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ABBREVIATIONS 

 

10x  Ten-fold  
CP  Connection point 
GF  Green field 
IP   Industrial plant 
NG  Natural gas 
NIZ  Northern Industrial Zone 
OT  Optimization tool 
P2G  Power-to-gas 
REP  Renewable energy plant 
UWWTP Urban wastewater treatment plant 
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1. METHODOLOGY 

The current Pre-feasibility study is conducted with the help of the D2G Optimization tool (OT) – a software 

instrument developed under the DanuP-2-Gas project. On the basis of a series of input parameters, present 

in the Biomass and Infrastructure databases and reports1, the OT provides data on the optimal 

parametrization of a potential P2G hub investment. This includes its sizing in terms of power, throughput, 

yield and the like, as well financial estimates like simple payback period and the amount of investment 

required. 

Three main scenarios are simulated with the objective of making an optimal selection of a P2G hub location. 

The results from simulations are analysed for economic and technical feasibility: 

• Green field (GF) investment scenario  

Under this scenario, the P2G hub is located near favourable infrastructure assets like connection 

points (CPs) to the gas grid, substations with enough free power capacity, transport hubs for supply 

and delivery of goods, e.g., biochar, as well as biomass sources with cheap and abundant supply 

possibilities. 

• Industrial plant (IP) investment scenario 

Under this scenario, the P2G hub is located on the premises of an IP, preferably a big natural gas (NG) 

consumer. The possibility for NG supply from the P2G hub to the IP is validated. 

• Renewable energy plant (REP) investment scenario 

Under this scenario, the P2G hub is located on the premises of a REP, preferably a big electrical energy 

producer. The possibility for REP supply of electrical energy to the P2G hub is validated from 

economic feasibility perspective. 

A set of input parameters of each of the three scenarios are varied within predefined boundaries, which 

results in the sensitivity analysis part of the current Prefeasibility study: 

• 50% subsidy 

It is normal for innovative and high-risk projects to be backed up by some form of subsidy. In our case 

we investigate the results if a 50% subsidy is used. 

• Ten-fold (10x) increase of NG prices 

Nowadays we witness that such deviations are realistic due to geopolitical conflicts and exploring 

alternative options for NG supply, including innovative and still expensive ones like P2G, have to be 

on our radar. 

 

 

 

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

Table 1 Case Studies Matrix 

Scenario 0% Subsidy 50% Subsidy 10x NG prices 

I. P2G & GF P2G & GF P2G & GF 

II. P2G & IP P2G & IP P2G & IP 

III. P2G & REP P2G & REP P2G & REP 
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2. CASE STUDIES 

The case studies are designed around available assets located on the premises of the Northern Industrial 

Zone (NIS) in the city of Gabrovo (see the figure below). 

Figure 1 Northern Industrial Zone - Gabrovo City (Source: Google Maps) 

 

The area of the NIZ is marked with a thin red line. The assets of interest for our prefeasibility study are the 

following: 

• Urban Wastewater treatment plant (UWWTP) – Gabrovo 
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The plant is located in the northern part of the NIZ. It can be used as a biomass supplier of a P2G hub 

because of its annual output of sewage sludge of the amount of 3,887 tons. 

• 110 kV electrical substation – Gabrovo 

The electrical substation is located in the bottom half of the map of the NIZ. It can easily be upgraded 

to have additional capacity of between 10 MW and 50 MW against an investment of between EUR 

18,000 and 250,0002. As a consequence, the substation can be used as an electrical CP for the P2G 

hub. 

• Photovoltaics (REP) 

It is planned that photovoltaics with capacity to produce 16,388.83 MWh annually will be installed 

on the premises of 38 companies in the NIZ. For the needs of our prefeasibility study we assume that 

the companies will be able to utilize not more that 50% of that energy and that the rest will be 

supplied to the P2G hub. In that respect the P2G will act as a balancing agent. 

• Big NG consumer – industrial plant (IP), etc. 

Citygas Bulgaria JSC is the local gas utility. It owns and operates the gas transmission and distribution 

grid in several Bulgarian regions, including Gabrovo and the NIZ. A potential P2G hub is in the position 

of supplying part of the NG for the needs of Citygas’ clients. The annual sales3 of the gas utility 

company for the year 2018 reached 89,228 thousand m3.  

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

http://www.interreg-danube.eu/danup-2-gas
https://webapps.eso.bg/capacity/
https://www.ситигаз.бг/%D0%B8%D0%BD%D1%84%D0%BE%D1%80%D0%BC%D0%B0%D1%86%D0%B8%D1%8F-%D0%BF%D0%BE-%D0%B7%D0%BF%D0%BF%D1%86%D0%BA/
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3. RESULTS 

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

the simulations are available in the Appendix. 

