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Hydrogen is one of the most energy-intensive and environmentally friendly
energy carriers, which is why its use for the operation of fuel cells (FCs)
makes it possible to create efficient autonomous energy supply systems.
Power plants based on fuel cells are characterized by high efficiency and
environmental safety. Of particular interest are power plants based on low-
temperature alkaline FCs with a capacity of 1 to 20 kW, because they can
be widely used as autonomous power sources for residential consumers. The
location of such autonomous installations is assumed to be in close prox-
imity to the energy consumer, which requires that fuel supply systems be
highly safe, reliable and environmentally friendly. These requirements are
met by hydrogen storage systems based on reversible metal hydrides (MH),
capable of absorbing and releasing hydrogen. One of the main components
of an autonomous energy supply system is a multiple-action hydrogen metal
hydride storage battery. For the efficiency of the "FC - MH hydrogen stor-
age" system, it is necessary to develop a methodology for determining its
main technical characteristics both at the stage of creation and in the proc-
ess of studying these characteristics. The article presents the developed
scheme of a wind power plant with a hydrogen energy storage battery,
solves the problem of selecting the FC, and analyses the operation of the
fuel cell with the MH hydrogen storage system. The results obtained al-
lowed us to determine the pattern between the amount of heat taken from the
FC for hydrogen desorption with its subsequent use to increase the power of
the FC, and ensure the characteristics of the consumer network. It is shown
that the use of an integrated approach to the study of a perspective scheme
of accumulation and use of wind energy will solve the problem of smoothing
the irregularity of energy supply from renewable sources.
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Since hydrogen is an energy-intensive, environmentally friendly, and technologically flexible energy

carrier, its use in fuel cells (FC) makes it possible to create efficient autonomous energy supply systems. Power
plants based on FCs are characterized by high efficiency and environmental safety [1-3]. Of particular interest
are power plants based on low-temperature alkaline FCs, because these cells are the cheapest in production, and
the catalyst on electrodes can be any substance that is cheaper than substances used in the other FCs as cata-
lysts. In addition, alkaline FCs operate at a relatively low temperature, are characterized by high efficiency,
noiseless operation, high energy density, specific productivity, and environmental cleanliness.

Power plants based on 1 to 20 kW FCs can be widely used as sources of autonomous and uninter-
rupted power for such consumers as telecommunication centers, centers of various companies. The location
of autonomous installations with a capacity of up to 20 kW is assumed to be in close proximity to the energy
consumer, which requires that fuel supply systems be highly safe, reliable, and environmentally friendly.

These requirements are met by hydrogen storage systems based on reversible metal hydrides (MH) ca-
pable of absorbing and releasing hydrogen. In these systems, hydrogen is absorbed by MHs during heat re-
moval, and is released during heating, with a rather strong hydrogen equilibrium pressure dependence on tem-
perature arising as a result of a significant thermal effect of the reaction. For low-temperature systems, this
pressure changes to values of the order of 10 atm at temperatures from 20 to 80-90 °C, which makes it possible
to carry out hydrogen absorption and release processes thanks to the hot and cold water available in the energy
supply system, and perform natural compression of gaseous hydrogen with using low-temperature heat.

Problem Formulation
One of the main components of an autonomous energy supply system is a multiple-action metal hydride
hydrogen storage battery with a high volumetric hydrogen content (higher than in a cryogenic liquefied state), a
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wide range of operating pressures and temperatures, pressure constancy during hydrogenation-dehydrogenation,
the ability to control the pressure and rate of hydrogen release at different temperatures. Metal hydride hydrogen
storage batteries are simple, reliable, safe in operation, noiseless, compact, and emit high-purity hydrogen [4-6].

In order to ensure the efficiency of an "FC — metal hydride hydrogen storage" system, it is necessary
to develop a methodology for determining its main technical characteristics both at the stage of its creation
and in the process of studying these characteristics. In this regard, the main objectives of the study are to de-
velop a technological scheme of a metal hydride energy supply system based on FCs, select the FC and ana-
lyze its operation with a metal hydride hydrogen storage system.

Research Results
To study metal hydride technologies for the accumulation and storage of hydrogen in alkaline FC, a
wind power plant scheme was developed (Fig. 1).

