HETPAIMLIIHI EHEPTOTEXHOJIOTTi

'V. V. Solovey, D.Sc.
V. V. Fylenko

*F. Tinti

"'A. Shevchenko

' M. Zipunnikov, PhD

"A. N. Podgorny Institute for Mechanical
Engineering Problems, NAS of Ukraine, Kharkiv,
e-mail: solovey @ipmach.kharkov.ua
shevchenko84 @ukr.net, zipunnikov_n@ukr.net
2V. N. Karazin Kharkiv National University,

V]IK 62.97

SMART PV-H, GRID ENERGY
COMPLEX

Poszensinymo numanns npoexmyeanus, 00CaioxicenHs ma
eKcniyamayitiHoi demorHcmpayii  omoenexmpuiHoeo-
B00HEB020 KOMNAEKCY MEPediCi eleKmponocmaianHs i
11020 CKAA00BUX eNleMeHmi O NepemeopenHs enepeii
8I0HOBIOBAHUX Odicepen (COHAUHOL) 3 HepiBHOMIDHUM
HAOX0O0JICEHHAM 8 36UHAUHI (AKICHI) eleKmpoenepeemu-
uni nomoku. Cmayionapua cucmema KOHYEHMPYBAHHS
3ACMOCOBYEMBCSL OIS 3HUNCEHHS HEPIBHOMIPHOCMI HAO-

Kharkiv, Ukraine,

3 . ) X00ICeH s COHAUHOI enepeli ma nioguujenns egexmus-
University of Bologna, Bologna, Italy

Hocmi ghomoenekmpuyno2o Mooyis. Booens sk emepeo-

HOCII | BOOHEBUX NANUBHUX €NEeMEHMIE € MOMICTUBUM
sapianmom 0ns 30epieanns pisHux o00csazieé  enepeii
nPOMA2OM 8IOHOCHO MPUBANO20 YACY 3 HUBLKUMU BMPA-
mamu.

Karouosi ciioBa: cmayionapnuii konyenmpamop, 30epi-
2aHHs eHepeii, enekmpoaizep, pomoenexmpuurul Mooyb.

Introduction

Together with progressive depletion of traditional non-renewable sources of energy (fossils: coal, oil,
natural gas etc.) the researches on seeking the renewable sources of energy are actively carried out all over
the world. For the first time, the described below Energy Storage Solutions for Small and Medium-Sized
Self-Sufficient Alternative Energy Objects configuration has been considered in [1] although similar
schemes were well known and considered earlier. Nevertheless, the attempts of compiling renewable energy
systems (namely the photovoltaic panels with concentrator) with electrolyzer, fuel cell and energy grid is at
the early stage of research. This work focuses on the following targets: elaboration, design and optimization
of the PV-H, SMART Grid energy complex configuration; manufacturing and assembling of constituent el-
ements; creation of the specialized control system able to adapt, through a geolocalization module, to differ-
ent geo-climate conditions. Thus, the novelty of our approach consists in the combination and advisable
functional interaction of the constituent elements. The PV-H, complex was realised and tested both in labora-
tory as well in a standard work environment. The tests were conducted in Kharkiv, Ukraine in 2017. The ob-
tained results in operational environment fit very well with laboratory ones. This verifies the PV-H, SMART
Grid energy complex work potential.

PV-H, SMART Grid energy complex constituent elements description and operational peculiarities

The PV-H, complex consists of the following constituent elements, characterized by harmonized pa-
rameters: primary energy receivers - concentration photovoltaic energy farm; hydrogen and oxygen genera-
tor (electrolyzer); vessels for compressed gases SSS; fuel cell, grid invertor. The general complex scheme is
shown in Fig. 1. The complex is provided by informational control system connected with separate elements
by means of pipelines and sensors for gathering and processing working parameters data. The basic idea of
renewable energy use consists in opportunity of “dirty” energy processing [2]. The irregular primary energy
flow obtained from concentrated solar energy transformer (PV) is shared with the electrolyzer that is non-
sensitive to the quality of received energy. This approach is preferable for creation of autonomous power
plants with small and moderate power output for individuals. The elaborated PV-H, SMART Grid energy
complex could be used as an autonomous hydrogen refill station for different kinds of hydrogen-feed vehi-
cles [3, 4].

The SSS for compressed hydrogen are the simple gasbag type. Nevertheless, the foundations and ex-
periments relatively to the possibility to store the hydrogen in binding state including the carbon nano-
structures technology are considered and are presented. Moreover, the gamma-ray irradiation of carbone-
nanostructures was conducted to modify the hydrogen sorption properties. The possibility to generate and
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concentrate the hydrogen in a compressed state, and to use as an ecologically pure secondary energy carrier
is essential.
Photovoltaic static concentrator system (SCS). Designed SCS is able to concentrate solar energy

Automatic regulation and control system for energy technological processes
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Fig. 1. Photovoltaic-hydrogen SMART Grid energy complex schematic diagram

with different efficiency during the year (see Fig. 2). Scientific and technological approaches of SCS were
published in [5]. Fig. 3 performs the general view of ttemperatures distribution on the module surface after
solar concentrator irradiation.

