then from there on the railway line 41
(Dombévar - Gyékényes). Railway line 41 is after Kaposvar had 3 southern branches,
however these were eliminated aggravating the situation of underdeveloped south -

eastern districts.

Direct rail connections of Kaposvar:

Project co -funded by the European Union funds (ERDF, IPA)
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.| |
9 Line 35: Kaposvar -Siéfok, 100 km, single -track, non -electrified side line
9 Line 36: Kaposvar -Fonydd, 54 km, single -track, non -electrified side line

9 Line 41: Dombévar -Gyékényes, 101 km, single -track, electrified main line

As mentioned, there are several industrial zones around the city with plenty of
manufacturing companies as potential users of the P2G hub in case the project was
implemented as a greenfield investment near Kaposvar. Greenfield industrial

investments are being  implemented currently too. Industrial parks:

Eastern Industrial Park (north and south)
Videoton Industrial Park
Northern Industrial Park (implemented as a greenfield project in four phases)

Eastern side of Firedi Gt

2.1.2 PHYSICAL CONSTANTS

As shown in the figu re below, the city is bordered by large green fields, potential

locations of a P2G hub for Kaposvar 2.

2Kaposvar Pre -feasibility study
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1 Figure: Kaposvar Industrial Parks

Source: Own editing

2.1.3 RE ACCESS

From the Eastern Industrial Park to the north, there is the | argest solarplant of the
country. It is a 100 megawatt solar power plant 3, Itis currently the largest solar power
plant in Central Europe, four times the size of the one in Kapuvar, which was

previously considered to be the largest similar facility in Hu ngary.

The amount of energy produced by the solar park almost meets the annual energy

needs of the entire population of Kaposvar. The solar power plant was built by the

3 Oriasi napelempark késziilt el Kaposvar hataraban - MUszaki Magazin (muszaki-

magazin.hu)

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

14’


http://www.interreg-danube.eu/danup-2-gas
https://www.muszaki-magazin.hu/2021/06/02/napelempark-kaposvar-hataraban/
https://www.muszaki-magazin.hu/2021/06/02/napelempark-kaposvar-hataraban/

(t )

interreg M

Danube Transnational Programme

National Machinery Import and Export Corporation (CMC), a design company owned
by China 's state -owned company, China General Technology Group. Construction of

the solar park began in June 2019 and was completed in 2021.

Due to such projects, the amount of solar capacity in Hungary is growing rapidly.

This is confirmed by the fact that while in 2019 the total capacity of domestic solar
systems was 1277 MW, by the end of 2020 this number had already reached 2000

MW. The Kaposvar solar park connected to the grid in 2021 represents an additional

5% increase at the beginning of the year compared t 0 2020. This is a very good
starting point, as the main goal of Hungary's National Renewable Action Plan is to

be able to cover 14.65% of the country's electricity needs from renewable sources by

2022.

2.1.4 POWER AND GAS GRID ACCESS

Amount and price of biomass

Biomass is available almost anywhere in the country at varying prices, but the

average price is 42 EUR/tonne.
Optimization tool setup and input parameters

1 Grid investment prices:
o Electrical grid:
A Unit cost for electrical transmission grid connection 2,55 €/kW
km
A Unit cost for electrical distribution grid connection 4,27 €/kW km
A Capacity cost for electrical transmission grid connection 122

€/kW
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A Capacity cost for electrical distribution grid connection 1,63

€/kW

o Gas grid:

>\

A

A
A

Unit cost for gas tr  ansmission grid connection 90 €/kW km
Unit cost for gas distribution grid connection 67 €/kW km
Capacity cost for gas transmission grid connection 0,6 €/kW

Capacity cost for gas distribution grid connection 0,53 €/kW

o Water grid

A
A

Unit cost for water grid con nection 4,02 €/kW km

Capacity cost for water grid connection 1,48 €/kW
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2.2 P2G HUB AT AN INDUSTRIAL PLANT (IP) - TVK,
TISZAUJVAROS

In Tiszaujvéaros the Tisza Chemical Combine Public Limited Company (TVK Plc. Or
TVK) is one of the largest chemical companies i n Hungary in terms of turnover. For
more than four decades, TVK has been producing raw materials in competitive
guality for the plastics processing industry, from which have become consumer and
industrial goods an integral part of our daily lives. TVK's sh ares can be traded on the
Budapest Stock Exchange and the over -the -counter trading system (IOB) of the

London Stock Exchange.

TVK and Slovnaft a.s. in Bratislava - as part of the integrated MOL Downstream
division - are the leader in the petrochemical ind ustry in the Central European
region. These two companies are among the top ten players in the polymer market

in Europe in terms of joint production capacity. The production of TVK and its
Slovakian partner are optimally synchronized by the MOL Group furth ermore they

are utilized the benefits of integrated polymer sales within the MOL Group.

PRIORITY OBJECTIVES

Safe operation of plants

- Continuous increase of efficiency

- Implementation of strategic development projects

- Maintain strict control of costs and investments

- Strengthening integrated operations in the Downstream division of MOL

Group.

Project co -funded by the European Union funds (ERDF, IPA)
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2. Figure:TVK, Tiszaujvaros

Source: Debrecen hirei, debreceni hirek | Debrecen és Hajdu -Bihar megye hirei

Dehir.hu
Main activity:

It primarily serves European plastics processing companies with competitive, high
quality polymer products. In ad dition to main profile, it also sells olefins and other
chemical feedstocks to the region's chemical and oil refining industries, including

MOL.

The main products of the olefin plants are ethylene and propylene, which are

processed into polyethylene and po lypropylene in polymer plants. Some of the
ethylene produced in the olefin plants is sold to BorsodChem Zrt. under a long -term
contract.

TVK is committed to sustainable development. Its environmental performance:

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



http://www.interreg-danube.eu/danup-2-gas
https://www.dehir.hu/tag/tvk/
https://www.dehir.hu/tag/tvk/

(t )

interreg M

Danube Transnational Programme

- The waste collection and storage method dev eloped through the
implementation of the Central Waste Yard is to the satisfaction of both our
business units and our contracted partners. There were no comments or
complaints from the public.

- By increasing energy efficiency, reducing specific carbon dioxi de emissions,
implementing leading technological improvements, optimising energy
supply and production, and optimising the availability of demand and service
assets, we have achieved specific emissions of 0.989 tonnes CO2/t HVC at the
level of the TEC.

- In the course of uniform environmental licensing procedures, permit
documentation for review documentation has been compiled and submitted

to the EMI -CERC.

The plant is currently expanding, looking for opportunities. MOL Petrolkémia Zrt. and
McDermott Intern ational Inc. have signed an agreement for basic design,
technology license, catalyst and Front End Engineering Design (FEED) for olefin
conversion technology (OCT) investment, which will be part of MOL's petrochemical
complex in Tiszaudjvaros, in Hungary. F  rom refinery and olefin plant feedstocks, the
new plant will produce a polymer feedstock, propylene, with a capacity of 100,000
tons / year, using the OCT and CDHydro Isobutene Removal process owned by

Lummus. The plant will also produce an isobutene -rich fraction.

