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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 explanatory 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 following three cases:

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

e P2G hub at arenewable energy plant (REP);

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

investigation of:

- Natural gas price
o current price
o b5times the current price
o 10 time the current price

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

2.1 P2G 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®.

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 tremendous 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 Kaposvatr, 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 a long history and strategic importance, as well as the electrical and machinery

! Understanding Greenfield vs. Brownfield Investments (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 operation 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 gathers 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 Dombdévar on the main road 61.

During the spring of 2023, the existing main road 67 bypassing Kaposflred will be
improved with a 2x2 lane road, with a design speed of 110 km / h. The planned M9
motorway between Szekszard and Kaposvar is in the most advanced planning
phase. The railway connection of the city is also ensured, on the railway line 40
(Budapest-Dombaovar-Pécs) to Domboévér, then from there on the railway line 41
(Dombovér — Gyekényes). 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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.| |
e Line 35: Kaposvar-Siofok, 100 km, single-track, non-electrified side line
e Line 36: Kaposvar-Fonydd, 54 km, single-track, non-electrified side line

e Line 4L Dombdvar-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 Kaposvéar. Greenfield industrial

investments are being implemented currently too. Industrial parks:

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

e FEastern side of Furedi Ut

2.1.2 PHYSICAL CONSTANTS

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

locations of a P2G hub for Kaposvar

2 Kaposvar 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 largest solarplant of the
country. It is a 100 megawatt solar power plant®. It is 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 Hungary.

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)
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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 to 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

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

€/kW
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= 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
» Capacity cost for gas distribution grid connection 0,53 €/kW
o Water grid
» Unit cost for water grid connection 4,02 €/kW km

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

Project co-funded by the European Union funds (ERDF, IPA)
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22 P2G HUB AT AN INDUSTRIAL PLANT (IP) - TVK,

TISZAUJVAROS

In Tiszaujvaros the Tisza Chemical Combine Public Limited Company (TVK Plc. Or
TVK) is one of the largest chemical companies in 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 shares can be traded on the
Budapest Stock Exchange and the over-the-counter trading system (IOB) of the

London Stock Exchange.

TVK and Slovnaft as. in Bratislava - as part of the integrated MOL Downstream
division - are the leader in the petrochemical industry 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 furthermore 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.
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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 addition 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 polypropylene 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)
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- The waste collection and storage method developed 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 dioxide 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 International 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 Tiszaujvéaros, in Hungary. From 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 Saj6 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 Tiszaljvaros:
Line 89: Tiszaujvaros-Nyekladhéaza
Road connections of Tiszaujvaros:
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 Kft., 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 is 1100-1200 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 implemented 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 of 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 brownfield 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 20184

China-based Unisun Energy Group has built an 11.6-megawatt solar 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 ll 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 power plant fires natural gas and heating oil, and even in 1982 it was

4 Tiszaujvéros Sustainable Energy And Climate Action Plan (SECAP)

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

1¢


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

(@ )))

Interreg H

Danube Transnational Programme

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 with a capacity of more than 80,000 tons, and its own internal

industrial track.

=N CEZETm
3. Figure: Utilities in the area

Source®; https://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

5> yellow = hydrocarbons, pink = district heating, red = electricity, blue = water supply, brown = drainage
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- Total operating income 401695 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 Tiszaujvaros (H-3581 Tiszaujvaros, TVK-

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

Tiszaujvaros is an industrial city in northern Hungary, in Borsod-Abauj-Zemplén
county. The center of the Tiszaujvaros district. It is the fifth most populated town in
the county after the county seat. Tiszaljvaros 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 BlUkk 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-Abauj-Zemplén. Its area of 46.04 km2, TiszaUjvaros
plays a connecting role between three big cities, Miskolc, Debrecen and Nyiregyhéaza.
The establishment of the industrial base began in 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 later (eg Tiszai Vegyi Kombinat, 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 the 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 over 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 Tiszaljvaros established the 140-hectare Tiszaujvaros Industrial 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: Tiszaujvaros 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 resources, 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 were 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 located 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, februartdl indul a termelés |
Kaposvar 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

Transportation:

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 renewal 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: Magvarorszag 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.

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
https://hu.wikipedia.org/wiki/Magyarország_főútjai

(t )

interreg &

Danube Transnational Programme

Optimization tool setup and input parameters

e Grid investment prices:
o Electrical grid:
*» Unit cost for electrical transmission grid connection 2,55 €/kW
km
» Unit cost for electrical distribution grid connection 4,27 €/kW km
= Capacity cost for electrical transmission grid connection 122
€/kW
= Capacity cost for electrical distribution grid connection 163
€/kW
o Gasgrid:
* 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
» Capacity cost for gas distribution grid connection 0,53 €/kW
o Water grid
* Unit cost for water grid connection 4,02 €/kW km

» 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 April 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

Project co-funded by the European Union funds (ERDF, IPA)
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renewable generation, according to the April electricity market report of the

Hungarian Energy and Utilities Regulatory Office.®

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 than 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 significant 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 blending
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

cooperation agreement. The project is expected to be completed by early 2023".

& www.mekh.hu/csucsot-dontott-a-hazai-naperomuvi-termeles-aprilisban
7 Akvamarin projekt alapkéletétel (mfgt.hu)
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9. Figure: Schematic diagram of the project

Source: Akvamarin (mfgt.hu)

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
https://mfgt.hu/Akvamarin

lnterreg

Danube Transnational Programme

MN=armik s T ol
DanuP-2-Gas

)

(0)

3. RESULTS

3.1 GREEN FIELD

From Figure 4 to Figure 9, we can see cases where a P2G hub could be developed as
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.

3.11 RESULTS WITH SUBSIDIES

Price Stre Price Amomnt
Dy andeichic Sgeaor 0,00 ¢ 0,000000: kg/s Froduced by AP 0,00 ¢« 0,00 M
Wet anaerodic digastor 0,00 € 0000000 hg/'s & Consumed by ? 000 € 0,00 M
Dry Btomesz o Blochar plant 000 ¢ 0,000000 kg/s ': Net consumption withoot Investment o« 0,00 WS
Wl bitenans Lo biochar plant 2,00 ¢ 0.000000. kg/s [ Peek power without ssvestment 0,00 ¢ 0,00 kw
Buogas separator 000 € 0,000000 hg/'s o Consumed by P2G 0,00 € 0,00 M
»  Gawfication + wates gas sneft plant 000 ¢ 0,000000 kg/s H Net cunsumpion with |nvestment LU0 o 0,00 MWS
I combined huat and power (C1) 0,00 ¢ 0,000000. kg/y Pwat power With swetment 0,00 ¢ 0,00 kW
g Carton capture plant 00 € 0000000 malf's Sroduced by REP 0,00 € 0,00 MW
Electrofyser 0,00 ¢ 0.00 kv &4 Produced P 0« 0,00 AWS
Dwrniiner plizne D,I):.C 0,000000 mal/s ;; Net production without imvestment 000« 0,00 MW
reuipation collector 0,00 & 0,00 m* Consumed by PIG 000 & 0,00 Mwn
Methanation reactor 000 € 0,000000 mal/s Net production with isvestment o« 0,00 MW
Hut wachanger 0,00 ¢ 0,0000 kv Froduced by RES 0,00 ¢ 0,00 MWH
Total fov processes om ¢ 2 Consumed by 1P 000 4& 0,00 A
Dry blomass storage 0,00 € 0.0000 kg i Net CoNTumEtion WIthout Invessment LULLNE ¢ 0,00 MWH
Wiet ticrmaes storape 0,00 ¢ 0.0000 kg z Froduced by PG 0,00 ¢ ©,00 MW
Buocha Soge o0 ¢ 0,0000 kg NGL COMEUMOLIon with Investsant 0,00 & 0,00 MW
&  Waterstorage sank 0,00 € 0.0000 mal Water  ‘Water consumed by P2G 000 € 0,00 m'
4 Qxygen storape tank 0,00 ¢ 0,0000 mol z Dry bloman bought 0,00 € 0.00 ¢
8 Hydrogun sterage tank 8,00'¢ 10,0000 mal 0 Wet Duomass bought 0,00 & 0,001
Carbon Ghownice storage tank 0,00 € 00000 mal " mochar boupht 000 € .00 ¢
Methane storage tank 0,00 € 0.0000 mol q Sochar aold 000 € .00 1
Total foe storages 0,00 ¢ i Mycrogun seld 0,00 & 0,001
Electral connection 0,00 € .00 MW o _Co2emitted 0o« 0,00 kg
Gas comnection 2,00 ¢ 0.00 MW Total operat cont withoot noo e
Waled connaciicn 0,00¢ 0,00 m'/N Total ational coat with i 000 ¢
_Total for connections ! _hone Savings with introduction of P2G 000 ¢
Total investment 0,00 ¢
Payeld! period wa e

