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RESULTS OF THE EXPERIMENTAL STUDY OF A SOLAR POWER PLANT

A. N. Efimova; E.V. Timofeev, Cand. Sc. A.F. Erk, Cand. Sc. (Engineering);
(Engineering); V.A. Razmuk;



Institute for Engineering and Environmental Problems in Agricultural Production (IEB#anch of
FSAC VIM, Saint Petersburg, Russia

Recently, solar energy has found expandingcatjtiral applications due to the pressing need for new
power generating sources in distributed networks. However, the high acquisition costs of photovol
systems andhe low utilisation ratehinder their widespread introduction. The study purpose was tc
estimate the efficiency of a solar power plant and to verify its specifications under climatic conditions
the NorthWest of Russia. The study tested a specially designed and manufactured autonomous solar p
plant. The installation consisted of sigtarestructural photovoltaic modules with the capacity of 315 W
each (Hevel Energy Group, Russia), a storage battery, an inverter, and a charge controller. The study
the fApassive experimento met hod an dnedfordhe nautai c
conditions under different insolation and ambient air temperature. The solar plant demonstrated arc
22% efficiency. The combined smalze (up to 5670 kW) electrical power stations were found most
promising for electricity supplgf the facilities in the remote private farmgig houses for 10 to 30 head,
houses for rabbits, poultry, sheep, and goats as well as residential houses.

Keywords:solar energy, photovoltaic module, electricity consumer, efficiency coefficient

For citation: Efimova A.N., Timofeev E.V., Erk A.F., Razmuk V.A. Results of the experimental study
of a solar power planAgroEkolnzheneriy&2021.No. 3(108):4-13 (In Russia

lojnjddj foj HilsOo dzw j Is fyw c
stejHd obLGBMS @Y & & §igkksddaGtse Odzddzjic d gt dzj S Is
f)ts dzdzj Y dzOw Ldzj eaqw q ds jdg jibslé) daB@ of § Eatpwh d Z H O dzj dzdz’
fslsjdydod dmMisd Lo Odsd Wzj B sdztchi B iz KB E jzsTEBY Isks)O H
&dlsj tcOls ktsdz - dissyddS g cdp emddid,n sLyQElss OF .

s ddy ydse v 1 dzj eady Y dzj fif scsaa @ Lisdat Isfo tsizlz 1 @) B300dz® & dzaid
¢ dzd B3OIsd ud ME d n z m-qz® ¢ @ wuikle ts dz'ety @ I§ dedsS d fsdd M J ded
t simMd2MEsRddr jHI 6O 2] . G ls@ydyJ tsdzdey , ¢ d st
Mudlsojismvw, Ykt dhMfsd L5000 Jdal tscafdzisuyddsiadz)y O dgis
L2 Lidsj SflsdkOod ds o dis st doBpyg sy g ddr o

fsHtsGtj 9O oLHEZRO Htwd MkhCj md dz0O, L § t6dzO,
fjdvd, §SHBCEjo0O ofH'T [ QO ol Plztzts dtsdsd BisME dJ
dzlz 3 H T ydotlsdatse sHYj MSdn W) toezd €1 B tieftc jfotds o j H j o
ptsH'T Hhv ftjddY lsyfqo tkigh@&dgidld 7 EsHkzdj?2 o

RMIGd LsoOls! 1 dzjecds sty OHsdon d ff & dzzag j dzdwj » d d
Ldzy Slstedyud MEts2 L dzj tecdd M Ednd Qdetsifigdd dalsCOstaiztsizidsy J drfi§ figldzd
dzj orcwHdas [5]. [HdZOC S Isvipuardzj 20200 ¢ s Rozbuiyj ded
dMfsd LEjlmY Hdv §sdkzy@ddy s isdjcslstgdn dos s W j S
tdzgjteedd o MisteOdOr M OCd B juzl ¥ ¢ dzdfdgdsodiwnidfrrigad’ ded

Emdzses dw &3d, o jldoxif tctd mdei6’ olalzPWiztsB] . s tcj H] dzi dedd &Y
sesdkj kses, o fofdjHdd] tgwgdyso dz0LOBHRS | Misd
fsweodv kv Bsd "] ©OL (iOHEM]) j Jsj Bdeg Wi M Srddw

fiejHMmlses HdAY Wekte sd Ol ds) oflda o dteils 'd dse s @B Is
fsmistsW dedzts fdzed 3 OJ s [ BMis©OBas] .( o jpdzdsugdddiz! datiz@Y tc W