Photovoltaic transformer. The solar energy receiver, operating in calm conditions, was included in-

to PV-H, SMART Grid energy complex
scheme. Produced by firm “SOLARWATT” 202
photovoltaic transformer with nominal power 3
30 W is shown on Fig. 4. Solar battery consist
. 198
of 20 such monocrystalline modules (panels). )
Electrolyzer. The consumed non- o g L
. . . E=
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trolyzer to decay the water on to hydrogen and S8 101
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oxygen. The electrolyzer with active elements S g
and original scheme and consumed power ~ -
0.5 kW was used in the project. The operating L§
pressure about 15 MPa provides the hydrogen L34
and oxygen generation directly in compressed 1582
state [6]. The electrolysis cycle operational T
mode is based on the time sharing between 0 3 146 18 Ee 362
hydrogen and oxygen emanation. This is ) _ DEEY number _
achieved by the use of electro-active electrodes Fig. 2. Geometric concentration fflctor during the year
that can store hydrogen or oxygen in accord- for the Kharkiv

ance with their capacity. In a second time, fur-
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ther hydrogen and oxygen emanation was stored in the next part of the cycle. The switch from one of the
component receiving to it emanation can be realized by electrodes pole switching. The cycle duration is de-
termined by the electrochemical capacity and output of the active-electrodes.

17

Fig. 3. Temperature distribution on the module surface

The tests were conducted at the levels of 25, 50, 75 and 100 percent of maximum power consump-
tion. The maximum power of high-pressure electrolyzer was ~ 450 W (voltage was up to 0.200 kV, and cur-
rent consequently up to 2.2 A). The demonstrated output of hydrogen was 0.52 m® and oxygen — 0.26 m’.
The content of oxygen additives in hydrogen was at the level of 0.04—0.06 volume percent and hydrogen ad-
ditives in oxygen was 0.08-0.1 volume percent correspondingly. The duration of electrolyzer system adapta-
tion to the energy income differences (electrolyzer dynamical property) was about 60—180 s. Electrolyzer has
the unique properties and after the improving the it could demonstrate the ability to reversible operational
mode. The simplest vessel type of SSS for compressed gases has been used.

Fuel cell. In order to generate the conventional (standard) electricity from the stored secondary ener-
gy carrier - hydrogen, a fuel cell with power 0.4 kW was used. Hydrogen/air fuel cell is shown on Fig. 5.

B{0.y2)

a) b)

Fig. 4. Solar panel (1) with total installed capacity 30W and SCS (2):
a) — photo of panel with concentrator; b) — schematic drawing
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Main obtained results and recorded parameters

The operation of such complexes demands of
their adaptation to the geo-climate conditions of region of
use and this adaptation are provided by the specialized
control system. The control system provides the distribu-
tion of energy supply from SCS to the secondary capaci-
tors and energy transformers. The regulation and control
system for PV-H, SMART Grid energy complex realizes
the rational electrical energy distribution from the prima-
ry energy converters to the external consumers and for
energy storing and buffering. The recommendations for
PV-H, SMART Grid energy complex efficiency increas-
ing are registered as control system’s SOFTWARE and
corresponded to the concrete geo-climate conditions. As
the result of project implementation assembled PV-H,
SMART Grid energy complex as whole unit has been | Fig. 5. Hydrogen/air fuel cell with power 0.4 kW
tested and parameters for control system tuning was pre-
sented for possible customers.

The control system destination provides the main working processes of energy output in automatic
regime and in regime of manual control. There are following control system functions:

— “stand by” control of PV-H, SMART Grid energy complex main constituent elements;

— forming of rational PV-H, SMART Grid energy complex configuration in dependence upon actual state
of energy sources and PV-H, SMART Grid energy complex aggregates and analysis of possibility of any
working process implementation;

— switching in/off of PV-H, SMART Grid energy complex elements;

— keeping of PV-H, SMART Grid energy complex elements working parameters at different regimes in
accordance with requirements of energy consumption/transformation technology;

— recording of working parameters data on floppy discs;

— switching off PV-H, SMART Grid energy complex aggregates in cases of energy consumption reducing
down to minimal values.

The results of development and natural testing (2017 in Kharkiv, Ukraine) of the Energy-
Technological Complex allow generalizing over the input/output characteristics:

— Stationary silicon solar battery 0.6 kW(177 V, 3.4 A), efficiency of energy transformation is 15%.

— High-pressure electrolyzer — 0.450-0.5 kW (200 V, 2.2 A) of consumed power and with specific energy
consumption ~ 4.9 kW/m® of hydrogen showed the efficiency about 0.9.

— Storage/supply system for hydrogen (with 0.04-0.06 vol. % of oxygen as additives) and oxygen (with
0.08-0.1 vol. % of hydrogen as additives) in cylinders right at high pressure (15.0 MPa).

— Fuel cell — consumes H, — 270 liter/h, air — 1500 liter/h at 0-80 C, produces electricity 150-400 W
(15-20V, 10-20 A), efficiency ~ 0.5.

— The automatic control system was done and the control parameters were controlled.

The total demonstrated PV-H, SMART Grid energy complex efficiency is about 25-26 percent. The
duration of PV-H, SMART Grid energy complex recoupment could be estimated as ~ 5-6 years correspond-
ingly with high ecological indexes. The propositions for further commercialization of the system due to pro-
ject implementation results and characteristics for the PV-H, SMART Grid energy complex should be ori-
ented on the markets of Italy, USA, Mexico, Israel and Asia or Near East Countries. On the base of light
climate inherent to the number of climate zones (Kharkov region, Crimea, Asian countries) the typical dia-
grams of energy exchange can be created. In accordance with this diagram, the permissible operational
modes for constituent elements will be defined and work orders for their improving will be determined.
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