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
Ory anaerobic digestor | 000 € 0000000 Rg/s Sroduced by RED u.oo‘v( 0,00 M
Wet ansercbic dgestor | 000 € 0.000000 *g/s = Consumed by & | 000€C | 0.00 A
Qry Bloman tn biochar plant | 060 € 0,600000 eg/y g Net consumption without immstment | 000 € | .00 ATdh
Wt tuoonass 10 Dochan plant 000 € 0000000 %g/s ! PO power without swestment 020 € 0,00 kW
Eooges separator | 000 € 0.000000 *g/s g Consumed by P26 | 020 ¢ | 0.00 A
atcation » water gas shift plaes | 000 € 0,000000 &gy | Net cantusplon with rvestment | .00 ¢ | .00 ATdh

! Combined heat snd power (CHP} 0,00 € 0000000 45/ Peak power with investment 0,00 € 0,00 xW

ﬁ Carbon capture pkym | 0,00 € 0000000 molfs Srosduced by REP ] LS 0,00 Mwn
Slactschyser | 000 ¢ 0,00 kW | Srodocad © | ce0C | 0,00 Arwn
Demineralizor | 000 € 0.200000 mel/s ! et production without swestment | 000'€ | 0,00 Aven
Frecpastion coliectar | neo« 0,00 ' | Cenaumed by P26 | 080€ | 0,00 Mram
MENINGEN0N NGaCt0r | 080 € 2,000000 moi/c et p with J 0,00 € 0,00 Arwvm
Heas eucharger | 000 € 0.0000 W | Produced by REP | 000:€ | 0,00 ATem
Total for procwssns 000 € 2 Commumed by ) | ogoc | 0,00 AT
Dry blomass storage | 000 '€ 00000 kg é Net consumption without insestmant 000 € 0,00 Mwn
Virt thomass storage | 0.00 € 0.,0000 &g | E  produoed by PG ] 00 6,00 M
Bucchee oo ige | 000 ¢ 00000 kg | NOL CONBENRLIon wilh iveitment 000 ¢ 0,00 Arevh

£ Waterstonage tank | 000 '€ 00003 ot | Water ‘Water consumed by 726 0.00/€ 0,00m'

5 Oygen vlorage ank | 050 € 0.0000 et 4 Drybioman bought | omec aoot
HyCrogon storage tank | aL0C 00000 Mol 3 Wt Deomiass Dought 000 ¢ 0001
Carbon dloxsde storage tank | uco € 0,000 ol | __Bucchar bougnt 0.40/€ 0.00t
Methane storape Lank | 0.00 € 0.0000 mci §  Weocher sold | o 0,001
Total for stoeag: 000 € S Fydrogen sold 000 € 0001

g Electrical connection | 0.00 € 0,00 %W | <02 emitted 0.00'€ 0.00 kg
i T Gascosomction | 0,60 € noonw Yotal opes stional cost without investiment 0,00 €
£ ¥ water coonection [ 000 € 000 m'/n Total op 1 cost with & [ 080 €
S % rotalfor 0,00 € Savings with Introduction of P26 0,00 €
Total investment | 000 <
Payott period n'a yean = |

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 Mrlew Slew Mlew Aot
Dry andercec dygestor 000 < | ©,000000 bg/s Produced by RER 000 € { 000 Mwh
Wet anaerobic dipestor 000 € 0.000000 kg/'s & | Consumed by i? 000 € 000 Mwh
Dry Seomans to Decchar plant 000 ¢ ©,000000 kg/s E Net nPRIon Withoat : 0.00 € 0,00 Mwh
Wt hiomass O briactur plant 0co e ©,000000 hg's 3 Fuwak poveer without trvestment ueo« 0.00 AW
L U 0.00 € £.000000 hg/s ﬁ Censumed by 720 0.00 € 0.00 Mwh
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 Carson capturs plant 000 € ©,000000 mal/s Frodoced by REF 000 € i 000 Mwh
Hactrobyyer n.oo € 0.00 kW Froduced @ 000 € 0,00 $1Wh
Durmif s 0.00 € ©,000000 mal/s ! DNOL prEduUCnon WItBOUL Ieesiment 0.00 € 0,00 MWh
Precipianon collector 0.00 € 000 m* Consumed by P25 000 € 0.00 MWh
Methanation reactoc | 000 € 0,000000 molis Net production with iwestmernt 000 € 000 Mwh
et exchanger 0.00 € 0,0000 kW Frocaced ty REF 000 « 0.00 MwWh
Tutal foe goocwwmes 000 € § Comumed by 19 noo € 000 MWh
Dy Beomuis storage ngoc 0,0000 by i 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 AT CONSUMEEION With |nvestment 0.00 € 0.00 MW
£ Water storage tack i 000 € 0,0000 mal Water ‘Water consumed by P3G o0 « neo m'
; Ouygen stcrags tane 0.00 € 0,0000 mal g |Oryblamen bouge 0,00 € 0,00
F yySeogun sorige nk 000 € 0,0000 mal B Wetbiemios bogght 0.00 € 0201
Carton donioe Storage 1ank ! 000 ¢ 0,0000 mol EE Biochar bought 0.00 € 0001
WMethane storage tank 000 € 00000 mal g Bochar sold 0.00 € 000 t
Tatal Sor sorages .00 € i Hydrogen sold aooe 0.00
# w Twetrical connmcticn 080 € 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 €
8 T otsl sov connections 000 € Savings with introduction of P26 000 €
Tatal nvestment 3 0.00 €
Payotf peciod n/a ) de

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 Pries Amcunt
Dry amaerobic Sigestor | o0t 0,000000 kg/s Produced by REF | o0 < | 000 MwWh
Wt anserobic digestor 0 0,000000 hg/s = Consumed by IF 0ooc | 000 MWh
Dry biomess to blocher plare | 00 ¢ 0,000000 kg/s § Net consumption withost investment 0.00.¢ | 0,00 MWh
Wt bicmass &= biochar plant | 000 € 0.000000 ha/s b Pank power without ineesteent | ome | 000 MWW
Biogas sepacatar | omoe 0,000000 ks §  Commumedbybic | aooje | 0,00 Mwh
Gasification + water gas shafiplant | o 0,000000 bg/s = et Consumption wmith mvestiment | Q00¢ | 0,00 MWh
b eat and powes (CHF) ! s 3k power with Investment } 00 W

g Combined heat and {CHP! 00 0,000000 kg Pe 0002 0,00\

g Carbon capture plant | omc 0000000 mo(s. Produced ty AT® | 000.¢ | 0,00 MWh
Flectrotyver | opoe 0,00 bW g  [Producedip | ome | 0,00 MWh
Derminarsliser | Dm « { n,anoom_nd.-- f Mot production without investment | 000¢ | 0,00 MWh
Precipitation cotlectar | ot 0 m' Corgumed by PIG | opoe | 0,00 MWh
Methanation resctor 0o 0,000000 mol/s et production with wwestment 0,00 < 0.00 MWh
Heat exchanper %00 c 00000 kW Produced oy REF (=il 4 | 0,00 Mwh
Total for proceswes 0,00 € i Cormarnad by 19 | 009.¢ | 000 MWh
Ory biomsss slorege | 000 ¢ | aoom_l. § et < withoot X | 000 ¢ | ommm
Wet biomass stoage | 000€ 0.0000 kg F  Produced by P20 | oooic | 0,00/ Mwh
Biocher storage 00 ¢C 0.0000 bg et CONSUMLIon with swestment 000 0,00 MWh