5



ISSN 27132 6 4 1 b1t dSsf{RrRLTI[

oLHj2Msodd Mbdda ydes? to QA0 dp D ® f) dyl teatEy i dzO
d whdr j Hdzd. Vi | 1965
1 OH Oy O dizqd ftetso j HY dzdz’ = Is jddfyfy dmiQistdzote@tizd 2 ,sC tclzy O h
W dzW dzts fiy ! dL Ezud dzd § d L &34 fal Rl o J dzd yd dz
GOY vy jdzd  d bSCO MBS e BEaE Ll 2 o |
) Odz dg & kfmdse dwn 4gmq@t@@omggsﬂwPﬁﬁémﬁﬁﬁ@gg g
LW isiglodz d 5 OB BT . _ qsstqu (RO C Bl L ¢
I coyjfmbkej Bl jCIkO &mg dé?% s (s
feddvlsO Wkt! djthedujnep
sMmdztso | Istcj m Gjlsj ts(ts@%t%ellz%‘llsggsm Wd g ts;lj @fdz
¥slstsd dzj Clsted y, fSHYE-315HEE H b 2
q dzo j toMuttitt@ 24/ 1200/ 25 (1 cs é@%&@“ﬁ? ,1¢%ﬂwsgsqt
SmartSolarf tc § H fjls ©O9 dzj dzdz" A irégzo 9; Gt)sg i dz('B
v M ls O dztsfig I O] 14 tsqf L wtslstsi n B d mJBLl
fOdzj dzj 2 (AC1), qssm; % %ﬁ% %%;ﬁ%%iﬁiﬁﬁszme
L dgj eedd ( BOM " dzr 2 s dzded.
Alstsi dzj Slted yj M Ow 1 ©dzj M UB%E%O@BJ @%““%%§®@fs
Hitojow dgdeds dzOMisd dzj  dzO gﬁ%%% 1%5@?3 G&%@°

dz tcw dzd w Clste 1
ZO¢ dzts dz® ¢ fﬂtmdmmmmﬁb®uguomﬁxénq{ Sy

_ I$ t€ s ts
thJtSBtGOLtsaOdzq’; 4dZJtGGq’q’vyt§ NG, tsfr] qu (%%ntsdzdzts
tsssotsd SO Uj NS s %%% &@&Q b 10 u
otsLdd S Ojls o dZJ'[SHdztS'u;tSHdZ’"'cgZ tﬁgé % 1&%

ek ClwOR fiod otLHj2niadd o qn @ N6 By
gL d&zeyj ddw. ddzjHBO Olsj dz Isp %,tﬁ%ﬁ)i gja)gzgz%u,m
oL dzdCOjls teOL dgsmB! q’tfzq‘;ls%% (?t% 5o j ddzts

0

ZOctlzL $d dzOud dzOj Is Ut@sl?cbzg@lﬁstgqu‘;dﬂcgésésgu mglgtggo

IS¢ . _ jimsMmicj Himise j dedats o 4 dzj €
1ted  dMyr lsOded v R wtsl-y%f e d AL i 52 BT ZO f 5

EfsOdse ¢ d L OdjOd f SHH N Okde o g 5 2f L dJ

% OCltter

tdfm. 1. CCMfjteddsj desOdz dzOv EMlsOdzse S O diMmdzj s
B H k2 dzw

6



1 ted

ISSN 27132 6 4 1

OHJOYd(

di3d dalz Is

9]

sMmdzts o dz" j

e OHdOUYGd dzOf ts™ | daddi

Q, o
st
CO¢

d Misj Mise j dadzts 2

Isd ud ded d
WOClktste" :

Yy fdi fasibltej B dls§ dz!

Bish dztsfls d
f sl 0O:

A sty

¢cColor Control GX Relaile
Otcndodtetse Odzd j

fts

9 tcj d3j dad .

pm b
RdW stcdgOyd W
Ldf Chtedyud MEsct @@q@JﬁBpgbv
fesdmi snd gy

9 Ldzj ¢ Iststsdzdzl‘.lic&wa

)

GHJ

dbtcr do qtectso Odzd |

L dzj € Is tets dzdzts 3

9

dHd

Wislstst dzj Clsted yj ¢ 52
slsdztsh j dzd j

fte5ud

HOJ Is

O Fd & P

t 4 L zdz
) tcJ L zdz

HOLYd S 5@y

y

IsOlIs !