Fig. 1. Scheme of a wind power plant with a hydrogen energy storage system:
1 — wind generator; 2 — control system; 3 — high pressure electrolyzer; 4 — desalinated water tank; 5 — desalination unit;
6 — pumps; 7 — industrial water tank; 8 — balloon gas storage system (H2, 02); 9 — fuel cell module; 10 — inverter;
11 — metal hydride hydrogen storage battery

During the operation of the wind generator, the

generated electric energy of the order of 5 kWh, via the
control system, is supplied to the high pressure electrolizer.
For the operation of the electrolyzer, technological equip- |
ment is used, ensuring its continuous and stable operation. |
In the process of electrochemical decomposition of a liquid
alkaline electrolyte, the obtained oxygen and hydrogen are
released into the balloon gas storage system whose gases
are used to operate the fuel cell module. To convert the re-
sulting constant potential pressure into the variable one, the
inverter is used. Then, the converted energy is supplied to
the consumer. In the case when the wind generator power is
excessive, hydrogen accumulates both in the metal hydride
accumulator and gas-balloon storage system.

Thus, wind energy accumulates for subsequent
autonomous power supply to consumers. In the case of ‘ F:: H WH storage system
peak loads (morning and evening time), as well as a sharp 1
enduring decrease in wind velocity, the hydrogen and | Consumer |
oxygen from the storage system are spent on extra elec-

tricity generation with using an alkaline FC module [7, 8]. | Fig. 2. General scheme of conducting computational
studies of an autonomous energy supply system

‘ Wind generator ‘

¥
Electrolyzer |
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To carry out computational studies of an autonomous energy supply system, Fig.2 presents the
structure and main stages of its operation.

An important stage in the design of these systems is the determination of hydrogen consumption to
provide fuel for FCs. The working material for metal hydride hydrogen storage is LaNi5 whose advantage is
low sensitivity to oxygen and moisture impurities, which makes it possible to use either technical or electro-
Iytic hydrogen.

For a wind power plant with a capacity of 5 kWh and a hydrogen flow rate of 1.28 m3/h, we consid-
ered and analyzed the alkaline fuel cells presented in the table.

Basic technical characteristics of alkaline FCs [9]

FC FC capacity, | H, pressure, | H, flux, H, purity Operation time,
kWh bar 1/min requirement, % min.
Dantherm Power DBX 2000 1.676 5.00 25.0 99.95 213
ReliOn E2500 2.500 0.55-0.83 30.0 99.95 180
Dantherm Power DBX 5000 5.000 5.00 72.5 99.95 73

As a result, the ReliOn E2500 FC with a power of 2.5 kWh was selected as providing the specified
characteristics of the wind power plant with the hydrogen energy storage system. For the selected FC, the
influence of the temperature difference between the temperature of the coolant and environment, A7, on the
change in both the amount of hydrogen entering the FC (Fig. 3) and its power (Fig. 4) was studied.
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Fig. 3. Influence of the temperature difference between the Fig. 4. Influence of the temperature difference
coolant and environment on hydrogen consumption between the coolant and environment on FC capacity

The results obtained allowed us to determine the pattern between the amount of heat taken from the
FC for hydrogen desorption with its subsequent use to increase the power of the FC, and ensure the charac-
teristics of the consumer network.

Conclusions

A FC was selected for an autonomous energy supply system, and a thermodynamic analysis of the
integrated "FC — metal hydride hydrogen storage" system was carried out. It is shown that the use of an inte-
grated approach to study a perspective scheme of accumulation and use of wind energy will solve the prob-
lem of smoothing the irregularity of energy supply from renewable sources, and the use of original electroly-
sis technology as part of a wind energy complex provides the following advantages:

—reduction in energy consumption in the production of target products by 10-15% compared with
the existing analogues (specific energy consumption is 3.8—4.1 kWh when 1 m’ of hydrogen and 0.5 m® of
oxygen are generated);

— generation of gases with the pressure limited only by the strength of the design of structural com-
ponents of the electrolyzer;

— increase in the reliability and safety of the system operation in the absence of dividing membranes;
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—reduction in the cost of the main equipment due to the fact that rare-earth and platinum group met-
als are not used in the high-pressure hydrogen and oxygen electrochemical generator, which increases its
competitiveness in the market of hydrogen-oriented equipment.
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Po3po0ka mepcreKTHBHOI METATOTIIPUIHOI CHCTEMH €HEProaKyMyJ/JTIOBAHHS HA 0a3i MAaTUBHUX
KOMIpPOK 11l BITPOBOI eHepreTHKH

10. M. ManeButuii, H. A. YopHa, A. A. llleBueHKo

IHcTuTyT NIpobieM MarmHOOYmyBaHHs iM. A. M. ITinropaoro HAH Vkpainu,
61046, Yxpaina, M. Xapkis, By:1. [Toxapcekoro, 2/10

