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Optimization of the power supply system configuration
for a combined solar-storage-oil irrigation machine
with consideration of carbon efficiency
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(1. College of Mechanical and Electrical Engineering, Gansu Agricultural University, Lanzhou,

Gansu 730070, China; 2. Institute of Soil and Water Conservation, Ministry of Water Resources ,
Chinese Academy of Sciences, Yangling, Shaanxi 712100, China)

Abstract; This paper addresses the issues of unstable energy supply and high system costs caused by the mis-
alignment in the configuration of solar-powered irrigation machine power supply systems. To solve these problems,
an optimization model for the configuration of solar-storage-oil-powered irrigation machine power supply systems was
established, with consideration given to carbon efficiency. Additionally, using measured meteorological data and
historical photovoltaic power generation data, and incorporating the SARIMA time series forecasting methods, a
model for estimating photovoltaic power generation capacity was developed. This model can estimate the photovoltaic
power generation capacity of solar-powered irrigation machines and other solar energy systems. In this study, the
reel sprinkler JP75-300 was used as an example. Based on the irrigation system’ s requirements, the objective was
to minimize the annual cost, with carbon emissions and power supply reliability index as constraints. The decision
variables include the area of photovoltaic panels, the number of storage batteries, and the rated power of the gaso-
line generator. An optimization model for the solar-storage-oil power supply configuration was established. The opti-
mal configuration was determined using a complete search method, followed by performance tests and a carbon effi-

ciency analysis. The results showed that under the constraint of carbon benefit, the optimal configuration of the pow-
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er supply system of the photovoltaic oil storage sprinkler was composed of 5 battery packs, 7 m® photovoltaic pan-

els, and gasoline generator with a rated power of 1 kW, with a minimum annual cost of 1 312.69 CNY, and the

carbon emission during the 8—day test period was 8.27 kg, which was 38.39 kg less CO, than that of the traditional

sprinkler irrigation machine. This study optimizes the configuration of the photovoltaic energy storage and multi-en-

ergy collaborative irrigation system while ensuring the performance of the power system. It verifies the system’ s en-

vironmental friendliness, power reliability, and economic feasibility. The integration of renewable energy systems

with irrigation technology holds significant potential for the application and promotion of photovoltaic irrigation sys-

tems in arid farming regions of the northwest.

Keywords : solar-storage-oil ; hard-hose traveler; configuration optimization; PV forecasting; carbon efficiency
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Table 1 Evaluation index of photovoltaic power

generation power estimation model

i EiEgan Il ZRe XA
Evaluation indicator Train set Test set
R? 0.946 0.944

RMSE 0.068 0.070

MAE 0.042 0.044

Il {5 Actual value

J

S

Tl {i Predication value
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Fig.2 Scatter of the predication and actual

values of the SARIMA model
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Table 2 Input parameters of the optimization

model for simulation

Z¥% Parameter $0{H Value
FEARMALA Photovoltaic panel cost/CNY 1000
E A The cost of the battery/CNY 600
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JHHEZAK R Inflation rate/% 3.5
BFFHEFR Years of operation/a 20
R % .
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SRV RS R %0
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SRS TR 20
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RIS Gasoline cost/ (CNY - L71) 7.25
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Fe KRB E U L Maximum energy spillover ratio/ % 0
R A 0.246
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W%?;& Be } 0.0815
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W4 {542 225 Debt repayment coefficient of funds 0.037
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Table 3 Main parameters of PV system
its 24 HfH
Part Parameter Value
g IE(H )R Peak power/W 260.00
P)}‘]ﬁ{j(,%f+ W& HL K Peak voltage/V 49.71
oto ic .
A I HL I Peak current/A 5.25
module
1B Area of components/m? 7.00
S %51 %E HL . Rated voltage/V 12.00
?n ! HisE Ak Rated capacity/Ah 120.00
atter
Y E HE Number of batteries 5.00
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(kWh - L") 9.2 kWh « L™ ;8 4 Sk HE i 1A
F(kg - kWh™') 5 0.267 kg - kWh™',

