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EFFICIENT WAYS TO PRODUCE HYDROGEN

Student Ishalin Alexandr Veniaminovich,
Student Gaffanova Angelina Ramisovna,
Professor Titov Aleksandr Vyacheslavovich,
Kazan State Power Engineering University,
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Abstract. The use of hydrogen as the main fuel or as an additive to fuel
gas, is currently seen as the main tool to reduce the carbon footprint. This paper
considers ways of hydrogen production. It is shown that the most
environmentally friendly is the production of hydrogen by electrolysis.

Keywords: hydrogen, natural gas, alternative fuels, improved efficiency.

IOPEKTUBHBIE CITOCOBbBI ITIOJIYYEHHUA BOJAOPOIA

cryaeHT Mmajaun Anekcanap BennamuHnosuny,

ctyneHT I'adppanoBa Anrenrnna PammcoBHa,

npodeccop TutoB Anexcanap BsiueciiaBoBuy,

Kazanckunii rocy1apCTBEHHBIN SHEPTETUUECKUI YHUBEPCUTET,
r. Kazans, Poccuiickas @enepanus

AHHoTanus. Vicrons30BaHue BOJOPOJA B KQUECTBE OCHOBHOTO TOILIMBA
WU J100aBKM K TOIUIMBHOMY ra3y B HAcCTOSIIEe BpPEeMsi BOCIIPUHUMAETCS Kak
OCHOBHOM HWHCTPYMEHT CHWXEHHS YIJIEPOJHOrO cliena. B maHHOM craThe
paccMaTpHBaroTCs crocoObl mofydyeHust Bojgopoza. Ilokazano, uto Haubonee
HKOJIOTMYECKHM  YHCTBIM  SBJISIETCA  MPOU3BOJICTBO  BOJAOPOJA  METOAOM
AIEKTPOJIN3A.

KiaroueBbie ciaoBa: BOIOPOJ, NMPUPOJIHBIA a3, ajlbTEPHATUBHBIE BUJIbI
TOTUIMBA, TMOBBITIIEHUE (PPEKTUBHOCTH.

The European Union is currently trying to minimize carbon footprint in
the energy sector. On July 8, 2020, the EU signed hydrogen strategy, which
includes the transition from the use of natural gas to hydrogen [1]. The use of
hydrogen is a promising [1]. The use of hydrogen is very promising and can be
used as the main and reserve fuel fuel for power boilers of gas and steam at the
moment. There is a great potential for transition from gas fuel to hydrogen fuel.
This is caused by high energy characteristics of hydrogen [2; 3].
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Table 1 — Comparison of methane and hydrogen parameters

Parameter Hydrogen Methane
Specific heat of combustion,
MJ/kg 140...120 50
Boiling point, K 20,28 111,42
Den3|t)_/ _under norrglal 0,08987 0,6682
conditions, kg/m

Today most industrial companies are focused on improving energy
efficiency and decarbonizing their production. Energy efficiency can be
achieved by applying new technologies and the replacement of energy
equipment. In order to minimize minimization of harmful emissions from
energy production, it is necessary to:

- Reduce the amount of carbon in exhaust gases of gas turbines and power
boilers;

- Control of carbon formed after the combustion of organic fuel fossil
fuel:;

- Carbon sequestration and use in the production of useful products;

- Use hydrogen and CO2, CO to create synthesis gases.

An alternative to hydrocarbon fuels (natural gas, kerosene) can be
hydrogen. Currently, there are several ways of hydrogen production. The most
promising methods are gasification of coal, electrolysis of water, steam
conversion of natural gas.

The above-mentioned methods differ in environmental friendliness of
production of production and the cost of produced gas.

According to the production method, hydrogen is divided into blue (blue),
green and gray.

The figure shows a block diagram of hydrogen production by conversion,
gasification and plasma pyrolysis.

| Hydrogen-containing substances I
] ¥ ¥
| ConV'eision | | Gasiﬁ(ition | | Plasma pyrolysis |

| Synthesized gas H, + CO |

¥ ¥ ¥ L. L

. . Purification
Catalytic Electrochemical . .
. ) . on Pb Electrolysis Plasmochemistry
purification conversion
membranes
| Hydrogen |<-

Figure 1. Block diagram of hydrogen production by conversion, gasification and
plasma pyrolysis
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“Gray” refers to hydrogen produced from fossil hydrocarbons, such as oil,
natural gas, and coal. When it is extracted, it is not cleaned of impurities, so its
energy performance lowers than that of natural gas. Producing this hydrogen
uses a lot of fuel and is therefore less environmentally friendly because
production releases a lot of additional CO, CO, and NOx And these vary
depending on the fuel.

However, it is worth noting that this type of hydrogen is the cheapest in
production.

“Blue” hydrogen is not much different from “gray” hydrogen. It is the
same extracted from natural fossils. The only and important difference is the
presence of an additional installation, which allows capturing carbon dioxide
from exhaust gases. This system is called “CCS” and stands for “carbon capture
storage” [4]. It should be noted that the presence of “CCS” significantly purifies
the final product, but makes its production more expensive. It should be noted,
that neither “blue” nor even less “gray” hydrogen are uncompromisingly clean
fuels. Because even in the case of “blue” hydrogen, in the production process,
there is CO, CO, and NOx.

“Green” hydrogen is the cleanest, according to the production method. At
the moment there are two main directions of “green” hydrogen production: from
biomass and by means of electrolysis of water.

The most environmentally friendly way to produce hydrogen today is
electrolysis of water. This method does not emit CO, CO, and NOy, but it is the
most expensive way of hydrogen production. This, according to PJSC Gazprom
data, to produce 1 cubic meter of hydrogen by methane pyrolysis only 0.7...3.3
kWh, and by electrolysis — 2.5...8 KWh, i. e. almost three times more.
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