2.2.1 TRANSPORTATION

It is a settlement located 35 km from Miskolc, at the mouth of the Sajo Tisza; It is
located right next to the main road 35 from Nyékladhaza to Debrecen, and is

connected to Mezdcsat by the 3313 road. A small part of its administrative area is

Project co -funded by the European Union funds (ERDF, IPA)
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located on the other side of the Tisza, on the left bank, but that part of the area can

be considered uninhabited.
Rail connections of Tiszaujvaros:
Line 89: Tiszaujvaros —Nyékladhaza
Road connections of Tiszautjvaros:
Line 35, near Miskolc
Water connections of Tiszaujvaros:

through the Tisza River (2 " largest river in Hungary)

2.2.2 AMOUNT AND PRICE OF BIOMASS

Tisza BioTerm Kift., owned by Sinergy Kft. The project was implemented with the
support of the European Union and the New Széchenyi Plan for HUF 65 million in

2013.

Biomass is available almost anywhere in the country at varying prices, but the

average price is 42 EUR/tonne.

2.2.3 RE ACCESS

The number of sunny hours suitable for energy production in the region of Northern
Hungary i s 11001200 moves around. World market prices for solar panels have fallen
sharply in recent years, as a result the interest of domestic investors in solar parks
and solar power plants (PV) has increased significantly. In the last few years, a more
or less powerful solar power plant has been built in many settlements of the country.

In Borsod -Abauj -Zemplén county, several solar power plant investment projects are

under implementation, these are the solar power plant project in Felsézsolca, which

Project co -funded by the European Union funds (ERDF, IPA)
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is being im plemented in the investment of MVM Zrt. one of the most powerful PV

parks in Hungary.

In the case of Tiszaujvaros as well, the implementation of a solar power plant
investment with a capacity of at least 6 MW was justified, which allows approx. 4,000
MWh o f electricity generation and approx. 3 200 t CO2 emission reductions are
achievable. In selecting the location of the investment, it had to be taken into
account that: approximately 7 -8 hectares of solar power is required in this power
range. Since the in  the vast majority of solar power plants, it is advisable to connect
to the 20 kV network. to install the power plant near a pipeline or substation. Also, it
was an important consideration to do so, if possible, the power plant should be
located in a brownf ield area (eg in an abandoned industrial area). MOL has launched
a 3 MW solar power plant on the site of MOL Petrolkémia Zrt. (Formerly TVK) which

was already operational at the end of 2018. 4

China -based Unisun Energy Group has built an 11.6  -megawatt sola r power plant in
Tiszaszélds. According to their plans, the capacity of the solar power plant installed
in the settlement near Lake Tisza can be expanded to at least 50 MW later in several

phases. In total, the Chinese company is involved in more than 1 GW of photovoltaic

projects worldwide.

2.2.4 POWER AND GAS GRID ACCESS

Tisza Il is a thermal power plant in Tiszaujvaros. It consists of 4 units of 215 MW (power
plant unit) with a total nominal capacity of 860 MW. It has hydrocarbon -fired boilers:

the thermal pow er plant fires natural gas and heating oil, and even in 1982 it was

4 Tiszaujvaros Sustainable Energy And Climate Action Plan (SECAP)
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made suitable for firing high -inert natural gas. The power plant covers an area of
more than 130 hectares, has its own water extraction and water treatment plant, an
oil storage facility w ith a capacity of more than 80,000 tons, and its own internal

industrial track.

£ I EEEET
3. Figure: Utilities in the area

Source °: http_s://ekozmu.e -

epites.hu/alkalmazas/lakossag/menu/terkep/tajekoztatas/kozmuterkep

Financial data from the TVK:

- Total fixed assets 140.862 million forints

- All current assets 75.362 million forints

Operational prices and parameters

Syellow = hydrocarbons, pink = district heating, red = electricity, blue = water supply, brown = drainage
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- Total operating income 401.695 million forints

- Total operating expenses 364.766 million forints
Investment prices

- All sources 216.224 million forints

2.2.5 PHYSICAL CONSTANTS

The registered office of the Company is Tiszauljvaros (H -3581 Tiszaujvaros, TVK -

Ipartelep, TVK Central Office Building, building 2119/3)

Tiszaujvaros is an industrial city in northern Hungary, in Borsod -Abalj -Zemplén
county. The center of the Tiszaujvaros district. It is the fifth most populated town in

the county after the county seat. Tiszaujvaros has a favorable geographical location.
The area is a plain and terraced river valley according to its topography. The city is
located in northern Hungary on the eastern edge of the Blkk region, in the area
enclosed by the Saj6 estuary, the second largest river in Hungary, the largest river in
the counties of Tisza and Borsod  -Abalj -Zemplén. Its area of 46.04 km2. TiszaUjvaros
plays a connecting role between three big cities, Miskolc, Debrecen and Nyiregyhaza.

The establishment of the industrial base began i n 1953 with the construction of a 200
MW coal -fired thermal power plant on the border of Tiszapalkonya. With the services

of the thermal power plant, electricity and industrial steam, it established the
existence of large industrial plants to be built late r (eg Tiszai Vegyi Kombinét, Tiszai
Refinery, Olefin Factory, Tisza Il Thermal Power Plant). The first operating unit of the

Tisza Chemical Plant, the gas plant, was put into operation in 1959, the paint factory
started operating in 1961 and the fertilizer factory in 1964. The olefin program has
given new impetus to the development of the industry. Petrochemical activity

began in 1970 with the commissioning of the first polyethylene plant. The major
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investment of the Tisza Power Plant, the construction of t he Tisza Thermal Power
Plant, began in 1971, and was originally planned to be the largest power plant in the

country at 2,000 MW, but was built at only 860 MW due to the 1973 oil crisis, making

it the third largest power plant in Hungary. It was handed ove r on September 7, 1979.
Construction of the Tisza Petroleum Company (TIFO) began in 1973, and oil refining

began in November 1980. In addition to the three factory complexes, the
municipality of Tiszaujvaros established the 140 -hectare Tiszaljvaros Industr  ial Park
with a greenfield investment in 1997. The industrial park with full infrastructure has

created favourable conditions for industrial and commercial companies. The settled

businesses employ more than 10,000 people in the industrial park.

The closing headcount of the TVK Group employees on 31 December 2014 was 981.
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4. Figure: Tiszaljvaros map

Source: google.com/maps
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2.3 REP - PV LOCATION CHARACTERISTICS (P2G HUB AT A
RENEWABLE ENERGY PLANT (REP)

In the case of renewable resour  ces, we have a wide range of options to choose from,
given that increasing and integrating solar power generation into the grid is one of
the most important goals and challenges for the Hungarian energy system in the

coming decades, so the calculations wer e run with solar PV.