¥ Water storsge tank 00 € 00000 mo Water  Water consumes by P26 200¢ 0,00!m’

g Qaypen stormge tank ! coo € | T 0000 maed g Dry blomass bought | oo ¢ | oot

# ydrogen starage tank { oo € 80000 met £ Wet bremass bought ] oo0c | 0,001
Cachion dioeide storage tank | o000 (_ 0,0000 med = Biochae bought 0.00:€ 000:t
Methane siape tank 0w 0,0000 mod g Biochar sold amic | 000t
Total for storeges 000 € 2 Wyaropen sold Qo0ec | 0,00t

g § Pectrical cocnection | om0 € 0,00 MW O cO3 emitted 000c 0,00 hg
£ E Gas consection | oo e i 0,00 MW Tatal iomad coat without o 0,00 «
S ! Water consection | o0 i 000 m'h Total C > d cont wath i ¢ | q.oo.‘c
3 £ otal for consections 000 € Savings with ntreduction of P26 0.00'€
Total lwestment 000 €
Payoff periad Bl yeary |

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

Source: Optimilization Tool v1.1
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. tlumest Prica sice ] | (RO : i

Qry sawnbic digestar | opos 0,000000 ks Produted by 859 9,00 €

Wt anaerchbic digevtcr | aco€e | 0,000000 bg/s =  Consamed by IP om ¢

Ory binmasy to biochar plast ! oooe 0,000000 bgs's E INet withcut inve e

Wet biomass 1o blochar plant | aooe | 0,000000 kg's A Pesk pawerwithout iwestmens ame

Bogas separator | e | 0,000000 bgfs g Consumedby P26 M€

. Geaifwation + woler gas shift plant | 000 € | 0,000000 4g's @ INet consumption with investmont QmeE

g Combined heat and power [CHY) | 000€C | 0,000000 bg/s POak Power wilh swestment 0.0 €

I Caron cigturs plint 000 € £0,000000 mols Dreduced by o0 ¢

testrolyr 0,00 € 0,00 kW Preduced 1 o0 ¢

Dumimraliser 000 € 0,000000 mal/s ; Nt production without Fwvestmest qm‘t

Pracimtation collerine | ooe | og0'm Conwaned by PIG { ame

Meznanation reactor | a0o€ | 0,000000 moA's Net proguction with ewestmecs 2.00.€

Heat eschanger | 0o0eE £,0000 AW Froduced by #EP ame

Total for processes 000 € Consumed by P | om €

Dty blomass storage | LT L S 0,0000 by é 8,004

WO Ditenass S0nge ! 000 € 0,0000 by = ame

T 0,00 € £,0000 by | a0 ¢

g Water ticage tank 0,00 ¢ 12,0000 mad Watwt 2,00 €

a Creypen sorage tank | 0o € | ©,0000 maod 3 Ory tecenam Soughe 9,00 ¢

Hydrogen storage tank ! 000 € ! ©,0000 mad & (Wet hiomast bought .00.€

Carbon digwide stocape tank | L S 2,0000 mol Biochar bought Qm &

Methane storage 1k | o00e 16,0000 mot g Biochorscis om €

Total for stocages 0.00 € § ‘Hydrogan sold 000 ¢

1g Eloctrical Connection | 0o0e | 0,00 MW CO2 emitied o0 €

§ g Gucomecion 0004 0,00 MW Total fonal cost witheut | e«

§ 3 water connection 000 ¢ 020 '/ Mol lunal coat with | a0 ¢

* Total for conmections 00 ¢ Savings with styoduction of P2G o0 ¢

Total imestment | 0.00 ¢

PayoH! period nls yrars T |

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

Element Price Slee Price. Amoun

Dry anoerobic digestor | 0.00 € 0000000 kg/s Produced by AES | 0,80 € 0,00 MW
VIO ansarce degestorn | 000€ 0000000 hg/s e Consumed by ® | 000/€ 0,00 M
Oy blomass 10 biochar plant 000€ 0000000 Wg/fs 3 Netconssmption without imvastmant | 0,00 € 0,00 MY
Wel Sncenans 10 Bochar plast 000 ¢ 0,000000 kg/s '? Puan power WIThou! mvkstinast | oo« 0,00 kW
Wogat lepacator 0,00 € 0,000000 kg/fs 3 Contumed by 220 000 € 0,00 M,
Ganifacation « water gas shift plaet 0,00 € 0,000000 xg/s W Nt cnmempton with investment | 000 € 0,00 Amat,

g Combined hest snd power (CHP) s« 0,000000 <g/s Fuak power with investment 000 € 0,00 kW

£ Carbon capture plant | 0.00 € 0,000000 mol/y Frocuced by AFS | neoe 10,00 AW
Elestrodyser | 00 € 0.00 %W Froduced @ | owe 0,00 MY
Oemiwralizer | (7, L S 0000000 mal/s g Net production without swestment | 040'€ 0,00 W
Frecipaation toector | 0.00 € 0,00 m' Consumed by P26 | 0.00 € 0,00 Mwn
AN NALON M0t | 0,00 & 0,000008 mol/s NGt OQULION with Wwestmant 0.00 € 0,00 vwn
Huat archanger 000 ¢ 10,0000 kW Producad by EY | 0,00 € 0,00 Ma
Tortad for precussus 0,00 ¢ g Centumed by &2 | 0,00 € 0,00 Mah
Oty biomass storage | 000« 00005 %y ﬁ Nut consamption without trewstment | 0po 0,00 A,
Viwt Dicean viorage | 0.00 ¢ 00000 kg *  Froduond by P2G | 080 € 0,00 AT
Bocher stocege | oco e 0,0000: kg Net consumption with irvestment 000 € 000 MwWn

£ Water ssonage tank | 000 € 0.0000 mol Water | ‘Water consumed by 226G 000 € 0,00 '