<3

9 HIJKYCO dL

L

IS g w
L d3tsy detsyls ¢

2 @

b1t dSsf{RrRLTI[

o Jag QU diki d ) dzdigj dagziezy W
WdCMdese Odd iz ot j ©diastal g y dptsh 9 'tsj BB Gz .
flo jlstso 5¢ 5B GBE® fMitzj ke § Ol so
o J dzd W dedzlf L 1 tsls ] O i s dzdeP y dzs 3
Is s tc 5 G tc @XKMEL,
¢ BdoedcEt UdBdedzs j Gtcj MMdo
@ & OEH Fam Bl
BOS ) 3G B8 2920 J i) dz8f BO Y @ d J dels O
¢ &sh dsfylsd f ORHO Y] O g fis ke § BB @3
LOsdMd&sflisd Gl tj Od dzr =
d tsBMmE)HJ] !
, EETERY
" st s b v d y d § dals
AS1 sls gL gy dzvj B A
¢ RY 4 5Y
Hedq of) wlo® 962 " 5 & B &
3§ 2 tedzOdzO  d fyf

20¢G.
fsmMstesd Is
v OB dzd y

Yy shss

Is d

(ktedzOdz dfMfdzj Hso Odzed 2

r Ols()l toj|utsdzdzl 1 Of 4t v ddzGf sh djy Of te v ddz{s 541 W

w ow Ndded IsC( Mmis!| dad 4 sts¢| ydgj d

tcOHJ dzO ydtfgacl  0CCE( yitf(fteg ts

w AG AG Wisstg OCCH L 89O

dzv Is § ) s dzdz
ts2

1 dzf t6

HH. B3( YOfi | 9a? ) ¢ lls ) 0] %

15.09.20| 9:30 47,5 37,4 1,4 50 23,7 2 21,57
15.09.20| 10:00 53 37,25 1,8 66 23,2 2,8 24,76
15.09.20| 10:30 700 36,56 7,8 278 24,24 11,2 7,97
15.09.20| 11:00 820 35,28 14,7 519 25,01 20,4 12,38
15.09.20| 11:30 910 34,04 23,3 796 24,1 32,1 17,06
15.09.20| 12:00 970 33,95 24,5 820 23,69 33,9 16,78
15.09.20| 13:30| 1027 32,98 25,9 841 25,2 32,8 16,28
15.09.20| 14:00| 1025 33,06 25 823 24,69 32,5 15,78
15.09.20| 14:30 925 33,15 23,9 789 24,01 32,2 16,76
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15.09.20| 15:00 930 33,36 22,7 760 23,38 31,6 15,93
15.09.20| 15:30 823 33,06 21,2 703 23,03 30 16,67
15.09.20| 16:00 51 33,35 1,8 61 24,08 2,4 23,03
16.09.20| 9:00 63,9 36,56 2,2 82 26,3 2,9 24,63
16.09.20| 9:30 66,7 35,86 1,8 67 25,82 2,5 18,94
16.09.20| 10:00| 167,6 36,56 4,5 166 26,86 6 19,21
16.09.20| 10:30| 200,5 35 5,4 189 25,73 7,2 18,45
16.09.20| 11:00| 108,5 34,9 3,7 128 23,09 5,3 23,29
16.09.20| 11:30 74,4 35,85 2,4 85 21,9 3,6 22,63
16.09.20| 12:00| 105,6 35,73 2,5 88 22,12 3,9 16,55
16.09.20| 13:00| 206,5 36,74 6,3 217 25,61 8,1 21,94
16.09.20| 13:30 27,4 39,35 0,4 17 27,01 0,6 11,24
16.09.20| 14:00 854 35,33 21,7 770 23,5 32 17,57
16.09.20| 14:30| 1125 35,84 3,7 128 24,5 5 23,07
16.09.20| 15:00 61,7 33,45 1,9 64 24,59 2,5 20,16
16.09.20| 15:30 140 35,04 4,2 146 25,25 5,6 20,57
16.09.20| 16:00 39,4 35,35 1 35 25,28 1,3 17,56
17.09.20| 10:00 81,8 38,07 2,2 91 24,65 3,5 20,04
17.09.20| 10:30 141 36,81 3,2 116 25,1 4,4 16,35
17.09.20| 11:00 30,7 35,29 1 35 25,75 1,3 22,50
17.09.20| 11:30 475 34,36 17,8 641 26,43 2,61 25,20
17.09.20| 12:00| 174,8 37,3 4,8 176 23,3 7,4 20,04
17.09.20| 13:00| 211,7 37 7,5 270 24,9 10,3 25,65
17.09.20| 13:30 93,4 37,26 2,7 98 25,31 3,7 21,08
17.09.20| 14:00| 110,4 37,7 2,6 102 25,63 4 17,37
17.09.20| 14:30 79,1 37,06 2,2 84 26,38 3 20,17
17.09.20| 15:00 34,4 35,29 0,9 34 22,89 1,4 18,07
17.09.20| 15:30 60,3 36,37 1,6 62 23,42 2,6 18,89
17.09.20| 16:00 38,2 35,22 15 42 23,47 1,6 27,06
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DIGITAL TWIN OF A PLANT IN GREENHOUSE HORTICULTURE: CASE STUDY OF PEPPER
(CAPSICUM ANNUUM L.)N TRANSPLANT PERIOD