Considering that in the next decades solar resources will be available in almost all
parts of the country with similar conditions, not a specific location was chosen, but a
general hypothetical investment location, which could be loca ted near any solar

park in the country.
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5. Figure: The biggest solar park (100 MW) in Kaposvar, Hungary

Source: Elkészilt Kaposvar giganapelemparkja, februartél indul a termelés |
Kap osvar Most.hu (kaposvarmost.hu)

2.3.1 CHARACTERISTICS OF THE SETUP

Availability and cost of resources:

The availability of solar power plants in many areas of the country, even on a larger
scale, means that entry costs can be almost identical in this respect, so other factors

may be the main determinant for the choice of a site.
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6. Figure: Solar field map of Hungary (nominal power)

Source: SolarMap - Interaktiv térkép

Trans portation:

Given that a location with no general precise location was chosen for the analysis, it
can be said that rail transport in Hungary has a network with a high density and good

accessibility along the main lines.
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7. Figure: Main lines of the Hungarian railway network

Source: Térképek | MAV -csoport (mavcsoport.hu)

In terms of road accessibility, the Hungarian road network is as dense as the rail
network, the quality of the network along the main routes has improved a lot in
recent years, while the most recent years have seen the most extensive upgrading
or major ren ewal works on the secondary lines, which will be typical in the decade

to 2020.
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8. Figure: Main routes of the road network in Hungary

Source: Magyarorszag féutjai — Wikipédia (wikipedia.org)

Amount and price of biomass:

Biomass is available almost anywhere in the country at varying prices, but the

average price is 42 EUR/tonne.
RE access:

Given that no specific location has been chosen, access to renewable energy sources

is flexible and can be adapted to the site.
Power and gas grid access:

The average distance between connection points in the country is 12 km for

electricity and 10 km for gas.
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Optimization tool setup and input parameters

1 Grid investment prices:
o Electrical grid:

A Unit cost for electrical transmission grid connection 2,55 €/kW

km
A Unit cost for electrical distribution grid connection 4,27 €/kW km
A Capacity cost for electrical transmission grid connection 122

€/kW
A Capacity cost for electrical distribution grid connection 1,63
€/kW
o Gas grid:
Unit cost for gas transmission grid connection 90 €/kW km

Unit cost for gas distribution grid connection 67 €/kW km

> > >

Capacity cost for gas transmission grid connection 0,6 €/kW
A Capacity costf or gas distribution grid connection 0,53 €/kW
o Water grid
A Unit cost for water grid connection 4,02 €/kW km

A Capacity cost for water grid connection 1,48 €/kW

2.3.2 STATUS QUO OF SOLAR POWER GENERATION IN HUNGARY

After the extremes of March, electricity prices in A pril were €80-100/MWh lower on
the day -ahead markets, with prices fluctuating between €200-250 on the domestic

exchange. The price moderation was due to a correction in gas prices and higher
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renewable generation, according to the April electricity market r eport of the

Hungarian Energy and Utilities Regulatory Office. 6

In April 2022, aggregate consumption in the five largest European markets was 2%
lower than in the same period of the previous year. Consumption in the Central

European region fell by more th an this, by 3.2%.

Renewable generation has been growing dynamically, reaching a daily maximum of
1806 MW on 13 April, an absolute record, far exceeding the 1407 MW recorded in

August last year.

2.4 EXISTING P2G PILOT PROJECT IN HUNGARY

There is also a very sig nificant Power -2-Gas related pilot project currently running in

Hungary, the Akvamarin project.

In February 2021, Hungarian Natural Gas Storage Ltd. launched its innovative R&D
pilot project, Akvamarin, which will establish a hydrogen production and blendi
technology at its underground gas storage facility in Kardoskut. The project is a
response to the European Union's European Green Deal and aims to sell to
consumers and replace the use of own gas. FGSZ Natural Gas Transmission Ltd. is a

joint venture of MFGT Zrt.

FGSZ is pleased to be associated with the testing of the transmissibility of the
hydrogen gas produced by the project in the transmission system, based on its
knowledge, extensive technological background and legal knowledge, as part of a

coope ration agreement. The project is expected to be completed by early 2023

6 www.mekh.hu/csucsetiontott-a-hazainaperomuvitermelesaprilisban
M1 GEYENRY LINRP2ST G FEFLN!'ESGSGSE 6YFIAG dKdzo
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9. Figure: Schematic diagram of the project

Source: Akvamarin (mfgt.hu)
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From Figure 4 to Figure 9, we can see cases where a P2G hub could be developed as

3.1

3. RESULTS

GREEN FIELD

a greenfield investment, but the calculation shows that such an investment cannot

be economically feasible in Hungary, even with 50% subsidy and 10x gas price

increase.

Investment specifications

3.1.1 RESULTS WITH SUBSIDIES

Operational costs for selected period

Price Stre Price Amonnt
Dy andeichic Sgeaor 0,00 ¢ 0,000000: kg/s Froduced by AP 0,00 ¢« 0,00 M
Wet anaerobic digestor 0,00 € 0000000 hg/'s [~ Consumed by P 000 € 0,00 M
Dry blomasz 0 Blochar plant 000 ¢ 0,000000 kg/'s f Net cunsumption Withoot investment noe €« T00 MW
Wl Ditrnans 1O biochae plant mr:.c o.omom_u,'- 3 Pwdk power Wwithout ssvestment 0,00 ¢ 0,00 kw
Buogas separator 00 € 0,000000 hg/'s 5 Consumed by P2G 0,00 € 0,00 M
» Gaufication » water gas sneft plant 000 ¢ 0,000000 kg/s H Net consumption with Investment o« 0,00 M
I combined huat and power (C1) 0,00 ¢ 0,000000. kg /s Pk powae With swedtment 0,00 ¢ 0,00 kw
g Carton capture plant 00 € 0000000 malf's Sroduced by REP 0,00 € 0,00 M
Electrofyser 0,00 ¢ 0.00 kv & Produced P 00 € 0,00 Mws
Dwrrinee plizne D.ll:.( 0,000000 mal/s ‘; Net production without imvestment 0,00 ¢ 0,00 AW
Sratipaation collector 0,00 ¢ 0,00 m* Consumed by PIG 000 & 0,00 MW
Methanation reactor 0o € 0000000 mal/s Net production with westment 0.00 € 0,00 Mwn
Huwt wxchanger 0,00 ¢ 10,0000 kW Froduced by REP 0,00 ¢ 0,00 MWH
Total fov processes 0m ¢ 2 Consumedby 1P 0,00 & 0,00/ am
Dry blomass storage 0,00 € 00000 kg a Net CoNTumpaion WIthout Invessment om« 0,00 MWm
Wit bicrmaes storape 0,00 ¢ 0.0000 kg 2 Froduced by P26 0,00 ¢ 0,00 MW
Bochar S0ge 0004 0,0000 kg NOL COMSUmMPLion with (nvestsant 0,00 & 0,00 AN
2 Waterstorage sank 0,00 € 0.0000 mal Water ‘Water consumed by P2G 0.00 € .00 m'
¥ Cxygen storapes tank 0,00 ¢ 0,0000 mol 2 Dry bloman bought 0,00 € .00t
§ Hydrogan sorage tank 0,00 ¢ 0,0000 mal :,'; Wt Buormis bought 0,00 & 0,001
Carbon Ghowihe storage tank 0,00 € 0.000C mal Bochar bought 0« 000t
Methane storage tank o000 ¢ 0,0000 mol q Sochar sold 000 € .05t
Total foe storages 0,00 ¢ é‘ Mycrogun seld 000 & 0001
g ¥ Hectral connection 0,00 € 0,00 MW C02 emitted 0.00 € 0,00 kg
3 § Gas commaction 2,00 ¢ 0,00 MW Total operational cost withot 00«
5 wate ccenacticn 0,00 ¢ 0,00 m'/N Total Jonl coat with i 000«
9 ¥ Jotal for connections _oone Savings with introduction of P2G 0,00 ¢
Total investment | 0,0 ¢
Payot! peciod wa yean