E Ouypen storage tank | 000 € 0.0002 ™ol o Doy biomass baught | 0,00 € i 0,001
Hydrogen storage Tank | 0.00 € 00000 mol g Wt iomass dought | 0,00 € 0,001
Carbon gioxde Somge tank | 0.00 € 00000 moi [Bwchar bought 000 € 0,001
MaThd N STOreRe Tank 000¢ 0.0000 mot - | &ochar sold | 000 ¢ 0001
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
£ § G cooewction | aooe 0,00 MW Total opesstional cost without imestment 000 €
= § 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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32 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
Dvy brormass to biochar plamt noe ¢ 0.000000 kg/v g Net corsanpton without imvestment 158 000 000,60 € 200 000,00 WS
W Biomass o Biochar plant 000 ¢ 0000000 kg/v = Pk power WiThout InWesLent 438188 ¢ 1083 M7 3T W
Biogas separator 0,00 € 0,000000 kg/'s ; Consumed ty PG 0.00€ 0,00 MWH
. Gavtfication ¢ water gas snift plant noo« 0.000000 kg/v 0] Net rorsampton with ewestment 158 000 000,60 € 00 000,00 Meh
: Combined heat and power (CHP) 000 ¢ 0000000 kg/s Pudk powet wilth investaent 4381988 € 1048 M7 W
_9 Carbon tapture plant 000 € 0,000000: mol/s Froduced by REF 0,00 € 0,00 Nrwn
T Electrolyser 0o« 2,00 kW Frochced 1P 050 € 70 000.00 MYWh
Osrminaraloes 000 & 0000000 mal/s § Nat preduttion without swestment 0,00 € €78 000,00 arwh
Precpitation collector 0,00 € 0,00, m* Consumed ty P26 000¢ 0,00 Mwn
Methanation reactor noo« 0.000000 mal/s Net production with invessmert 0,50 € €70 000,00 WTA/N
MGt gxthan ger 0,00 & 0,0000 kW Produced by RER 0,00 € 0,00 areh
Total lor processes 000 € ; Consumed ty & 140 35492400 € 375 000,00 N
Dvy biormass storape noo ¢ 0,0000 kg § Net comvamption without imvestment 140 36152400 € 179 000,00 WVévh
W Biomiass 2ocage 0,00 & 0,0000 kg = produced by PG 0,00 € 0,00 ATWh
Biochar storage 000 € 0,0000 kg Net consamption with ewestment 140 354 924 00 € 175 000,00 Mwh
£ Water storape tark noo« 0,0000 mol Water  ‘Water consumed by P26 0.50 € 0,00 m"
¥ onygen o tank 000 & 0,000 mal w Dy Blomait bought 0,00 € 0,001
% | mydrogen storage tank 000 € 10,0000, mol 8 et biomass boge 0.00'€ 0,001
Carbon dinside storage tank noe« 0,0000 mal = Riochar bought 0,90 € 001
Mothans STofage lank 000 € 0,0000 mal .J: Biochar sola 0,00 € 0,001
Total for storages 0,00 € : Hydrogen sokd 000€ 0,001
£F Elactrical comrection noe ¢ 0,00 MW 9 cD2 emitted 0,90 € 0.00 kg
a“ E_ Gas connection 000 & 0,00 MW Totad operationdl cost without imvstiment 318 803 31880 €
£ 3 \water connection 0,00 € 0,00;m"/h Total ope cost with 318 803 118,39 €
= ¥ Tosl for commectioon 0oe « Savings with introdection of P26 090 €
Total iewestment 0004
Payott period nfa years Oy Sece o

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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Llwinent Pricw Saw Price Asount
Dry anaerobik digestor T EL T 77607 kgl Prodoced by REP | ot | 0,00 MWH
Wl anserctic digestcn | 1800 08T 17 € | O.MJ_N‘/l = Comemued by 12 | 19% 000 000,00 € | £OC 000,00 AMAR
Dry Blomass to biochar plant | 000 0.000000 /s s Net without € | 1Me0000000€ €00 000,00 MWH
WL bigenans to Binchar plant | nooe 0,000000 kg s T Peak power without mvestment | ABINAVE 100 7T kW
Biogas saparatoe | 6230093563 € 7.30599 kg g Consamad by P26 | GSGAATME | 210752414 MWN
. (Gawhcation s watergm wwitplat | mMIELC | 0,561520 gy [Het consumption with investment L WESARIIAC | 27074 MWh
§ Combined heat and power [CHF) 0,00.€ 0000000 kg/s Poak power with inveztment 165034304 € 3 530 316,796 kW
2 Carbon capture plant . ame 0,000000 mol/s Produted try REP | o0e | 0,05 s
" Borrotyser 130005955.67€ . | 144004, 7%] Preduced 1P 000.€ 73 000,00 MWH
Deminersltzer L Arsamme A7 1357 mally i Net produetion without mvestwrt ! ooos 673 000,00 MW
Preciprtation collector 1000,00€ £ 000,00/m* Concumaed by P26 000 € 227 253,95 MW
Meshanstion rmartor | BNOMOIC | TIAI4M molls Net prodection with invest=ent 000 € I3 250,9% MWh
HOat oxchanger 141922850 € 28 3845899 kW Produced by REP 0,00 € 0,00 M
Total fee processes 53 288 04422 € Conwgmed by 1P L 3MNMSMNE 373 000,00 MW
Dry BOmass sterage 0,00 € 0,0000 iy é Net gtron without 534 524 92400 € 379 000,00 MWH
Wet blomass viorage | ame 0.0000 kg = |Produced by P25 L OIMBOMARILC 1560471 MWh
Beochar ST0ORRY 000 ¢ 0.0000; kg NOT CONSUMPLIon with bWestamnt -1562 034 506,20 € -1 S47 047,13 MWA
$ Woter storage tank | ome | 0.0000 mol Water  Water corsumes by P26 M3IIITE8C 25110008 ™"
% Oeypon storage tank noes 0.0000 mal w Dy eomass bought 149 545 960,00 & 345 150,001
# yyerogen storage tank | noe 0.0000 mol 3- Wet blomass bougnt | 0033000€ 12 173,000
Carkon Glende storge Lk 0,00,¢ 0,0000 mol T Biother bought 0,00 € 0,001
Methane storape tank | aoe 0.0000 mol S Hiocharsold | nooe 0n0e t
Total fer stocapes 000 ¢ 3 [Hyetrogan sald | 000e | 0,001
g § [Bectrical connection | IssewE | 27,57 MW CO2amitted 0.00 € 0.00 kg
£ s comuction | ame 0,00 MW Total cporational cust without | mzeasnmas
E T \woter connection | T 3243 m'/h Total op cost with . L EIBABILC
3 % votal fer connects 15 148,30 € Saviigs with ntrodection of P26 o 307817,03 €
Total Investment | BIATA NS €
Payod] puricd 20,00 yoars |

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

Source: Optimilization 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 digestor Wi 0382 <€ 8587051 Rg's Mroduced by RED Q.00 < 2,00 MWnh
Wet anaerodic digestor 11320 W3, 77 ¢ L13367% kg's E Coraumed by » 153 000 006, 00.€ 600 000,00 MWh
Dy Bicenass 1o biochar gdam 000 ¢ ©,000000 kg/s g PO CONSUMOnIoN without iwesTmant 153 000 000,00 « A00 000,00 MWh
Wet biomass to tiochar plant 000 € 0,000000 /s ;‘- Foak power without investment 418389 € 1043 797,37 kW
DO Separ ator 7471 039.91/¢ G003 787 &gy Z Cormumed by P20 53087 1139 ¢ 11 304,090 MWH
. Gasfication + water gas shift plant L29%25792 € 4,552516 W' =2 HOT CONSUMPTIO with Fvestment 335048417 € 631 354,53 MWh
S Combined hest pnd power (CHP) I WL € 0,039787 <pfs Peagk power with Inyestent 2891 363,53 € 060 917,93 kW
é Carton capiun plant 1275301100 € 319,825275 molfs Droduced ty REP 0,00 ¢ ©,00 MWh
Eledrotyser d3gmaLss e 330 7373 kW & Produces @ 00 € 678 000,00 MWh
Durnirverabtzne 1116288850 ¢ 1983, 463930 sl /s ¥ [Nt producton without swvistment 0,00 € 410 000,00 MWH
Precipiation coflector £ 000,00 € 1000,00 m’ Consumed by MG 2680,20 '€ A43 355, BL MWh
Methanation reactor AN 00,13 € 201, 37720 mel/y Net prociuction with mvesteent 0,00 € 1321 308,51 MWh
Haat gucharges IES27MaATH T3 058 4854 awW Moduced ty RED o0 0,00 MWh
Total foe processes 636083 63471 € ; Comsumed by 19 71 025 009,00 € 100 000,00 MWh
Dry Bomass storage 21401089 € 44 256 211 %420 % Nt COnBUMEtion mitheut investment 272045 600,00 € 100 000,00 MWh
Wet blomass storage 1270778 € 249033055815 = Produced ty P2G 190813 € 178 355,04 MWh
Diochat 2o age 47 0m 134,21 € 0935 1005644 kg Net convumetion mith testmes -160 119 622,00 ¢ -0 355,04 MWH
g |Wator storage tank 000 € 0,0000 ot | Wates | Water consumed by $2G L menne measm
Z Qrygen storage tank 00 ¢ 0.0000 mel p DrySioman bought 171 846 334,50 € 7478
o R OFON Storipe Tank 00 < 0,0000 erol }‘; Wiat Didetvirss bougnt 21 605 800,00:€ 12179500t
Carbon dhcuige storge tank EERNCEE AN 62 836 7113031 mol Brochar bought 0.00 € 5.00 ¢
Methane storape Lok saMs 0t 1851 411 541 0056wl B ke seld 6,00 ¢ o000
Total foe storages 353 186 938 22 € ; Hycrogen cold 100 891,70 € 13481
g ¢ [Fiwetrical connestion sMoinm ¢ 64,70 MW © o0 emittes 110 S48 899,14 € 600977 720 by
5 § Gt CONMECLon 00 € L0 AW Tatal op ional cost without LR TEE R N
£ 3 Waterconnmction 187295 ¢ 2957 '/ Total op | cost with 83737 187,30 €
Y ¥ yotal e connections e A5 € Sanvings with introdection of 926 S e M0 90 ¢
Total lnvestesent 1 000 000 000,00 €
Payolf period 2000 ywars