)% Power/kW

04-13 04-14 04-15 04-16 04-17 04-18 04-19 04-20
H 1 Date (m-d)
W 15 % ) 5 % Effective output power
[ £ 4t 7% 3K 2 % System power requirements

7 BENERDESRRRBINEI L
Fig.7 Comparison between the power demand
and the power generation of irrigation machine
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Table 4 Main results of simulation

ERY KB 2 ES W iR Sz e L I ] i H e
Date Total solar radiation System power generation Load power demand Power shortage Overflowing energy
(m=d) /(kWh - m™?) /kWh /kWh time/h /kWh
04-13 7.81 9.03 6.78 0.00 2.25
04-14 7.75 8.99 6.78 0.00 2.21
04-15 7.65 8.90 6.78 0.00 2.12
04-16 3.70 4.27 6.78 2.97 0.00
04-17 5.31 6.19 6.78 0.70 0.00
04-18 5.11 5.96 6.78 0.98 0.00
04-19 4.95 5.79 6.78 1.17 0.00
04-20 7.74 9.03 6.78 0.00 2.25
J57T Total 50.02 58.16 54.24 5.82 8.83
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443 #ERE-B TEMHIN B, B ROR IR T& B
HhAERE Z Gz 17 i i T FE 119 L BB AV & L AL
FERGeia 17 I iR B8 i v, B i HE O T 5 28 X
ﬂn‘F[24—25] .

C=E, +C, (21)
o, € Rtk i 2 S8 i SR HERC (L Co, HE R
TF,ke) s ECN B FHBY BERIM & AL BHERL (L) CO,
HECR T ke) 5 C, L taE 17 At T AR L RE AR 1Y
WcHEL (LA CO, HEBUR T, ke) ©

C, = WI'YoB (22)
X, W R RGEIHR(KW) 3 T4 RGEHE s
FRYBFIE] (h) 5 B A 5K | R HE i LT (kg
kWh™') B 1.28 kg - kWh™'; Y R fdi v (a) , HL
20 a,
444 FEFUB IR B EHELT SR A,
SPEARRAERL TR AR

C,=C, +C, (23)

C,=A, X556 xa (24)
E, xT

C, = x 23.3 (25)
1000

Ko, C oM 5B B i HE S (DA O, R & 1T,
kg) 5 C, A OGAR MR % 20 76 4% fiff R AR I 77 26 1) i
Hedil (LA COHE R kg) s C & I AEER R 7
AR HERL (L)L O, HECR T k) o

4.4.5 FLEH R ATHERTAL K56 R 7E
it FH B BEFN 1% 57 B B O fith vl Mt 3 1L — S 7= A 827
kg SARRR A OR FH TR R EHE AL 356 10
B]— LT 77 46.66 kg LR , J2 A I M AL
SRR Y 5.6 £,

4zt B

1) 256 K PH A8 W E AL EL IR DA SR & B
DI BTSSR & o Tl R R 8 | 76k
KRR 22 REVR VT Fic A0 7K U TR 4 AR AR 25 A 110 3
fih b, FIFH SARIMA #L#% 2 > 7 % i@ Sr 1 Bk AL
FHL 2R G0 MG AR ] SRy 4% b IX AR & A T A B
5%

2) I IEAis i HE ATLAT) 46 4 9 4 s L ik R SR IT
BCPEATR AT MR &, 76 2% R AR AR 4 I 2 Atk i T
SEMEREAR AR T d S A A e B R R A o8
S RIL KA R T OB mEE P R S
RECE A 7 m*YeAR A, 5 B 120 Ah F L, 1Rih &k
HHLEE DI | kW, A/ NAR A 1 312.69 I,
SEFAT Ry HoA R PH AR %S 25 Bl B AR (S % |

3)FES MM X AT NI 8 d Ayt e M BB I G

USUE 7T PVSYST it RGE M AT S RSkl
0 58.16 kWh, AJ i /& 54.24 kWh (1911 387 L&
[FIEEX Re RA 2 AEA T 15 3 A O T S i LA R, 1 R
gt il kB > T 4.6 fxmHER, ]
W IE L 3 e Rt DX P ' i el S ML A ) N
RS %

& % 3 k.
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