10. Figure: Results for GF with real gas prices of methane and 50% subsidy

Source: Optimilization Tool v1.1
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Investment specifications Operational costs for selected period
I Price Shee Price Amount
Oy anaerobic digester | 020 € 0000000 Rg/s Srosuced by RES | ceok | 0,00 MW
Vet anserctic dgestor | 000 € 0200000 *g/s = Consumed by & | 000€C | 0,00 A
Qry Blomans o hiochar plant | 060 € 0,600000 eg/y g Net aption without | 000 € | .00 ATdh
WOt Duoonass 10 Diochar plant 000 € 0000000 %g/s -g POIK power WIThout WwesIment 000 € 0,00 kW
Fooges separator | 000 € 0.000000 *g/s g Consumed by P26 | ogoc 0.00 MYem
atcation » water gas shift plaes | 000 € 0,000000 &gy | Net cantusplon with rvestment | 000 ¢ | .00 ATdh

! Combined heat snd power (CHP} | 0,00 € 0000000 45/ Pook power with invesament 000 € 0,00 %W

£ Carbon capture phant | 0.00'¢ 0200000 melfs Srodecad by REP | oeolc 0,00 M
Slactsobyser | 00 ¢ 0,00 %W | Srodocad | o€ | 0,00 Arwn
Demineralizor | 000 € 0.200000 mel/s ! et production without swestment | 000'€ | 0,00 ATé/n
Precpastion colectar | 0.00 € 000 = | Censumed by P26 | 0g0C | 0,00 M
MEENINGLI0N MGT0r | 000 € 2000000 melfc Natp wiit 3 0,00 € 0,00 N
Heat exchanges | 000€ 0.0000 kW | Froduced by REP | 000€ 0,00 MW
Total for processes 000 € 2 comumedby® ) | g0 | 0,00 M
Dry blomass ssorege | 000 € 00000 kg g Aot consumption mithout inestment 000 € 0,00 Mwn
Virt thomass storage | 0g0e 0.,0000 &g | E  produoed by PG ] 00 6,00 Mren
Bucchee oo ige | 0L0€ 00000 kg | NOL CONSUERRLIon wilh iveiiment 000 ¢ 0,00 Arevh

£ Waterztorage tank | 0.00 € 00008 mol | Water ‘Water contumed by P26 0.00 € 0,00 m'

5 Coeygen viorage tank | ogoe 0,0000 ol w Dty biomays bought | ofe noot
HyCrogen storage tank | 000 ¢ 00000 mol 3 Wt eomiss Dot | 0,00 € 0001
Carbon alowsde storage tank | u.oo € 0.0000: ol | —Succhar bougnt 0.00 € 000t
Miwthans storape Lank | ogoe 0.0000 mei & meocher sl | ogoe | 0,001
Total fov stoeag 000 € 3 Fydrogen sold 000 € 0001

g Electrical connection | a0 0,00 8 | <02 emitted 0.00€ 0.00 kg
i G conomction | 0,00 € noonw Yotal opes stional cost without investiment 0,00 ¢
¥ wator cconection | 080 € 000 m'n Total op 1 cost with i [ 080 €
S % rotalfor 000 € Savings with Introduction of P2G 080 €
Total investment | 000 <
Payott period na years = o |

11 Figure: Results for GF with moderate gas prices of methane and 50% subsidy

Source: Optimilization Tool v1.1

Investment specifications Operational costs for selected period
Humunt Miew Slaw Mlew Aot
Dry anaercesc dygestor noo € | ©,000000 bg/s Produced by RER 000 € { 050 Mwh
Wt anaerobic digestor { 0.00 € 0.000000 kg/'s & Consumedby i# 000 € 000 Mwh
Dry Seomans to Decchar plant | oeoe ©,000000 kg/s E Net PRITN WIthoAR (nves 0,00 € 0,00 MWH
Wet biomass o blactur plant 0co e ©,000000 hg's 3 Fuak poveer without trvestment 000 € 0.00 AW
L U 0.00 € £.000000 hg/s ﬁ Censumed by 720 0.00 € 0.00 MwWh
o Gasdlication « water gas shift plant 000 € ©.000000 bg/'s D NOt CONSUMECn with |rvestment 0.00 € 0,00 Wwh
5 Comiined hest and power [CHP| | 000 € ©,000000 hg/'s Pedk power with swestment 000 € 000 kW
g Carnor capture plant neoe £,000000 mal/s Froduced by REF nooe 0,00 MwWh
Huctrotyyer 000 € 0.00 kw Froduced @ 000 € 0,00 $1Wh
[ a0 ©,000000 mal/s i NOL POdUEDOn WIlBOUL Iestment 0,00 € 0,00 MWH
Precipianon collector i 0.00 € 000 m'* Consumed by P25 0,00 € 0,00 MWh
Methanation reactoc ! 0.00 € ©.000000 molis Net production with ivestment 000 € 000 Mwh
Hat exchanger i ucoe 0,0000 kW Frocaced ty REF 000 « 0.00 MWh
Tutal foe goocwwmes 000 € § Comumed by 19 0neo € 000 Mwh
Dy Beomuis storage ngoc 0,0000 by ﬁ NOL LONMEITELION Witho Investret 0.00 € 0.00 \vwWh
Wt Diomiass storage | 000 € 0,0000 b = produced ty P26 0,00 € 0.00 MWh
Biochar storage 0.00 € l 0,0000 4g ANet CONSUMEEIoN With |nvestment 0.00 € 0.00 MW
£ Water storage tack i 000 € 0,0000 maol Water Water consumed by PG noo € n.o0 m'
¥ Orygenicrage tane 000 € 0,000 mal g |Oryblamen bouge 0,00 € 0,00+
" ySeogun shorige unk 000 € 0,0000  mal B Wetbimias booght 000 € 0got
Carton donioe Storage 1ank ! 000 ¢ 0,0000 mol EE Biochar bought 0.00 € 0001
WMethane storage tank i 000 € | 00000 mal g Bochar sold 0.00 € 000 t
Tatal Sor sorages .00 € i Mydrogen sold acof 0.00
# w Cwctrical connmtticn 0580 € 0,00 MW CO2 wmittec 0.00 € 0,00 kg
5 § s conmmction 0.00 € 0,00 MW Fotal henal cost withvo jo 000 €
F R water conmaction L 0,60 m'/M Totat opesational cost with | 0.00 €
3% Total fov conpections 000 € Savings with introduction of P26 000 €
Tatal investment i 000 €
Payott pecind n/a ywan |

