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Introduction

Enthalpy Balances

COMBUSTION OF 1 MOLE OF CARBON

Coal in future energy scenarios

Energy demand is increasing across the globe and several countries have abundant coal resources.
However, the large use of fossil fuels produced the increase of the concentration of greenhouse gases in the
atmosphere that is considered to be responsible for the climate changes.

SNG a mix of fossils and renewables

Substitute Natural Gas (SNG) is produced via hydrogasification of coal by using low-cost hydrogen obtained Hsggsg:;ﬁ;\g:;mir:::\‘:o?_:.l;plziﬂ:;u ‘

by renewable energies (Coal2gas). The SNG obtained in this way is a mix of fossil (coal) and renewable

energy (wind or solar) and thus increases the social acceptability of the coal exploitation. - 75kl
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Coal2gas as an option for storage of renewable energy - - . 80_

Presently, in many Countries further penetration of renewable energies needs the development of efficient e o O " 87_7kJ

storage systems. Renewable energies, particularly wind and solar, can be stored in chemical form (SNG)

during off-peak hours by producing low-cost hydrogen needed for coal hydrogasification. In this way, SNG

is an energy vector that can be transported and distributed using efficient and well-proven technologies.
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SNG could be a major driver for energy security. SNG production could diversify energy options and reduce E §

natural gas imports, thus developing the flexibility and competitiveness of the energy market. a c H 4 [

COAL WIND

| METHANE = MIX OF COAL AND WIND \

Wind + Coal = Substitute Natural Gas (SNG)

Two process options (basic process and its combination with WGS) have been analyzed through a simulation software (aspenONE® v8.4) [1, 2]: the model has

taken into consideration a series of adiabatic reactors interspersed with heat exchangers for temperature control. Temperatures into the hydrogasification T DE1 DE2 UK1 UK2
reactor ranges from 800 °C to 1000 °C. CO methanation has been realized in three reactors with intermediate cooling. The inlet temperature of the 5317 7378 56.60 77.45  68.00
methanation reactors is 300 °C while their outlet temperature increases significantly because of the exothermicity of the reaction, while the WGS occurs in 3.89 4.58 3.50 4.50 3.00
one high temperature reactor at 400 °C. 5.98 0.75 0.70 1.50 0.30
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The results of the process simulation are applied to the hydrogasification of
coals coming from different European regions.
Geographical areas characterized by presence of both coalfields and high
wind speed have been selected for the application of coal hydrogasification
processes:
- Italy (Sulcis) IT, low quality coal with high sulfur content
- Germany DE1 with high carbon content
- Germany DE2 with low carbon and high moisture content
- United Kingdom UK1 from Kellingley, coal with high carbon content
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The model analysis hfas been applied to the basic process and to the basic process in combination The consumption of natural gas represents approximately 25% of the EU28 gross energy consumption while the
with the water gas shift. imports of natural gas accounts for about 422 x 109 Nm?3 (106 x 109 Nm3 from Russian Federation).

The water electrolysis consumption are reported for the cases of:
a) CWE electrolysers having low efficiency but using a mature technology
b) high efficient HTE electrolysers (still to come at level of large-scale applications)
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Basic process followed by CO methanation — Treatment of 1 Mt of coal
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Combination of basic process with WGS - Treatment of 1 Mt of coal
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Conclusions

The hydrogasificalion of coal with hydrogen produced via wind slecticily esets most of the core principles of the peih 1o ensrgy security 26 recenily estabiished by the G7 [3]:
- dewvelops the ieibilily and compediivensss of the energy market,

- perreits the diversificaion of the fuels,

- proreies the deplayment of dean and sustsinabie enengy technologies,
- may impreve the capacily of facing emengency situalions, by increasing the fusl reserves and allowing the fuel subsfiution for fhe Europesn Linion thal. could sulfer in fhe nest fufure of shortage of naiural gas.

(3] G7 ROME ENERGY MINISTERIAL MEETING - ROME G7 ENERGY INITIATIVE FOR ENERGY SECURITY - JOINT STATEMENT, Rome, May 6th 2014
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