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

Source: Optimilization Tool v1.1

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

calculation, even the pre-production of hydrogen becomes an economically 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

Investment specifications Operational costs for selected period

Sloment Mico_ S = ! RSnES i o Amount
Ory avosrobic dipestor 155662 M4 13 € 7383541\l Produced by REP 0.00-€ 0,00 MWh
Wl anserctic dgeston NI e LeRs2s kv > Cunamed Dy 1@ 192 000 DOO, 00 € 600 000,00 MWh
Dry biomass to biochar plant 000 ¢ 0000000 kg/s E Net corsumption without swestment 155 000 000,05 € 600 000,00 MWh
Wet biomass 1o Beochar plant 000 € 0.000000 kg/s T Prek power without Investment A1 IS 1033 797,37 kw
Bogals wmparatin WCE ALY 212080 s % Cunuumed by P20 Meptan e 59 215,92 MWh
. Gasifcation + water gas shift plant 13587640 € L3257 wg/s a Net comsumption with investmenst W433993:00 ¢ 619 21152 Mwh
g Combined heat and power (CHP} I\ 7393367 kg/s Prak power with imvestment 31463171 € 1935553,11 k'w
E Caron captuie plamt 0,004« 0000000 malfs Produced by REP 000« 2,00 MWh
Electrotyser 107835 578,82 € 4313463 kw Produced 1P no0x¢ 678 000,00 MWh
Demeerslizer 23001 € 171356843 molfy ? Net production withoust mvestmect 00 c 078 000,00 MWh
Procitation coliectoe 2000,00 & 1 000,00 m* Conmumed by P2d 0,00 ¢ 45 082,07 MWh
Metnanaton reactor 12362 D615 € 38652727 molls Net production with Investrment 000 € TR U7 MWh
et macharger neRIITLAR E Lt Produced by REP 0o« ©,00 Mwh
Total for precesses A0ATI 19308 € g Consumad by 1P 3703560000 € 100 200,00 MWh
Ory blomass storage 2018981236 € 2501893123068 kg i Net corsumption without swestment 37035 0000 € 100 000,00 MWh
Wwt Somans torags HINZRYE 713 36479 kg = Prostuced by FIG 17351 503 € 86 301,37 Mwh
Sochar storige 26430 756,06 € 17627197378 Ny e Nat coramption with inveszment L Somwessd | 13653,63 Mwh
o Water stocage tank 003 ¢ 0.0000 mal Water  Water consumed by P26 B35 MmC 18 100,37 m'
4 Creypem Slirags tank 0,00 ¢ 0,0000, mal " Dry tndemats bought 67 07788 € asaret
3 Hydrogon storage task 0,00 € 0,0002 mal 3 Wt biomass bought 2InosznC 1183650t
Carbon diowide ssorags tank 000 ¢ 0.0000 mal ~__Hiochar bought 0,00 € 0,00 t
Muthane Storage lank 25 N7 42806 195, 2001 mol g Mlochrsold 0,00 € 0,00/t
____Totalfor sterages | M04132850€ o g  |Mydrogen sol 57 500,00 € 13,00t
g H Elnctrical connection PEI QLR R 141,52 MW d COZ evetted 0333 TIZBLC 1365 154 294,60 bg
S & Gasconnecion 000 4¢ 0,00 MW Total operational comt without ewestiment IS AT A ¢
g 5 Water connection 86820 € 11,14 m" Total op i cost with manrmind
= * Total for connections 1T 630,06 € Savings with Introduction of P2G 521661109 €
Total investmant T2 081,05 €
Payott peciod 20,00 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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Investment specifications

Operational costs for selected period

Elemant Price Se Price Amount
Dy anmercic dgestor 1744 M\l'l l.nw.u[- roduced Sy RIF i 000« 0,00 Mwh
Wt anaerobic digestor 20458 035,45 € 0,524504 hg/s Consumed ty & 156 000 000,00 € B00 000,00 MWh
biomarys to beochar plant 00 € G,000000 kg/y Net cunpamption without imwestment 1¥8 000 00000 € 600 000,00 MWh
ory . X 1 |
WeT Blomass to biochar plant o,ngc 0,000000 ki/s ] Podik Sowar without investmeant 438335 € 1043 m,n:m
Biogas separator 520585485 € 0,543111 ks E Consumed by 725 |31 304300.58 € 32 1057 Mwh
GasiNeation + water gas shift plast b2 ¢ Clodlsd ks - Nt cansuampbcn with investment | M M8 0T L 4310657 MW
§ Combined heat and power {CHP} 5520391290 € 7895553 Wgfs Peak power with Investment 458 11407 € 118721446 'W
£ [cmbon captire plant ) 0,00 ¢ 0,000000 mel/s Sruduced by N1 0.00 € 0,00 MWh
Elecurnlyser WA ITLTLC 10 M6.47 kW . Podoced ¥ 000« 67E 000,00 Mwh
Demmatalier TN 65,53 € 37,3%2922 melly i Nt produrtion without mvest=en! 000 ¢ 078 000,00 MwWh
Precpitation collector 00x€ 0,00, " Coosumed by 026 000 € -36893,18 MWh
Muthanation resttor K668 € a8 molly Nt preduction with inewstment 0o € O34 200,08 MWh
Hoat axchanger sEMBIZM C 56 TS0 A0 kW fyoduced by AEP 000 € 0,00 MwWh
Total for processes 296 857 790,55 € 5 Coosumed by # ) | 141 033 600,00 € 100.000.00 M/h
Oy bicenas storage 1833 E1.M™C 33013620588 by T Nt Conpamption without mwetmant 141 035 800,00 € 100 00,00 MWh
Wes blomass storape 3299520,55 € 658 908 1096 kg 2 Produced by P2G 5245623539 € 30410:56 MWh
‘Baochar slzrage jfmoaasc LIS AT Wy Nt consamglion with mveatmwnt 1352336184 ¢ 389,08 M
£ |Water storage 1ank 000 € 0.0000 mol Witer Water consumed by P2G 1730601 € 13 69653 m'
5 'Dly;-n Borage tank o00 ¢ 0otme mel w Dy blomass bought 1700735004 € st
Hydrogen storoge tank  mol ot Romass . 651
d ge 000 € 0,0008 ma| Wi 683308346 € 2436765
Carbion dicxide storage tank ame | 2.0000 mel — Swcher bought 000 ¢ 050t
Mathans storage tank 96 708 050.33 € 144 511 417 3140 mal i Siochar sold 000 € 000t
Totsl for storages 126 180 623,77 ¢ 5 Mydrogen sokd 060« 000t
g ¢ Elctncsd connaction Bass 34,96 MW 6 <02 aminted SU63157,054 101 083 15500 iy
e E 521 connection 000 € 000 MW Total op cost without L 1mansase e
% 5 [ warer conmacticn 101,14 € 2,480 '/ Yotal operational cost with | 261 600928,25 €
v s Total for comnections 13853853 € Savings with Introduction of P2G TTB71066.55 €
Totsd bevwstineet | ArzeE:oanss «
Payolt perod 20,00 yean