E.N. Rakutkg S.A. Rakutkq A.P. Mishanov; A.E. Markova,
DSc (Engineering); Cand Sc. (Agriculture)

Institute for Engineering and Environmental Problems in Agricultural Production (IEBR3nch of
FSBSI FSAC VIM, Saint Petersburg, Russia

The article considers the experience of using digital twins in various industries and agriculture
Conceptually, digital twins should be a virtual representation of real plants in physical space. The mode
concepts associated with digital twins of crops shown to succeed to the information model of an
artificial bioenergy system developed earlier in the laboratory of energyeaolbgy aspectof
greenhouse horticulture. The wodimedto develop a mathematical model of a digital twin of an
individual gant, to test it on pepper plants grown in artificial lighting conditions and to determine the
response of the model parameters to the light quality. The created mathematical model included fc
modules: 1) primary biometric parameters; 2) optical progenif leaves; 3) description of phyllotaxis
and 4) assimilation indices of plants. An experiment was carried on sweet pepper. The irradiance was
emo | &M Plants were grown under radiation with different amounts of energy in the red and blu
bands,which differed by more than three times. The presence of isomerism of the genetic spiral ws
revealed. The type of phyllotaxis isomerism was statistically insignificant for all recorded parameter:
The effect of the light quality factor on tipdant height, leaf average thickness, chlorophyll content and
transmittance was statistically significant. The ratio of the frequencies of occurrence of left and rigl
isomers for the entire set of plants was found to be close to 2:1. The angle of alignment betwe
successive | eaves was close to the fAgol denodo ar
the light quality was not revealed. Several assimilation indices showed statistically significant depender
on light quality. The radiation use efficignm the process of photosynthesis was found to be 28% higher
under the spectrum with increased content of blue radiation. The created digital twin of a plant h
prospects for improvement in terms of creating a software shell that allows analyzingetopoent of
plants at the transplant stage.

Keywords: agriculture, greenhouse horticulture, digital twin, Industry 4.0, simulation model,
modeling

For citation: RakutkoS.A., Rakutko E.N., Mishanov A.P., Markova A.Bigital twin of a plant in
greenhouse horticulture: case study of pepp€apsicum Annuum L.)in transplant period
AgroEkolnzheneriy2021.No. 3(108):13-33 (In Russiaf
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EFFECT OF LIGHTING FIXTURES SPATIAL ARRANGEMENT ORNERGY AND
ECOLOGICAL PERFORMANCEOF GREENHOUSE HORTICULTURE

S.A. Rakutkd, DSc (Engineering) E.N. Rakutkd; A.N.Vaskirt.

YInstitute for Engineering and Environmental Problems in Agricultural Production (IEERNch of
FSBSI FSAC VIM, Saint Petersburg, Russia
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When designing greenhouse lighting systems, of importance are the issues of increasing ene
efficiency and improving the quality of the grmg environment for plants are important. The
research aimed to present a mathematical apparatus for describing the distribution of the radiat

flux over the surface, to substantiate and choose the parameters characterizing the uniformity dec
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of illumination and to investigate the effect of the spatial arrangement of lighting fixtures (their
suspension height and location against the boundaries of the irradiated area) on the energy .
ecological performance of greenhouse lighting. The article outlwesous approaches to
determining the average illumination value and presents the formulas for calculating the uniformit
coefficients. Experimental verification was carried out on a horizontal plane simulating the surfac
for growing plants. The proposedethod for assessing energy and ecological performance takes intc
account its two components: energy efficiency was characterised by the coefficient of efficient use
the radiation flow, ecological performance was characterised by the value invérseitoformity of

the generated illumination, the role of which in the greenhouse lighting was revealed from th
literature. The study revealed that with an increase in the suspension height of the lighting fixtu
above the plants, the energy efficiencytitd greenhouse lighting decreased. However, the value of
the ecological performance grew. The simultaneous action of these regularities resulted in t
complex dependence of the energy and ecological performance on the suspension height. To a cel
susgension height value, the energy and ecological performance increased to the maximum and tt
dropped. The study demonstrated that high energy and ecological performance was ensured with
symmetrical arrangement of the light sources.