12 Figure: Results for GF with high gas prices of methane and 50% subsidy

Source: Optimilization Tool v1.1
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3.1.2 RESULTS WITHOUT SUBSIDIES

Investment apecifications Operational coats for selected perlod

Elemment Price Size Pics Amcunt
Dry araerobic Sgestor | o0t 0,000000 kg/s Produced by REF | o0 < | 000 MwWh
Wet anserobic digestor 0 0,000000 hg/s i Consumed by IF 0ooc | 000 MWh
Dry biomess to blocher plare | 00 ¢ 0,000000 b/ § Wet© motion withost . | 0.00.¢ | 0,00 MWh
Wet bicmass t5 biochar plant | 000 € | 0.000000 ha/s b Penk power without insestment | ome | 000 MWW
Binga sepacutar | ome 0000000 ka/s § Comsumedbypic | ao0¢ | 0,00 Mwh
Gasification + water gas shafiplant | o 0,000000 bg/s = Wet coosumption with mvestment | Q00¢ | 0,00 MWh
g Combined heat and power {CHF| 00 0,000000 kg/s Peak power with investmeant 0002 0,00 WW
£ carbon capture plant | 0 € 0.000000 mol/s Produced by AT® | opoe | 0,00 MWh
Plestraiyaer | ooec 0,00 bW Prodused W | omie | 0,00 MWh
Derminerslicer | Dm « | n,anoom_nd,r- ; Mot production without investment | apo¢ | 0,00 MWh
Precipitation cotiectar | oot o0 m' Corgumed by P2G | opoe | 0,00 MWh
Methsnation resctor 0o 0,000000 mol/s et production with wwestment 0,00 < 0.00 MWh
Heat exchanper | 000 ¢ 00000 kW Produced oy REF (=il 4 | 0,00 Mwh
Total for proceswes 0,00 € i Comawmad by 19 | 000.¢ | 0,00 Mwh
Ory biomsss slorege | 000 ¢ | aoom_l. § et < withoot X | 000 ¢ | DGJM%
Wet biomass stovage | oone 0.0000 hg F Produced ty 920 | o00c | 0,00 MWh
Biochar storage 00 ¢C 0.0000 bg et CONSUMLIon with swestment 000 0,00 MWh
¥ Water storsge tank 0ooC 00000 mo Water  Water consumes by P26 200:¢C 0,00!m’
g Oaypen stormge tank | cpoe 90000 mo! g Dy blomas bought | cone | om0t
F ydragen starage tank { [ 28,0000 me £ Wetbremass bought | oooc | 0,001
Cachon dioeide storage tank | 000 € 0,0000 med — Biochae bought 0.00:¢ 0,00:t
Methane siape tank 0w 0,0000 mod g Biochar sold amic | 000t
Tatal for storeges 0,00 € 2 wyaropen sold oo0ec | 000t
Ef lectricnl cornection | 00 € 0,00 MW O cO3 emitted 0.00¢ 0,00 kg
E Gas consection | oo e i 0,00 MW Tatal iomad coat without o 0,00 «
g ! Water consection ! o0 i 0,00 m'/h Total C > d cont wath i v | m.‘d
3% Total lor conmections 0,00 € Savings with itreduction of P26 0,00'€
Total lwestment 000 €
Payoff period /e _yeary |

13 Figure: Results for GF with  real gas prices of methane and no subsidy

Source: Optimilization Tool v1.1
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Investment specifications Operational costs for selected period
Qry sawnbic digestar | o 000« | 0,000000 ks nm;u_ua D(I—KP . 9?00 ¢ T 0,00 m:?«—
Wt snaerchic digestcr | 000 € | n.mmon'u;h =  Conwamed by IF 0,00 ¢ | 0,00 Man
Ory Binmasy to biochar plast I ocoe 0,000000 bgs's E INet withcut inve ome 0,00 MWh
Wet biomass to blochar plant | aooe | 0,000000 kg's A Pesk pawerwithout iwestmens | L L S 0,00 kw
Bogas separater | 0w0e 0,000000 bg/s g Consumed by P26 ame 0,00 MW

. Geaifwation + woler gas shift plant | Lk S 0,000000 4g's @ INet consumption with investment QmeE | 0,00 MWH

(!: Combined heat and power [CHY) | 000€C | 0,000000 bg/s |Poak POWET wilh wwestment 0.0 € 0,00 kW

I Caron cigturs plint 000 € £0,000000 mols Dreduced by o0 ¢ 0,00 MWh
tuatrclywr 0,00 € 0,00 kW Preduced 1 o0 ¢ 0,00 MWH
Demearalise | cooe 0,020000 fmais ¥ et prodection without ewestmens am¢ 2,00 MWh
Pracimtation collerine | ooe | og0'm Conwaned by PIG { ame | 0,00 MW
Meznanation reactor | a0o€ | 0,000000 moA's Net proguction with ewestmecs 2,00 € .00 MWh
Heat eschanger | 000€E | H,0000 wW Produced by REP QM€ | 0,00 MWh
Total foe processes 000 € Consumed by P | ameE | 0,00 MW
Dry blomass storage | 0.00 € | 0,0000 by é 00« | 0,00 MWh
WO Ditenass S0nge ! 000 € 0,0000 bg = om e 0,00 MWh
T 0,00 € £,0000 by | a0 ¢ 0,00 WS

g Water storage tank 0,00 ¢ 12,0000 mat Wt 00 ¢ 0,00 m’

3 Creppen Motage tank | nooe | 19,0000 mat g  [Orybiomen bought | sme 0,00
Hydrogen siorage tank | a00E | ©,0000 med & Wt hiomass hought i ome 0,00t
Carbon diowide storage tank | oooe | £,0000 mol  Biochar bought 0. € o.00.¢
Methane storage tank | woe | §.0000 Mot g | Blochar sold o.m € | om0t
Total for storages 0.00 € § 'Mydrogan sold i e 000t

1g Eloctrical Connsction | 000€ 0,00 MW CO2 emitied o0 € .00 kg
§ g Gucomecion 000 € 0,00 MW Total fonal cost witheut | e«
§ 3 water connection 000 ¢ 020 '/ Mol lunal coat with | a0 e
* Total for connections 00 ¢ Savings with styoduction of P2G o0 ¢
Total imestment | 0.00 ¢
Payof period nis yrars —— 1

14. Figure: Results for GF with moderate gas prices of methane and no subsidy
Source: Optimilization Tool v1.1

Element Price Slee Price. Amoumn

Dry aroerobi digestor ! 000 € 0.000000 kg/s Produced by AES | 080 € 0,00 Ao
WOT anaarclec dgestor | 000 € i 0000000 wg/s e Consumed by ® | 000 € 0,00 My
Oy blomass 10 biochar plant | 0.00€ 0,600000 Kgfs 3 Netconssmption without imvastmant | 0,00 € 0,00 Awn
Wel Sncenans 10 Mochar plass 000 ¢ 0,000000 kg/s '2 Puan power WIThou! mvkstinast | oo« 0,00 kW
Wogat lepacator 0,00 € 0,000000 kgs j Contumed by 220 | 000 € 0,00 M,
Ganibcation « water gas shift plaet 0,00 € 0,000000 xg/s W Nt cnmempton with investment | 000 € 0,00 Amat,

g Combined heat and power (CHP7) | s« 0,000000 <g/s Feak power with imvestment 060 € 0,00 kW

