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Introduction

This research was developed within the project Hydromethane (ETEPHM) faced by FPTI-Paraguay, where the main topic being the CO2 capture from sugar-distilleries plants
distributed throughout the Paraguay.

The viability study Is presented considering the capture of the carbon dioxide from generated during the fermentation in the ethanol production process from a technical and an
economic point of view, and then use the CO2 to synthesize methane , following the principle of the Sabatier reaction, reacting hydrogen and the captured carbon dioxide at high
temperatures and pressures to transform them, using a catalyst, into water and methane. (the hydrogen required is obtained by water electrolysis). Experimental tests conducted by
[1] found a final composition of 64% CH4, 29 % H2 and 7% CO2 in volume terms. Whereby the resultant methane can be described as hydromethane, due to the presence of
hydrogen gas. H2 content should not exceed 30%, to avoid problems both in the transport and combustion.

ODbjective

The main objective was to evaluate the technical and economic viablility of capturing the CO2 emitted during the fermentation of sugar cane distilleries plants in Paraguay as an
Input to be used In the synthesis of a potential fuel capable of replacing the natural gas called hydromethane (mixture of hydrogen and methane), referencing certain scenarios
developed under the current situation of the department of Alto Parana, Paraguay.

Methodology

Different CO2 capture systems were found In the literature, being chosen the
system shown in the Figure 1, referencing [2], it includes the necessary data to
perform the technical and economic analysis.
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Another project that uses the same concept proposed Iin this work for the
synthesis of hydromethane is the E-Gas project from Audi. The Company is
establishing a portfolio of sustainable energy sources by producing a
sustainable fuel, the E-Gas (synthetic methane) [3], in which it is proposed to
use renewable electricity (generated by wind or solar), water and carbon
dioxide to synthesize the E-Gas. The plant produces the E-Gas in two stages,
electrolysis and methanation, as shown in Figure 2 In the first stage, the
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Figure 1. Schematic of the CO2 capture plant considered in this work »
Source: [2] (lllinois State Geological Survey, 2006) T
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Figure 2. Schematic of the production process of the E-Gas
Source: [3] (Audi e-gas project, 2014)

Results and Conclusions

This paper considers the catalytic hydrogenation of the captured CO2 (also
known as the Sabatier reaction) to synthetize methane, the Sabatier reaction
states that it is necessary 5.5 kg of CO2 for each kg of H2 in order to obtain the
stoichiometric composition of methane [2], or Iin other words, In order to
produce each kg of CH4 it is necessary 0.5 kg of H2 and 2.75 kg of CO2.

In order to estimate the viability from the economic point of view, the unit cost of
CO2 capture per ton is calculated, this cost Is directly related to the equipment
Installation and operation costs, as shown in the Equation

C Power requirement of the Equipment from the
ACO2

CO2 capture plant

Cony =
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Cco2=unit cost of CO2 capture (US$/ton); Cycoz=annual cost of CO2 capture (US$/year)
P 4c02= Annual CO2 generation in the ethano plant (ton/year)

The annual carbon capture cost is given by:
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Figure 3. Schematic of the CO2 capture plant considered in this work

C;=Annual investment cost (US$/year); Com=Annual operation&maintenance cost (US$/year) Source: [2] (lllinois State Geological Survey, 2006)

Cccr = Greenhose Gas Emissions costs (US$/year);  C;,s=Inputs cost (US$/year)
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scenarios A and B respectively. Table 1 shows the data taken into account for

the analysis of each scenario according to the Sabatier Reaction, which states
that for each kg of CH4 are needed 2.75 kg of CO2.

Table 1. Data for each scenario
Source: Own Elaboration

In order to optimize the capture process is necessary to optimize the
operation of the compressors.

2. The main result of this paper expresses a capture cost of 15.49 US$/ton
and 30.98 US$/ton for scenarios A and B respectively, demonstrating

technical feasibility but not necessarily an economic viability, simply
because the cost of CO2 capture found in both scenarios it Is not
within the range of the reference capture costs found In the
literature[4-6], as shown in Figure 4

A 24.591.050 8.942.200 14.904 3. Yet it is important to note that when considering a larger amount of
B 12 295 525 4 471.100 7 452 CO2 the capture cost decreases, making the proposal more

. _ _ Interesting. Proving that it is viable when considering the economy of
!Considering an average consumption of 4 kg/day hydromethane, with an average scale.

Scenario CO2 (kg/year) Hydromethane (kg/year)! Vehicles

consumption of 600 kg of hydromethane/year by vehicle
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