Booenv € 00HuM 3 HAUOINbW eHEePLOEMHUX | eKON02IUHO YUCIMUX eHEP2OHOCII8, MOMY 1020 BUKOPUCTNANHA OISl PO-
b6omu namsnux xomipox (IIK) 0oseonsie cmeoprosamu eghekmusHi cucmemu agmoHoMHO20 enepeosabesneuenns. Enepeo-
yemanoeku Ha 6azi TIK xapaxkmepuzyromucsa eucoxum Koegiyienmom xopuchoi 0ii ma exonoeiunoio desnexoro. Ocobnusuil
iHmepec CMaHoBNIAMb eHeP2OyYCMAHOBKU HA OCHOBI HusbKomemnepamyprux ayxcrux IIK nomyacrnicmio 6io 1 0o 20 kBm, ki
MOXHCYMb 3HAUMU WUPOKe 3ACMOCYBAHHA AK 0Xcepena A8MOHOMHO20 HCUBTEHHS 011 CHONCUBAUI8 KOMYHAILHO-HCUMI0B020
cexmopa. Poaviwenns maxux agmoHoMHUX ycmaHo8ok nepedbaiacmvcs 6 6e3nocepeonitl OauU3bKoCmi 6i0 CRONCUBAYA eHep-
2ii, wo sumaeac 6i0 cucmem nAIUB03a0e3NeUeHHs BUCOKO20 PIGHS besneKu, HaoditiHocmi ma exkonociunocmi. Llum eumozam
8ionogioaroms cucmemu 30epicants 600HI0 HA OCHOGI 0bepHeHux memanoziopudie (MI'), 30amnux noerunamu i eudinAmMuU
600eHb. OOHUM 3 OCHOBHUX KOMNOHEHMIB a8MOHOMHOI cCeMU eHepeo3abe3neueHHs € Memano2iOpuOHULl aKymyIsimop 8o0-
oHI0 bazamopa3zosoi 0ii. 3 memoro 3abe3neueniss epekmusHOCmi pobomu cucmemu «NAIUBHA KOMIPKA — MemanociopuoHuil
AKYMYIAAMOP 800HIO» HEOOXIOHO pO3POOUMU MEMOOUKY BUSHAYEHHS OCHOBHUX i MEXHIYHUX XAPAKMEPUCMUK e Ha emani
CMBOpeHHsL | 8 NPoyeci O0CTIONCEHHA YUX XapaKkmepucmuk. Y 36'a3Ky 3 yum 0CHOBHUMU 3a0a4amu OOCTIONCEHHS € PO3POOKA

ISSN 0131-2928. Ipobnemu mauwuno6ydysanus, 2019, T. 22, Ne 4 51



NON-TRADITIONAL POWER ENGINEERING

MEXHON02TUHOT CXeMU Memano2iOpuoOHoi cucmemu enepeosabesnedentss Ha 6asi nanusHux Komipox, eubip I1K i npogedenns
ananizy ix pobomu 3 Memano2iOpuoHoI CUCIEMON aKyMym08aHHsL 600HI0. Ha ocoesi cucmemnozo ananizy 3anponoHoeano-
20 6apIAHMA MEXHIYHOL CXeMU OMPUMAHO Pe3yIbMAmu, SIKI O0360MUNY GUIHAYUMU 3AKOHOMIPHICIb MIJIC KITbKICMIO 6I0I0-
parozo mena 6i0 11K nio uac 0ecopoyii 00HI0 3 NOOAILUUUM T020 GUKOPUCIIAHHAM 051 30LIbUIEHHSL NOMYHCHOCI NATUGHOT
KOMIpKU | 3a6e3neyeHHs NponyckHoI 30amHocmi Mepedici cnodcusauad. Busnaueno, wo sacmocyanis KOMIIEKCHO20 NiOX00Y
00 BUBHEHHSI NEPCREKMUBHOT CXeMU AKYMYTIOBAHHS | UKOPUCMAHHA eHepeii 6impy 003601umb Upiuumu npobiemy 321a-
02ICYBAHHSI HEPIBHOMIPHOCE HAOXOONCEHHS eHepeii 6i0 NOHOBNIOBAHUX OJCEPEN, A BUKOPUCIAHHSL 8 CKIIA0L 8ImpoeHepeemuy-
HO20 KOMIJIEKCY OPUSIHATIbHOT eleKmMpOIZHOI MEXHONO02IT ni08uUye ii KOHKYPEHMOCHPOMOICHICIb HA PUHKY MEXHIYHUX 3a-
€00i8, OpIEHMOBANUX HA OMPUMAHHSL BOOHIO.

Knwouogi cnosa: nanueni komipku, Memano2iopuoHuti akymyasimop 800HI0, eHepeo3abe3neueHtHsl.
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