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Research on power generation calculation methods for offshore floating photovoltaic
systems*
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Abstract: As an emerging offshore solar solution, floating photovoltaic technology can support the energy transition in coastal
regions, expand the utilization of marine resources, and has broad development prospects. It is expected to provide significant
support for the country's “3060” dual-carbon strategy. To address the current lack of research on power generation calculation
methods for offshore floating photovoltaic systems, this study proposes a power generation calculation model based on the wave
dynamics and other marine environmental characteristics of the target sea area. First, based on wave mechanics and floating body
hydrodynamics, and considering the steepness of the target sea area d as a small value (wave height 4 / wave length / < 1) as a
boundary condition, the study uses the irradiation energy efficiency # and the time-averaged tilt angle ¢ to quantify the long-term
impact of waves on photovoltaic modules. This yields an equivalent irradiance objective function for the inclined surface under
regular wave action. Second, considering seawater reflection, evaporation, and convection, the influence of module backside and
water surface cooling effects is incorporated. A practical calculation formula for backside irradiance and a water surface cooling
effect factor are introduced to characterize the positive gains from the module backside and water surface cooling. Finally, a
comparison with field measurements at the target site demonstrates that the calculated values deviate from the theoretical values by
less than 10%, which falls within the expected margin of error.
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Fig. 1 Schematic diagram of three types of solar irradiation

Ml AT B DX




RN TR FOLIR R G A A T AT

181

ARV T Y R R K- F- TR PR 1Y) PRI
Gy, T E AR B AGCL SRT 2 ] B LA ¢ £
AKP-P T BB AT T3, LA B B0R-F- T Y
LgG
11 EEmHEREREE ST

56, T LWL AR B o R 5K
SR ML Z TS, B LR A IE, JEmEN G 9, N
BT T A D7 02 ff, B B b A, Iy ) ok
1E; 0 JEFE Hbak O AR B oG i 26 5 MR R 18 - T
FIJEF, FRINE AR, o 2 4a HBRFRTH b 1 SRR FH
B G MTLZ [IIAf, FRORPH R EE A y 2 TRHER
FI BN R BH B L AE M- T A BOY FE
Ji I Z BB, FRRBA AL f . Herr, ASFRRDES —
AR VAL Z R 0 AT R:

cos @ =(singcos f—cospcosy, sin fsin )+
(cosgcos f+sin@cosy, sin f)cosd cos @
K o WML, o HETA, A
sin @ = sin @sin & + oS ¢ COS O COS W 3)

2, XTI I R R AR, y, =0, A

cos® =sin(p—B)sinS +cos(p—fB)cosScosw  (4)

b A v A B 1 S R R (E ) T 2 5 /K S TR BH L
SR IR (Bn) B R, 8 KRR AT RR R HAE 45,

2023):

E
k=—¢ )

hd

S P N ENE R DR TR S S s

IRV M T B R R () P I R R Wl
WAFE] AR bR B SR IR R 7 (O Y TR X
i (Liu et al, 1960; PRIEHE 45, 2013; 714, 2015):
cos@  cos(p—f)cosdcosw+sin(p—f)sins
sina COS @ COS O COs W+ Sin @sin &
FH PSS e R S ] R, R T A sk R T 1
K PR HCH 4 B BB AR IR MERY, 35 TR R B R
FHEBUR 2% 73 i B A 25 1] [ 1, 320 2% 10 T A4k 1o K BH A
S R (Ey) 5 7K1 THT HICH 6 R (B O G 2OA:

E, = E,, (M

K =

(6)

K BH 2 S i 2 S i S S SR, W
[E] B IE R AR, ﬂﬁﬁfi%ﬁ%ﬁ.jﬁ, Uit i o BH 2 B 4
B E 8R(ER 55, 2017), Ha B =00

1—cos
Etr :th 2 ﬂ (8)

K p I SRS By KPS O
R IR (BngtEns) o
25 TR, R ER I K B AR R A A U

1+ cos 1-cos
E:KEhd+TﬂEhs+p : PlE,+E) ©

1.2 ETRRKMAIEZ R EiE R el o 7

X TR O AR H iy, 2 [ 2 e A T
TR L, 725 BE PR AR S 18 32 T IR AVE RN Wit . e
R iz o), 13X FBOGRALE A7 58k B8 S0 i AL
ZIAEAS Ak, ST R 0 21 L e T DI YRGS VI
AR K H ik R AN P 87 B 220 5 ] P T
PERA L, 2818 BB ] RN e TR IR B Bl ma v, Sk
éﬁﬁiﬁﬂﬂzﬂlﬁﬂﬁ Tia] (-3 S AN S ol e
Wogs S, — R EE TR A BE AR B A R A R G R HL
AN S s T AN S TS N1 Al TP S e =3 s
1.2.1  FARE 57

B, [AMEENE, Z2REEm, BRE AR
Vi Vi SR D TR 2 U R () /DS, /ﬁk(l)jtﬁﬁf%)ﬁ, .JHS/EZ
BE(d)yEm 5/INMd = b/l < 1), BN, FRETTIRIHRUT
VR, O AN Tm, SRR Ss, SEH K
9 39m, A d=0.025 (BRSCHE 45, 2021), £FxFk
] DR S VAV S S TR S PR O, AR 9 SR FH R M e T
G, DLBIRIEBE d R/ ME R EIAR S MR, BFST i
L AR A2 Bl ) B R X R A S R
M), 22 W YR e T AR L M By, WHBTRGZ sl T4k fk
AbF(Charlotte et al, 2011),