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

Source: Optimilization Tool v1.1

e e Sew
DMy INSer0lic dhgestor L larImemM e 7018085 wp/s
Wt srusrubic digustor I3 430 340,00 € 1MIBAT ky/s
Oy bioemass 10 tsochar plant 0m ¢ 0,000000 kg)'s
WL DNOMISS TO DIOCI plant 00 ¢ 0000000 kg/s
(Blages snparator A5 3<a220m € 2,573300 ag/s
. (GasiNeatian + water gas il plams o« 0, 738002 kgl
¥ combieed raan and power (Ce} 35312 007.63 ¢ 2301713 /s
§ |Cebonzaptue plant 0.00 € 0,000000 rmarl/s
Flecyrolywer 196 363 030,10 € 74534,02 kW
Desmineralues 455313863 ¢ 283, 504665 mol/s
Precpitatinn collecior 200000 € 1000,00 m*
| Matharation reactor 199N 23200 € 61480053 mal/s
Heat exchanger 68533121 € B8 3484121 kW
Tt for procees 522 200 455,51 €
Oy bigmass sTomge 2425 WE,33 ¢ 2425 436835 kg
WA DIOTASS STotage S3aMLI2C T16% 7122043 oy
| Wiochar storage o7 MeT 8 C 0NN g
§ Water stocage tank 0,00 ¢ 0.0000 mal
¥ Onygun storage tane 000 ¢ 00000 mal
s Mydrogen vinrage tane ool € 00000 mal
Carbiom dioxide storage Tank 1641601246 € | 20520015575 ol
Muhusw STotigy tank | A I02M030 € | 431 233 238318 mwl
L Tt lor vtarages IECTECE T B
2 & Beancd wonecion 19 W12 € 196,26 MW
§ Gias connection o0 ¢ 0,00 MW
5 5 | watar connecion 53,48 € 15,92 m'/m
=% Yot for comections 120 554,56 ¢
Tartat benvwstinet | BAD 00 37%,91 €
Pwyaft period 20,00 years

Operational costs for selected period

Price. Aemount
Iyoducer by RE® | 1000 « 0100 Mwh
Consumed by @ | 170000000.00 € 000 000,20 WWh
E Mot ¢ tion withmt 198 000 000,00 € 000 500,00 NWh
3 PEOR QOWRS WENOUT | IveStment a5k IM AN € 1043 037 awW
i Consumed by P26 | seranoec 136 113,70 MTWh
= Neat convangbon with investrent | MO AST € TH6 210,70 MWn
Pk gOWEr with | frvestmant BLedmAs ¢ 1549 11530 0w
Produced by NIF 000 € 0,00 Mwh
Sroduced & 0.00 € G7%.000,00 MWh
! AL AEdUCTIOn WANOHT HyesTIsa Nt oo € 67 SO0.00 MWh
Conzumed by P26 1won s € -33 864 A5 MY
Nt produmnon werh investment 0.00 € 01 €02.45 Mwh
Sruducu by e | 100 € 000 MWH
; Consumed by @ 271 033 800,00 € 100 000,00 Mh
g et ConsEmpBon without investment | 271035 60000 € 100 500,00 Mwh
Srotoced by 20 202834 12596 € 138 200,50 MWh
Nt pticn with 371034 € -AK 000,00 MW
Water  Water consumed by PG 20033 € 2072.56'm'
» Dy biomass bought 26 501 36,38 € pL L ERLN)
3 Wt ticmans Sought 11345374701 € €902,30 ¢+
T &eochar bought 000 € 0001
g meechwsold 0.00 € 0.00 1
§  ycrogen sz 23 300,00 € ap0t
9 co2emnted SUSTOSTAL ¢ 201 141 956,82 ag
Tutul operstional cist without | w0 a7199489 €
Total ope cost with ARG 18645007 €
Saviogs with introduction of PG WA E2TSISAE &

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

Source: Optimilization Tool v1.1
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The introduction of P2G at high gas prices (10x) in an industrial plant is calculated to
have a huge savings potential. In this case, the production of hydrogen will reappear,

albeit in small quantities. The return on investment here is 20 years, as in the other

Industrial Plant calculations.
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3.3 REP

Calculations with renewable energy sources have not led to significant results. The
results suggest that an investment in a P2G hub installed next to a solar PV
renewable energy source may represent a cost saving, but such an investment, like

a greenfield investment, is also not cost-effective in any of the cases studied.

3.3.1 RESULTS WITH SUBSIDIES

Investment specifications Operational costs for selected period

Eloment rice Size Mrice Amount
Dry anserchic cigestor 000 ¢ 0000000 wg/s Prodoced by REP 2522362,20.€ 16 673,00 MWh
Wet anserubic digestor onc ¢ 0.000000 kg/s & Commumed by 1P 000 C 0,00 Mwh
Ory Brcmass 10 Biochar plies 000 ¢ 0000000 kg/s E Nat oo without -252186220 ¢ <10 &TR00 MWh
Wot Diommass to biochar plam 00X ¢ 0000000 xg/s ] Poak power without Investmant 080.€ 020 W
Foges separstor 000 € 0000000 kg/s i Coneymed by P2G 000 € 000 Mwh
Qakbication » water gas soaft plant 0oe ¢ 0,000000 kg/s = Néd consumplion with investmeet 00 ¢ ~J0 6100 MWh
§ Combinod haat and powar |CHP) 0,00 € 0,000000 %g/s _Poak power with investmant | 0g0€ | 000 W
é Carbon capture plant 0w« 0000000 moi/s Produced by REP 00 0,00 Mwh
Flectrtaby v noo e 0,00 kW Producsd P 000 ¢ 0.00 MWh
Daminaralizar 000 € 0,000000 mol/s g NET SEOOUCTION WITHOUE VSTt 000 € 020 Mwh
Precipitation collector 0,00 € 0,00 = Coneumed by P2G 000 € 0.00 Mwh
Methanation resctor 0oe ¢ 0.000000 =wl/y Net prodaction with investrent 0,00 € 0,00 Mwh
Hoat axchangel 000 & 0,000 kW Prodoced by REP 000 ¢ 0,00 Mwh
Total for processes 000 € i Corcumed by P 000 € 0.00 MWh
Dry Gioman storage 00e ¢ 0,0000 kg ;' Net co without Fvestmes 080 € 000 Mwh
Wt Diormais Alocage 0,00 ¢ 0,0000 kg F  troduced by 920 020« 0,60 Mwh
Biochar storage 0w e 0,0000 kg . _Net contumption with Investment 1| 000 ! 0.00 Mwh
= Wmerstorage tank 0,00 € 0,0000 ™ol Viater Water coreumed by P2G 0.00 € 000 m'
¥ Cutygn sTCCaps Lark 0,00 ¢ 0,0000 ol w  Dry Blomass bough 0,00 /¢ 0,001
a Hydrogan saovage tank 0,00 € 0,0000 moi a Wat tiomass bought 000 € 000t
Carbon chowide storape Tank 0,00 € 00000 mol " Biochar bought 0.00 € 0,00 1
Methane s2ormge tank 0,00 ¢ 0,0000 ol g eochar woid 000 « 0,00 ¢
Total for storages 0,00 & §  tycrogen sold 020€ 000t
¢ = Electrkal connection 000 ¢ 0,00 MW e CO2 emitred 0.20€ 060 vg
2 § s comection 0,00 € 0,00 MW Totsl operstionsd cost without -2522 062,20 €
£ 2 water connacticn 0,08 ¢ 0,00 o'/ Total cperationat cost with iswestment 0,00 €
5 ¥ Yotal toe connections | _ome Savings with intreduction of P26 2522 362,20 €
Total investment 000 ¢
Payed! period ofa poars