3.1  POWER TO GAS HUB AS GREEN FIELD INVESTMENT 
(SCENARIO I) 

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

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

3.1.1 WITHOUT ANY FORM OF SUBSIDY (0%) 

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

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

Figure 2 P2G & GF (0% Subsidy) 

 

3.1.2 WITH SUBSIDY (50%) 

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

parameters supplied. Expectedly, the calculated simple payback period decreases to 3.04 years.  
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Figure 3 P2G & GF (50% Subsidy) 

 

3.1.3 WITH 10X INCREASE OF NG PRICE 

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

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

 

3.2 POWER TO GAS HUB ON THE PREMISIS OF BIG NG 
CONSUMER (SCENARIO II) 

Under Scenario II it may be again assumed that the P2G hub is built on the premises of UWWTP – Gabrovo. 

In that way the advantages of Scenario I can be preserved as well as the P2G hub can be connected to the 

local gas utility – Citygas to sell methane. 

3.2.1 WITHOUT ANY FORM OF SUBSIDY (0%) 

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

parameters supplied. The calculated simple payback period is estimated to be 5.0 years.  
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Figure 5 P2G & IP (0% Subsidy) 

 

3.2.1 WITH SUBSIDY (50%) 

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

parameters supplied. Expectedly, the calculated simple payback period decreases to 3.0 years.  
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Figure 6 P2G & IP (50% Subsidy) 

 

3.2.1 WITH 10X INCREASE OF NG PRICE 

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

the parameters supplied. The calculated simple payback period is estimated to be 5.9 years.  
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Figure 7 P2G & IP (10x NG price increase) 

 

3.3 POWER TO GAS HUB ON THE PREMISIS OF REP 
(SCENARIO III) 

Under Scenario III it may be again assumed that the P2G hub is built on the premises of UWWTP – Gabrovo, 

providing that it will be possible to connect it directly to the grid of the planned for investment photovoltaics 

in the NIZ. In that way: (i) the advantages of Scenario I can be preserved, (ii) the P2G hub can be connected 

to the local gas utility – Citygas to sell methane, and (iii) the P2G hub can act as a balancing agent for the 

companies in the NIZ that plan to produce electrical energy. 

3.3.1 WITHOUT ANY FORM OF SUBSIDY (0%) 

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

parameters supplied. The calculated simple payback period is estimated to be 4.2 years.  

http://www.interreg-danube.eu/danup-2-gas
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Figure 8 P2G & REP (0% Subsidy) 

 

 

3.3.1 WITH SUBSIDY (50%) 

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

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

 

 

3.3.1 WITH 10X INCREASE OF NG PRICE 

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

the parameters supplied. The calculated simple payback period is estimated to be 4.2 years.  
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Figure 10 P2G & REP (10x NG price increase) 
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4. CONCLUSIONS 

The main results of the investigated scenarios are summarized in the table below. It can be concluded that 

NG prices has to increase tenfold from their 2018-2019 price levels to make methane production feasible. 

Otherwise, production of oxygen, hydrogen, and biochar provides healthy financial margins at the prices 

assumed by the OT. 

Table 2 Case Studies Results 

Scenario 
Main 

Characteristics 
0% Subsidy 50% Subsidy 10x NG prices 

I. 

Payback 5.0 years 3.0 years 7.8 years 

Investment EUR 4.8 million EUR 2.4 million EUR 13.2 million 

Production 
Facilities 

Oxygen 
Hydrogen 
Biochar 

Oxygen 
Hydrogen 
Biochar 

Methane 
Hydrogen 

II. 

Payback 5.0 years 3.0 years 5.9 years 

Investment EUR 4.8 million EUR 2.4 million EUR 9.0 million 

Production 
Facilities 

Oxygen 
Hydrogen 
Biochar 

Oxygen 
Hydrogen 
Biochar 

Oxygen 
Hydrogen 
Biochar 

Methane 

III. 

Payback 4.2 years 2.6 years 4.2 years 

Investment EUR 4.8 million EUR 2.4 million EUR 4.8 million 

Production 
Facilities 

Oxygen 
Hydrogen 
Biochar 

Oxygen 
Hydrogen 
Biochar 

Oxygen 
Hydrogen 
Biochar 

Methane 
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APPENDIX I OPTIMIZATION TOOL PARAMETERS 

 

1. P2G & GF with 0% subsidy 

DanuP2Gas 

Optimization Tool - BG - GF - 0perc.xlsm
 

2. P2G & GF with 50% subsidy 

DanuP2Gas 

Optimization Tool - BG - GF - 50perc.xlsm
 

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

DanuP2Gas 

Optimization Tool - BG - GF - 10x.xlsm
 

4. P2G & IP with 0% subsidy 

DanuP2Gas 

Optimization Tool - BG - IP - 0perc.xlsm
 

5. P2G & IP with 50% subsidy 

DanuP2Gas 

Optimization Tool - BG - IP - 50perc.xlsm
 

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

DanuP2Gas 

Optimization Tool - BG - IP - 10x.xlsm
 

7. P2G & REP with 0% subsidy 

DanuP2Gas 

Optimization Tool - BG - REP - 0perc.xlsm
 

8. P2G & REP with 50% subsidy 
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DanuP2Gas 

Optimization Tool - BG - REP - 50perc.xlsm
 

9. P2G & REP 10x increase in NG price 

DanuP2Gas 

Optimization Tool - BG - REP - 10x.xlsm
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