£ Carbon capture plant | 0.00 € 0,000000 mol/y Frocuced by AFS | neoe 10,00 AW
Electrobyser | e 0.00:%W Froduced @ | 00e 0,00 MW
Oemiwralizer | (7, L S 0000000 mal/s g Net production without mvestment | 040 € 0,00 W
Frocipnation toector | 0.00 % 0.00 w' Consumed by P26 | 0e0C 0,00 M
ARENI NN MO aCtOr | 000 ¢ Q.200000 mollé et produetion with mvestment 0.00.€ 0,00 avamn
Huat archanges 000 ¢ 10,0000 kW Producad by EY | 0,00 € 0,00 Ma
Tortad for precussus 0,00 ¢ § Censumed by 2 | 0,00 € 0,00 Mah
Oty biomass orage | 000« 10,0000 kg g without | ueoe 0,00 MW
Wt Dicman viorage | nnny 00000 xg -3 mnwn& | neo s« ! nw_m
Bocher stocege | oo« i 0,0000: kg Net conwumption with investment 000 € 0,00 A

£ Water ssorage tank | 0R0E 0.0000 ™ol Water | Water consumed by 226 040 € 0.00 '

E' Ouygen storage tank | 000 ¢ 0.0002 mol w | Dry biomass baugnt | 00e 0,001
Hydrogen storage Tank | 000 € 00000 mol Wt iomass dought | 00e 0,001
Carbon gioxde Somge tank | 0.00 € 00000 moi [Bwchar bought 000 € 0,001
Mathune storege Lank 000« 0.0000 mot -] Sochar sold | 000 ¢ 0,001
Furtal fer e 000 ¢ 3 Hydrogen sold | LA RS 0001

iy Slactrical connection | 0,00 € 0,00 MW 9  cozemmied 0,00 € 0,00 kg
7 G conemcion | aooe 0,00 MW Total operstional cost without imestment 090 €
= § ‘wiater connection | 00 0,00 m'fn Tatal op cost with | | 00 €
= ¥ votal for connections 000 ¢ Savings with Introdsction af P2G 0,00 ¢
Total lmvestment ! 0.00 €
Payol! period na yeurs |

15 Figure: Results for GF with high gas prices of methane and no subsidy

Source: Optimilization Tool v1.1
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3.2 1P

The case study of industrial installations produced varying results based on the OT

calculations, which are presented below.

3.2.1 RESULTS WITH SUBSIDIES

Investment specifications Operational costs for selected period

Element Price Stre Price Amoum
Dy anddrobic digoster 0,00 & 0000000 ky/s Produced by NES 0,00 € 000 aTwh
Wat anaerobic digestor 000 € 0000000 kg/s L Consumedty @ 156 000 000,00 € 00 000,00 WY
Dry Dioemass to biochar plamt noe €« nowom_ky' E Net rorsampton without investment 158 000 000,60 € 000 000,00 WYWh
W Biomass S0 Blochar plant 000 ¢ 0000000 kg/v = Pk pOwer Wihout InVesient 438188 ¢ 1083 M7 3T W
Blogas separator 000 € 0000000 kg/s i Consumed ty P26 000 € 0,00 N
. Gavtfication ¢ water gas snift plant 0oe ¢« 0.000000 kg/v W Net rorsanption with ewestmet 158 900 000,60 € 00 000,00 We/h
: Combined heat and power (CHP) 000 ¢ 0000000 kg/s Pudk powet wilh investent 4381988 € 1048 M7 W
__5 Carbon cepture plant 000 € 0,000000: mol/s Produced by RER 000 € 0,00 Nrwn
T Blectrolyser noo ¢ 9,00 kW Prochced © 050 € €70 000,00 MW
Osrminaraloes 0,00 & 0000000 mel/s § Nat preduttion without swesiment 0,00 € €74 000,00 MTwh
Precpitation collector 000 € 0,00 ™" Consumed ty P26 000 € 0,00 Nwh
Methanation reactor noe ¢« 0.000000 mal/s Net production with imvessmenrt 050 € €70 000,00 WTe/n
MGt gxthan ger 0,00 & 0,0000 k'w Produced by RES 0,00 € 0,00 arwh
Total for processes 0,00 € § |Cconumectyw 140 354 924.00 € 375 000,00 MW
Dvy biormass storape noe ¢ 0,0000 kg : Net corsempton without imvestment 40 36192400 € 179 000,00 W
W Biomass sacige 0,00 & 0,0000 kg = produced by PG 0,00 € 0,00 ATWh
Blochar storage 000 € 0,0000 &g Net consamption with ewestment 140 354 924 00 € 3175 000,00 Mwh
£ Water storage tark 0o« 0,0000 mol Water  Water consumed by P26 0.50 € 000 m'
¥ ouygen sodge tank 000 & 0,000 mal g Doy blomais bought 0,00 € 0,001
% Hydrogen storage tank 000 € 10,0000, mol & |Wetbiomass booghe 000€ 0001
Carbon dioside storags tank noo ¢ 10,0000 mal " miochar bought 0,50 € 0,00 1
MOthans STofage tank 000 & 0,0000 maol £ Siodharsold 0,00 € 0001
Total for storages 0,00 ¢ g Hydrogen sold 000 € 0001
£EE Elactrical commection noe ¢ 0,00 MW 9 cD2 emitted 0.50 € 0.00 kg
F & Gas connedtion 000 & 0,00 MW Totad op. | cost without § 318 03 31880 C
é S Water connection 0,00 € 0,00/m"/n Total opes cost with 318 803 118,39 €
= ¥ Tosl for commectioon 0oe « Savings with introdection of P26 000 €
Total evestment 0,00 ¢
Payott period n/a years

_—

16. Figure: Results for IP with normal gas prices of methane and 50% subsidy
Source: Optimilization Tool v1.1
In the first case, the calculation in the Optimilization Tool did not show a significant
change, assuming normal gas prices and 50% subsidy. In that case, as it is shown in
Fig. 16, investment payoff period of 20 years is not enough for any investment in P2G