22. Figure: Results for REP with real gas prices of methane and 50% subsidy

Source: Optimilization Tool v1.1
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Elesnent Price Slze Price Amoont
Dy aeamraiiie digestor | 0ooe 0,000000 bg/s Sroducsd by IEP Lo Amen e | 10 673,00 MWH
Wt anaerobic dgestor | 000 € 0000000 Ag's 2 Consumed by P 000 | €00 MW
|Dey biomass to biochar plant | ome 0,000000 bg/s f Net ¢ PTON Without | asaesiMe | <30 673,00 MWH
Wt bicmas to beochar plamt ! LK S 0,000000 bg/'s T Peek power without investment { 080 ¢ | 0,00 kw
{Brogas sepacator | opee 0,000000 Ag/s § |Consumed by pio ) | L .00 MW
Gasification + water gas suft plant | 000 € 0,000000 bg/s D Nt consumEtOn With Invesbment 00€ | <30 675,00 MW
§ Combined heat and power (CH) | noee 0.000000 4g/s [Peak power with Swvestment 040'€ 0,00 kW
2 |Cartion capiure phant | nooe 0,000000 mol/s Sroducud ty NEY | oe0e 0,00 MWH
Electrotyser | 000 € 0,00 W Froduced o0E 0,00 MiA
Demvnenalizer | 0.00€ 0,000000 moy's g | Net production without Investrment 0L0€ 0,00/ MW
| Precipitation coflector | nooe 0.00 m* Comumed by P26 | ogole | 0,00 MW
MUIPanaton fuactns | 0,00 € i 0,000000 malfs NSE Erediscticn wilh itvestmant 0,00 € 0,00 MW
|Hoat exchanger 000¢€ 0,0000 W Procucad ty REP 000 € 0,00 MWh
Total for processes 000 ¢ ‘ Consumed by 1P | 050 € | 0,00 MWN
Dry biomass storage | 000 05000 by § without | ooe 0,00 MW
Wt biomass S10Mage 0,00 € 00000 kg = Produced by P26 0,00 € 0,00 MWH
Biochar storage | 0oee 00000 bg Net consumetion with investment 000 € 0,00 MWH
g Water storage tank | noe 05000 mol Water | Water comumed by P3G 000 € 3,00 m"
2 Oxypen storage Tank | 0,00 € 0,0000 mot o Dry blomass beught o€ | 600
3 Hydrogen storage tank | 0,00 € 0,000 mot 3 Wit biomass bought og0€ | 0,00t
Carhon diowide storage tank | ooee 0,5000 mod "~ miochar bought 000 € S.00't
|Methane storage tank | nooe 0,000 mol 2 mechar wid | e 6.0t
Total for storages 0,00 € S Hydrogon sold 0,00 € 600t
£ § Electrical connection | ooze 0.00 MW S co2emitted 000 € 9,00 kg
§ E Gas connwetion | nooe 0.00 MW Total opecational cont without L asneasac
§ B water connection | 0,00 € 0,00 m'/h Total operational cost with 0,00 ¢
“ § 7otal for connestions 000 € Savings with lntroduction of P2G 2521653,54 €
Total imvestment | o
Payol puried wa yours

23. Figure: Results for REP with moderate gas prices of methane and 50% subsidy

Source: Optimilization Tool v1.1

Investment specifications Operational costs for selected period

W Price Slee Price Amount
Dry anmrobic dgustor { aose | L.O00000 kg /s Sroducud by NED LoasnEsssme 10875,00 MWh
Wet snaorobic digestor 000 € 0.000000 hg/s Consumad by ¥ 0 0,00/ MWh
Dry biomas to biochar plant | L 0.000000, kgf's g Net consumEtion without Imvestment | ASUERMC | 0ETIA0 Mwh
WL Liomass 10 blochar plant i 00s <€ | nm_k;lc B Sk power without Mwestment | 6,00 ¢ | 0,00 kw
Blogas separator 000 € 0.000000 hg/s 5 Consumed by P26 600 ¢ 0,00 MWh
Gastiication + wwter gas shift plant ooee | 0.000000, kg/s 5 Net consumption with investment | o0c | M0 673,80 Mwh
§ Combined Baat and power [CHP) i 0os < | n.nuncm:w‘ Pk power with invesment 0,00 ¢ 0,00 kw
ii {Carbon capture plant oee | 0.000000 mol/s Produced by REP | ome | 0,00 MWh
Blectrolysar | aose | 0,00 kW Sroduced @ | ooe | 0,00 Mwh
Daminaraiasr aose | 0000000 mel /s ; Not preduction without westmunt | eoe | 0,60 Mwh
Precipitation collectar e | 0,00 m* Consumed by P26 | ome | 0,00 MWh
tetharation resctor ] 0oee | 0.000000 mal/s Net production with swestment 0,00 € 020 Mwh
Ieeat exchinger ase | 0,000 kW Sroducud by RED | owe | 0,60 Mwh
Total for processes 0.00 € §  [Coosumedby | ome | 0,00 MWh
Dry blomass storape | oose | 0,0000, kg § Mot comumption wittout Investment | ooe | 0,00 Mwh
WA Blomass storege aose | 0,000 kg = Producd by 926 | gwe | 0,00 Mwh
Blochar starage 0.00 € | 0,0000 kg Nat consumption with investment 0,00 € 0,00 MWh
2 Water storape tank ! 000 € | 00000 mol Water ‘Water consumed by 726 0,00 € 0.80m*
¥ Ouygen storage tank ase | 0,0000 mol @ [Oryblomass beught | swe | g0t
& Hydrogen storage sank e | 0,0000 mol g Weet Diomass Dougnt | 0,00 ¢ | 000t
Carbon dicide storage tank | nooe | 0,0000 mol "~ mocha bought 0,00 ¢ 080t
Méthars Q0uge Tank oose 0,0000 mol 2 Siocharsold | LACHS | oot
Total for storages 000 € § Hydrogen sold | 00c | 000t
§ § [Pectrical connection | aooe | 0,00 MW S cozemnted 0,00 € 0.0 by
£ Gas connection 0ose .00 MW Totul opérationd] cost without investeent 252165354 €
g ¥ | water connection owe 0.00 m'/n Total op costwith | 8,00 ¢
= Total for - 0o ¢ Savings with introdaction of P2G RATL A RS
Tetal lvestinent 0,06 ¢
Payott pesiod wa years e TGy |

24. Figure: Results for REP with high gas prices of methane and 50% subsidy

Source: Optimilization Tool v1.1
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3.3.2 RESULTS WITHOUT SUBSIDIES

Investment specifications

Operational costs for selected period

Dry anserobic digestor 0,00 € 0,000000 bg/s
Vel anmmrotse dgestol o0« n.mm'ny.
Ory biemass 10 biochar plant 0.0« 0,000000 bg/s
Wet biomass to teochar plamt 0.00€ ,000000 +g's
DR I WO | 0,00 ¢ o.mm_ny.
« - Gaufication + water gas shift plant a0 ¢ 0,000000 bg/s
8 Combined hest s power (KR} 0.00'€ 7,000000 bg's
2 Carman capture plant 0,00 ¢ 0,000000 mol/s
Electrofyser a00C 000 kW
Teminaralizer 0,00 € 9,000000 mol/s
Srocpration colieczor 0,00 ¢ 020 m*
MELNaNation reactor 9,00 0,000000 mol's
Huat wachanger 0,00:¢ ©,0000 kW
Total for processes 0,00 €
Dry blomass somage 200 C 0.0000 g
Wl Bicrnaeh storage 0,00 ¢ 0,0000 kg
Buxchar Stovage 0,00 € ,0000 by
£ Vimes smorage tank DALY .0000 mol
¥ Onygen storage ek 0,00 € £,0080 mol
'a Hydrogen storage tank 0,00 € ©,0000 mol
Carbon Gicxice storage tank o%0'C .0000 mol
ANethan e storage Lank 6,00 ¢ 0,0000 mol
Total for stoeages 0,00 €
2 ¢ Flectrical connection 0.00/¢ 0,00 MW
3 £ Gascomeactico 20 0,00 MW
g ¥ warer connection 0,00 € 000m'h
= ¥ Total fee 0,00 €
Total investsant | 0,00 ¢
Payott period nis yean