Key words: greenhouse horticulture, lighting fixture, illumination uniformity, flux efficiency,
energy efficiency, environmental performance
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YIELDING CAPACITY AND QUALITY OF POTATO CULTIVATED BY BIOLOGY-BASED
TECHNOLOGY IN THE CONDITIONS OF THE LENINGRAD REGION

V.B. Minin', Cand Sc. (Agriculture); S.P.Melniko?, Cand. Sc. (Agriculture)
A.M.Zakharov, Cand. Sc. (Engineering): M. A. Vasile\}, Cand. Sc. (Agriculture)

YInstitute for Engineering and Environmental Problems in Agricultural Production (IEBf)nch

of FSAC VIM, Saint Petersburg, Russia

Feder al St ate Budget Educational Il nstituti or
Universityo, Saint Petersburg, Russi a

The updated HELCOM Action Plan Baltic Sea envisages increasing the share of agricultural lanc
cultivated by organic technologies by 2030 to 25% of the total sown area. In Russia, the Federe
Law on Organic Products in force from 01.01.2020 should also promote the switching of Russiar
agricultural producers to organic farming. To develop and pdesardg organic practices to
farmers, since 2016, the institute has performed experiments within organic crop rotation, including
fields with potatoes, beets and perennial grasses. The article presents the study results on pot:
cultivation by the biologybased technology. Three groups of factors were considered in the
experiment- the level of mineral nutrition provided by the compost introduction, the action of
AFl avobacterind nitr ogfanygicides. khe compost wab appliecirota c t |
doses corresponding to 80 and 160 kg N/ha. The potato tubers of the Udacha variety were treats
with bio-preparations during planting. Later, the same preparations were used for spraying the
leaves. Each plot area was 61.8 ifihe eperiments were helchifour replicationsAll analyses
complied with relevant state standards. The weather in 2020 featured relatively cold May and heav
rainfall in July and August. The content of mineral forms of nitrogen (mainly nitrates) in the soil
increased significantlyn June- early July. With an increase in the applied compost dose, the
content of nitrates in the soil also increased. The use of the developed technology, application of th
second dose of compost and-pi@parations allowed to harvest 31.8 t/ha ofid#ad potato tubers.

The preserving degree of potatoes duringmnsonth winter storage was 84-739.7%, of which
93.4% were healthy tubers. Bpweparations contributed to the higher share of preserved healthy
tubers, bringing it to 97% and higher. Duritigg storage of potatoes, the dry matter content in the
tubers did not change significantly; however, the nitrate content decreased.

Key words potato; organic production; compost; biopreparation; organic technology
For citation: Minin V.B., ZakharovA.M., Melnikov S.P., Vasilev M. A. Yielding capacity

and quality of potato cultivated by biologpased technology in the conditions of the Leningrad
Region.AgroEcoEngineering2021.No.3 (108):51-66 (In Russia
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The article presents ampproach to determining the optimal application rates of mineral
fertilizers with due account for their cost variation in perennial grass cropping on the example of the
cocksfoot grassOactylus glomeratp Fertilisers have a complex effect on the formatad the
grass yields. Their use significantly affects the-seHt of cultivated grasses. The feasibility of the
application amounts of mineral fertilisers was substantiated by mathematical methods of nonlinear
programming based on the created mathemlatimdel describing the dependence of the yield on
medium cultivated soils on the following factors: fertilization rates with nitrogen, phosphorus and
potash fertilisers, the number of cuttings during the growing season, and the height of the grass
cutting The problem was solved through the search for the target function. Two options were
considered determining the minimum cost (the optimal application rates of mineral fertilisers) of
the grass stand formation with the required yield and determiningptit@al yield, which can be
obtained with a different cost combination of mineral fertilisers. The study revealed that the
cocksfoot grass stands with the yield of 9 t/ha demonstrated the lowestsetif 533.4 RUR/t
under the double mowing at a heig@ifit8 cm and only nitrogen fertilisation in the amount of 311.2
kg/ha. The application of phosphorus and potassium fertilisers was advisable for the required yields
above 11 t/ha. The study also demonstrated that the cost variation of phosphorus fedilisbes
least effect on the setfost of cultivated grass and that of the nitrogen fertilisers had the biggest
effect since nitrogen fertilisation was most important for the formation of the cereal grass yield.

Key words perennial grass, yielding caty, mineral fertiliser, optmisation, ndmear
programming
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