hub.
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Investmant spocifications
et Pricw St Pricw Asount
Dry anaerobik digestor 2163 371L.19€ 77607 kgl {Prodoced ty REP 000 € 0,00 MW
Wl anserctic digesicn lm.’,ll_l | 0.!“7_Wl = Comemued by 12 xumomwt lmmnom
Dry Blomass to biochar plant 000 0.000000 ks E Net without 158 000 000,00 € €00 000,00 MWH
Wet bioenans to Binchar plant nooe 0,000000 kg s T Peak power without mvestment an sy« 1081 797,37 kW
Biogas saparator 62100 935,69 € 7.30599 kg/fs g Consamed by P26 656,431 967,44 € 2107534 34 MW
. (Gawhcation s watergm wwitplat | mMIELC | 0,561520 gy [Het consumption with investment 55 422967, 14 € 2707 534,14 Mwh
é Combined heat and power [CHF) 0,00 € 0.000000 kgfs Poak power with inveztment 16509430¢ € 3 530 316,796 kW
2 Carbon capture plant . ame 0,000000 mol/s Produted try REP 000 ¢ 0,05 s
" Boareyser | 130005 955,47 € f Preduted 1P 000 € 673 000,00 MW
Deminersltzer 47w ¢ 47151357 mally i Net prodetion without mvestent 000« 673 000,00 MW
Preciprtation collector 1000,00 € £ 000,00/m* Concumaed by P26 000 € 227 253,95 W
Meshanstion rmartor 19230 £30,30:¢ 118,304 malfs Nt prodection with invest=ent 000 € I3 250,9% MWh
HOat oxchanger 141922850 € 28 3845899 kW Produced by REP 0,00 € 0,00 MWh
Total for processes 353 18908422 € Conmmed by 1P 334 52452000 € 173.000,00 MW
Dry BOmass sterage 000 € 0,0000 by é Net gtron without 534 524 92400 € 373 000,00 MWh
Wet biomass siomge ame 0.0000 kg Produred by P25 | 1B 6RILC 1526 47,10 MWH
Beochar ST0ORRY 000 ¢ 0.0000; kg Not ion with -1562 034 506,20 € -1 S47 047,13 MWH
$ Woter storage tank ome | 0.0000 mol Water  Water corsumes by P26 M3IIITE8C 25110008 ™"
% Oeypon storage tank 000% 0.0000 mal w  Dvy eomass Bought 199 545 960,00 & 245 150,001
# jycrogen storage tank nme 0.0000, mol g Wet biomass bought 21 603 330,00 € 12 173,000
Carbon Glends storages task oo | 0,0000 mol  iothar cougnt 0,00 € 0,001
Methane storape tank aoe 0.0000 mol S Hiocharsold .00 € 0001
Total fee stocapes 0,00 ¢ 3 [Hyetrogan sald 0,004 0,007
g § [Bectrical connection M8 E | 27,57 MW CO2amitted 0.00 € 0.00 kg
£ s comuction aoe 0,00/ MW Tetal eporational cust without 752083 11809 ¢
E T \woter connection G71,00.€ 3243 m'/h Total op cost with 265319 438,18 €
3 T yotal fer conmects 1 148,30 € Saviigs with ntrodection of P26 o 307817,03 €
Total Investment | BIATA NS €
Payod! puriod 20,00 yoars

17. Figure: Results for IP with moderate gas prices of methane and 50% subsidy

Source: Optimil

ization Tool v1.1
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In the next case, a P2G hub investment can be made based on the calculation. The

result shows that a large economic saving can be achieved by setting up a P2G hub

if gas prices increase by a factor of five.

Investment specifications

Operational costs for selected period

Flement Price Sire Price Amount
Dry anaecobic digestos Wi0s N € 8587051 kp's Produced ty RED Q0C .00 Mwh
Wet anaerodic digestor 11330 W77 ¢ L13367% kg's E Coraumed by # 153 000 006, 00.€ 600 000,00 MWh
Dry Bicenass 1 biochar plan 000 ¢ ©,000000 kg/s s PO CONSUMOnIoN without iwesTmant 154 000 000,00 € A00 000,00 MWh
Wet blomass to tiochar plant 000 € 0,000000 /s 8 Foak poweer without investment 418389 € 1043 797,37 kW
Biog e separ stor TAM0 M« 0,003 707 xgfy iz Comumed by 220 surranc 11 304,00 MWH
. Gasfiaton + water gas shift plant 42925792 € 4,552516 W' = NOT CONSUMOTION with ivestment 23 35048417 € 631 354,53 MWh
§ Combined hest snd power (CHP) NI VLS C 0,039787 <pfs Pegk power with Inyestment 2991 363,53 € 0600 917,93 kW
é Carton capiung plant 1275301100 € 319,825275 molfs Droduced ty RED LR Q.00 MWh
Eledrotyser d3amaLs e 330 7373 kW Producec @ 00 € 478 000,00 MWH
Durnirverabtzne 1B ¢ 1983, 463930 sl /s ¥ [Nt producton without swvistment 0,00 € 470 000,00 MWH
Precipiation coflector £ 000,00 € 1000,00 m’ Comsumed by 72G 2686,00°€ Ad3 255, BL MWh
Methanation reactor AIN0N1I ¢ 201, 378770 mel/y Net prociuction with mvestment 0,00 € 1321 308,51 MWh
Haat gucharges IES27MaATH 73052 4854 kW Moduced ty RED o0 0,00 MWh
Total foe processes 636083 63471 € g Comsumed by 19 271025 609,00 € 100 000,00 MWH
Dry Beomass storage 2214810894 € 44 296 111 5438 ky T M- etion mitheut 278045 800,00 € 100 000,00 MWh
Wet bioonass storage 112270778 € 48503305583y = Mroduced ty P2G G196 082,10 € 178 335,04 MWh
Diochat 2o age 47 0m 134,21 € 0935 1005644 kg Net convumetion mith testmes -160 119 622,00 ¢ - T 355,04 MWH
T Water storage tank 0m e 0,0000 mot L Water | Water consumed ty 926 102 693,22 € T8 e, m'
;" Quygen storage tank 00o ¢ 0.0000 ~cl » Dry bicman bought 131 986 334,50 € 17 4aTe
o R OFON Storipe Tank 00 < 0,0000 erol ; Wiat Didetvirss bougnt 21 605 800,00:€ 12179500t
Carbon dhcuige storge tank 1B aLNC 62 836 7113031 mol Biochar bought 0.00 € .00 ¢
Methane storape Lok asamar 0 181 411 341,005 mel B ke seld o0 ¢ o001
Total foe storages 353 185 936,22 € £ Hycrogen cold 100 £91,70.€ B
it Tlwetrical connestion SMoinme ¢ 042,70 MW ©  co2 mmittes 110 S48 899,14 € 600977 720,81 by
a1 § Gt CONMECLon 00 € L0 AW Tatal op ional cost without LR TEE R N
£ 3 Waterconnmction 187295 € 2357 m'n Total ope enst with " 83737 187,30 €
Y F Yotal ke connections 426 401,55 € Savings with introduction of 926 15 136 807,90 ¢
Total lnvestesent 1 000 900 000,00 €
Payoll period 2000 ywars

18. Figure: Results for IP with high gas prices of methane and 50% subsidy

If we increase the price of natural gas by a factor of ten in the parameters of the

calculation, even the pre

Source: Optimilization Tool v1.1

-production of hydrogen becomes an economi

cally viable

option. The investment costs of the resulting plant are lower than those of the

previous calculation.
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3.2.2 RESULTS WITHOUT SUBSIDIES