Produced by REP IS0 10 675,00 Aran
= [Comvaned by I# 0,00 € 0,00 MWh
E Net coe without 252185354 € <100 675,00 Mwn
? Pesk power without Investraent 000 € 0,00 W
g Comemedby P26 0.00 € 0,00 arwn
o Net corsumption with investment 0,00 € 10 675.00 Mwn

Pesk power with imvestment 0.00 € Q.00 kW

Produted by REP 000 ¢ 0,00 aren

Produced IP 0,00 € 0,00 MWwn
g Net prodiction without mvestment 0,00 € .00 Mran

Conmamad by P2 0,00 € 0,00 MW

Net production with Investrment 000 € 0,00 MWW

Producsd by REP 0,00 € 0,00 M
E  Concumad by P 0,00 € 0,00 At
£ Netoorsumption without ewestment 0,00 € 0,00 MwWn
F produced by MG 0,00 € 0,00 arwn

Not consumption with mveszment 000 € 0,00 MY

Water  Water consumed by P26 0,00 € 0,00 m*
v Dy inomas bought 0,00 € noo
E Weat biomass bought 0,00 € 000t

Blochar bougttt 0,00 € 0,09t
L Mocur ol 0,00 € noo1
S Mydrogen sold 0,00 € 0,00t
C  cOzemwtted 1,00 € 0,00 kg

Tetal fonad comt without & SRS BSNS54 0

Total op: 1 with 0,00 €

Savings with introduction of P2G -2 52165058 €

25. Figure: Results for REP with real gas prices of methane and no subsidy

Source: Optimilization Tool v1.1
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Price Amount
|Ory anusrobic digester | 0,80 € ©,000000 ks Preduced by REP | rsnesasac | 10875,20 MWh
Wet anaercbic digestor 000 € 0,000000 Ag/s Consumed by 1P | 0.00€ 0.00 MWh
|Dry bilormass to biochar plant | 050 € 6,000000 bg/s g phien without L oRmenac -10673.00 MWh
(Wt o mass 10 Biochar plant | 0,60 € | ©, 000000 s B t'uu POWE WItHOUE InVeSEanl | 0,00 € | 0,00 h'e/
Blogas separatoe 000 € 0,000000 Ag/4 § Consumed by PXG | 000 € 0.00 MWh
(Gasthication + water gas shift plant 050€ ! 6,000000 bg/s W Net comaumpticn with imvestment | L2 UL S 1067300 MWh
§ Combined heat snd power (CHP} 080 € ©, 000000 b's Pask powef with inveilment 0,00 € 000 ke
= Carbon capture plamt 080 € 0,000000 mol/s Produced by REP | 000 € | 0,00 MWh
T Eactiolyser | op0e 0.00 AW Produced 1P [ om0€ 0,00 MWh
Darsanaral e | 060 ¢ 0, 000000 mol's Net eodution without mvestmant | 0,00 € | 0,00 Mwh
Precipitation coliector 000 € 0,00 m Consumed by P2G | 000€ 0,00 MWh
Methanation resctor | 0g0c 6,000000 mol/s Net peoduction with Investment 020 € 0,00 Mwh
[eat Gxchanger | 0,80 € 0,000 kW Preduced by REP | seoe | 0,00 MWh
Total for processes 000 € g Consumed dy @ | o€ 0,00 MWh
|Dey bilomass storage | as0c 0,0000 bg ¥ [Netoomaumpticn without " | amlc | 0,00 Mwh
Wt Blomass sI0nge | 050€ 0,0000 kg = Preduced by 026 | oo 0,60 MW
Blochar storage | 080 € 0.0000 g Net coraumption with ivestment 000 € 0,00 MWH
2 Water storage tank | 050€ { 0,0000 mot Water  Water torowmed by P2G 000 € 000 m*
¥ Ouygun sorige tank | 000 € 0,0000 Ml w  |Dey bnoeais bought | o0 | 000t
& Hydrogen storage tank 000 € 0.0000 m2A g Wet blomass bought | 000 € | of0t
(Carbon dioside storage tane . 050 € { 04000 mol Riochar bought 000 € 0501
|MUthans Starage tenk | 080 € 0,000 mal £ Bocursold | s0€ | 000t
Total for storages 0,00 € £ ydrogen sod | 0poe | 000t
g § (Becticat comnection | 050 € 0.00 MW ©  colemtied 000 € 0,00 bg
2 & Gas connection | 000 € 0,00 M/ Total al Lost without § | -rsnssisac
| ¥ water connection | 080 € 0.00 m'/h Total op cost with | 0,00 €
= _Totel for connectionn 0,90 € Savings with introducticn of P26 2521 851,54 €
Total wwstment 000¢
Payoft pedod na years

26. Figure: Results for REP with moderate gas prices of methane and no subsidy

Source: Optimilization Tool v1.1

Flrment Price Slew Price Amoust
Dry snasrcizic tigestor aec | 0,000000 &g/'s Peocucad by REP ‘@mAC | 1067300 MWh
Wit smaevoaes digestor a0 ¢ 0,000000 kg's = [Conwemed by @ apee | 0,00 MWh
_Drv toa s 3o Sochar plant G008 C 0.000000 l‘/l E Net conuanption withoat Mmvestmem | »IV)ﬂIM'( | -10 675,00 Mwh
Wet bicman to bocher plent noo e | 0.000000 &g’y T (Pesk powar wetout irvertment | ooe e | 0,00 W
Wogwn wiator 8,00 € 0,000000 kg/s § Canvemned by 272G aosc | 0,00 MWh
Gentfication « weter gas shi®t glard Q.00 € 0.000000 l‘/t -~ Net conuumption mith invectment a0 C | ~1D 873,00 MWh
Canvsined haat e powsr (CHF) eme | 0.000000 4t Paak power was et 00ve 0,00 kW
I Carbon capturw plact aooe | 0.000000 =ol/s Peoduced by RIP | aoee | £,00 Mwh
lectrabyum a00 ¢ 0,00 AW Peoduced 1P aose | 0,00 MWh
e i ol Qe 0,000000 oi's } Nt prodiction withsest iy etment o€ 0,00 MWh
Pracipation collector eoe ¢ 0,00 w' Comuamed by 226 oose | 0,00 Mwh
Wathanation rescsor oo« 0.000000 mal/s Nt prodiction with imetment oo« 0,00 Mwh
Tt wachanger goec | 2,0000 4W Peoducad by REP ooee | 0,00 MWh
Tustal foc po 2,00 ¢ g |conwmed by s aosc 0,00 MWh
Dry bearmans stormge 0,00 C 2,2000 &g § Net conmamption mithoat mvestmen ﬂm.t 0,00 MWh
Wit bemarn Sorage 900 € 2,200 &g F  produced by P30 oo | 00 MWh
Bt storige 800 ¢ 23,0000 4y Mot n with 008 € oo Mwh
H Watut stccage Lank oo 2,000 ez Water  Watir catnutwd by FIG aoec 0,00 ="
5 Depame dneage tank LT-1s 2/0000 el u  [Dry beomes Bougnt a0 ¢ 0001
W iydroges stcrage tank 0,00€ £,9000 masl B Wt hioman bought aoe € 0,004
Carbon diade Kimige Sank a8 ¢ 23,5000 Bicchar bought 900 ¢ o001
Mathans stccage Lok aoe ¢ 2,0000 | £ Micche soud a0c ¢ ago1
L Total fer magus e e =— & iytrogen wld ane ¢ 8001
z E Hlectrical conraction L0 100 W L mgggma_g_~_‘_‘___ -0 £.00 kg J
§ & e amneesen a8 ¢ 0,00 v Total op withist asnmime
é 3 watstcormectizn a8 ¢ a0 wih Total i q with i 00 ¢
F utal Ser cennections apee wmum-o-umuvm 2u2 e8I
Total Irnnestennt 9004
Papoll puriod w4 yoirs

27. Figure: Results for REP with high gas prices of methane and no subsidy

Source: Optimilization Tool v1.1
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