T ice, _size o ics Ancunt
Ory avosrobic dipestor L 185G AL € 7383541\l Produced by REP 0.00-€ | 0,00 MWh
Wl ansercic dgwiton NI 136025 Wy = [Conmemed by i# 1sommoose | 600 000,00 MWh
Oy biomass to hiochar plant 0,00 ¢ 0,000000 kg/s E Net corsumption without swestmant 195 000 00005 € 600 000,00 MWh
Wet Dlomass to Seochar plant | 000 € 0.000000 kg/'s 7 Prak power without Imvestment A/ C 10342 797,37 kW
Bogal wnparater 1608 S 0 4 2,022840 wglh % Cunusmed by P24 uestan e 19 215,92 MWh
. Gasification + water gas shift plant 13587640 € L3257 wg/s a Net comsumption with investmenst W433993:00 ¢ 619 21152 Mwh
i Combined heat and power (CHR} 33799 7,38 ¢ 7393367 kg/s Preak power with imvestment 2186310« 1935553,11 k'w
E Cartan captuie plam 0004 0000000 malfs Procuced by REP 000 ¢ 2,00 MWh
Electrotyser 107835 578,82 € 4313463 kw Produced 1P 00x¢€ 678 000,00 MWh
Oemeerslizer 2337001 € 171356843 molly ? Net production without mvestment ame | 078 200,00 MWh
Procitation coliectoe 2000,00 & 1 000,00 m* Consumed by P2 nos ¢ 45 082,07 MWh
Matranation reactor 12362 D615 € 38 652727 mol/s Net production with Investrment 0.0%€ 730807 Mwh
Hmat macharges 0883 ITLARC 06 832, 7308 kW Produred by REP nme | 0,00 Mwh
Total for precesses WOATI 19308 € g Consumad by 1P 3703560000 € 100000,00 MWh
Ory blomass storage 2018981236 € 25018 9312361 kg § Net corsumption without swestment 37035 600.00' € 100 000,00 MWh
Wt Bromans sorags MINDIZ0L 3713 36,099 kg ¥ Produced by FIG vimmae e 26 301,37 Mwh
Sochar storige 26430 756,06 € 17627190371 gy e ot corsamption with invesment 5073 %588 € 13653,63 Mwh |
2 Water storage tank 003 ¢ 0.0000 mal Water  Water consumed by P26 n3LMmC 1810137 m"
4 Creypam ¥l0rage tank 0,00 ¢ 10,0000, mal v Dry bedemats bought aramorTas e st
§ Hydrogon storage task 0,00 € 0,0000 mal 3 Wt biomass bought WIN0SLNC 1183501t
Carbon dioxide shorage tank 000 ¢ 0.0000 mal "~ Hiochar bought 0,00 ¢ 0,00/t
Mwthuane SLorape Lank 205 NI 48476 145, 9001 mal 8 Blochar ol nooe 0,00/t
| Yotal for storages  womixsesee S §  Mydrogen sold 5750000 € 1300t
2 Electrical connection PEI QLR R 141,52 MW d COZ evetted 0333 TIZBLC 1365 154 256,60 kg
g £ Giscemnacnen 0,00 € 0,00 MW Tetal operational covt without iewestmunt 235 475 93485 ¢
g Water connection S50 € 1. 44m' Total op i cost with T EING
- Total for connections 171 630,06 € Savings with introduction of P2G 521661109 €
Total investmant nouzoss <
Poyot! peciod 2000 years

——

19. Figure: Results for IP with normal gas prices of methane and no subsidy

Source: Optimilization Tool v1.1
For the cases without aid, the first calculation was run with a normal gas price, for
which the above result was obtained. The result shows that the first version of the
unsubsidised cases already includes the production of hydrogen within the resulting

P2G hub.
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Elemant Price Sae Price Amount
Dy anmercbic digestor IManmeme 2,200702 kg/s Produced Sy NI | L 0,00 Mwh
Wt anaerobic digestor 20458 035,45 € 0,524504 hg/s Consumed ty & 156 000 000,00 € B00 000,00 MWh
Ory biomarys to biochar plant | LU L S 000000 kg/s Net cnnpampticn without mvessment L Lol U S 600000,00 Mwh
WeT Blomass to biochar plant n,nqc 0,000000 ki/s ! Podik Sowar without investmeant 43E3Mas 1043 m,n:nw
Biagas s=parator | SWhATHESE 0,543111 hgs i Consumed by 725 | ALMAN038E 32 170,57 MWh
GasiNeation + water gas shift plast | b2 ¢ | Clodlsd ks - Mot consuamptcn with investment | M M8 0T L | A3 15T MW
§ Combined heat and power{CHP) 5526391290 € 7,895553 /s Peak power with Investment 438 71807 € 113741446 kW
E Carbion captire plant Ll ame | 0,000000] mal/y Sruducd by N | LC 0,00 MWh
Electlysar | WEAINLTIC 10 746,47 kW _ Poduced @ i ooe B7E000.00 MW
Oe=matalier ! T A € ! 37,332922 malls ! Net produrtion withos mvest=en! ! 000 ¢ ! 078 000,00 MwWh
Precigitation collecior 002 ¢ 0,00, " Coosumed by 026 000 € -36893,18 MWh
Muthanation reattor | __3mensc | . mells et production with inewstment 050« 094 193,38 Mwh
Hoat axchanger sEMBIZM C 66 7564290 kW fvoduced by AE 000 € 0,00 MwWh
Total for processes 296 857 790,55 € t Coosumed by # | Mimsensoe | 100.000.00 M/h
Dy Bicemais storage 138NN 3500 3620389 by T Metcommamption withoul swestmant 141 045 600,00 € 100 000,00 MWh
Wes blomass storape L3S0 € 638908186 2 Produced by P2G | S245623839€ 30410:56 MWh
Bochar slerage | S04 C | TOCISATN M Nt consarmglen with myvetawnt 1352396184 € 5389,08 N
£ |Water storape tank | noe | 0.0000 mol Witer Water consumed by P2G 17306.01 € 13 696.53 m’
-4 | Caypen orage tank | aone 0.0000 mel w  Dry biomass bought L apIsacee 1At
i Hydrogen storage tank | aoNe 0,0000 mol 3 WOt Deomacs Bought 683308316 € 23674651
Carbion dioxide storage tank | aome | 2.0000 mel — Swcher bought 000 ¢ 050t
Mathane storage tank 96 708 050,33 € 444 511 417 3140 mal & Swocharsold 000 € 000t
Totst for storages 126 180 623,77 ¢ ;2 Hydrogen sokd | ogoe 0001
= ¢ Elcinics connaction Bass 34,96 MW 6 <02 amated SU63157,054 301 083 155,02 iy
£ £ |61 connection | aoe | 0.00 MW Total op cost without | 1947199038 €
£ 5 |warer conmection 0119¢ | 2,80 m'/n Total operational cout with inwstosent 261 600 978,26 €
ve Totad for conmections 13853859 € Savings with Introduction of P2G 77 B71066.55 €
Totad bensmestinuet | arzem:oangs ¢
Poyott period 20,00 years

20. Figure: Results for IP with moderate prices of methane and no subsidy

Source: Optimilization Tool v1.1

21 Figure: Results for IP with high gas prices of methane and no subsidy

Source: Optimilization Tool v1.1
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