TR R RS T s S I . ARE
FHOCHIFSE, IRIZ Bl RIS TR 7E R K X B Y12 3
P R BIE, I ELICA K T A A9 18] 2 4208 3 i K
o XFRILG AT LLE A I sh NS AR 3l 1 2 1 B
KR, WK 2 FioR, FEERKIX, ZK T 5 Y38 shaulik
SRARFEFRDE, (H K- oA 2 B 2Pl 2 il /K TR Y

B2 R MKz sl s S

Fig. 2 Schematic diagram of water particle motion trajectories on wave surfaces
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JCHEE R AR, s e R AN, £
FEREAOCRA NS RTE G 4EY, TS HaE% &
DL SRBE K il 32, N TBERIAHE, A Shidvelas A
NI AN BRI TR . X TCEE N I3 — TR T4
PRUESY . T SR 2 VR AN A )R, RZ
B TR A ERCR
233 HHRFIRTHREME

fEE . @, SRS, 1 LR
T S R S Tl M ) K B IR LR PR, KRB
A B LR —BEIR £ TR AL P (ethylene vinyl acetate
copolymer, EVA)ZKf#A: BUBATR, B2 AR T 4k oo
RN, KL H RS SN 1, B SR
SNE, T ok el e A2, 85 R I L BEL A T v,
ARAL A LR RS . TR BE (B 12.4mg-m™
~60mg'm™ (ffi I RS R EEIEN 0.8mg'm™), £k
Z5 R JE Pk A RN, H LT, S faE
o, PE . TROARMERE . AR SR PR S I
37 15 5 %% W (potential induced degradation, PID)Zi N,
IR

X ERBUR IR, 855K R GRSk
CRARCR R BPRILIT G IR IS N 5 ik, Bk
Yiht PAEYEAS SRR, 4 52 B XAk 8 (2 =i 4,
2016).

3 VTR EOGIR & B R G K H B AR AR
27 R G R B B T AR A
(GB50797-2012)(HrAe N\ AL A EAF 5 Fyk £ g8,
2012), EEPE A CARAE K v m] R R T A kAT

k=N
E, =E;um%1>[1—§(9w—95)] (31)

K E, HEFROCRAE LR (AL kW-h); & SRR
FEREK, 0, FKFRIREE (AL °C); O, APnENNR S
TR (AL °C); Py, A BARHE GRS = (R
fir: kW), Eg AR EIMNRA S AE T 9K FRER B, U
1kW-m™2,

R GG UEAS I 5 i S DN SR 326 PR 2Ok
RGGHAE R XS b SR, 00tk 1L Stk 2, #6if)3%
hb T FE L Meteonorm HICHE 2 % [Ty 4F-F- 34 K PH 4R IR
FE, JFARAE Klein AT B A i i 422 05 i) K BH
WERE . 2R 2 o izt 1 H ¥R HAR RS O o
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Tab. 2 Solar irradiance data for Site 1

Ahy SR I/(kW-h-m ™) 4RI /(KW-h-m ™) TR IR /(KW -h-m )
1A 80.42 4781 32.61
2A 81.57 50.65 30.92
3 A 109.90 69.14 40.76
4 A 120.31 74.44 45.87
5H 133.83 79.61 54.22
6 A 146.52 74.10 72.42
7H 195.24 7791 117.33
8 H 176.52 76.61 99.91
9A 143.94 70.03 73.91
10 A 116.62 63.61 53.01
11H 81.83 48.71 33.12
12H 77.93 4532 32.61

HEAh, RGP 2 DR SR AR . ZRRR
MR R SR, 455 KRBHARIREE, SRRk nT B
TEHES A a8 Rl B S AR S Rt AR, A L

RTINS, WOKSCGAM . AR B |
ROR B, RABIFOCR S At DAY, Al 58
HARIRIZAE T B H P2 AR B A, A3k 3 B

%3 FHt 1. 2R EAHESKRENELBEERM: kW-h)XTtE

Tab. 3 Comparison between theoretical energy generation and model-estimated energy generation for Sites 1 and 2 (unit:

kW-h)
Ay Yk 1 AARA 1 Bk 2 AAAL 2
1A 9961.37 10554.55 20636.69 22087.56
2 A 8388.14 9120.45 18929.31 20423.23
3H 11282.42 12341.89 24158.84 26186.04
4 A 12714.52 14016.87 24694.25 26927.05
5A 14076.05 15573.00 26873.04 29357.16
6 A 13301.89 14744.15 28807.16 31504.27
7A 15663.81 17344.61 38028.63 41580.09
8 A 14130.01 15614.22 35365.16 38580.75
9 H 12033.76 13219.37 30057.62 32684.38
10 H 10957.61 11933.74 26927.98 29047.51
11 H 10085.90 10792.34 20298.87 21781.64
12 A 7662.75 8294.58 21259.63 22651.41
SR #) 140258 24 153549 #) 316037 24 342811

3% 3 0], XT3tk 1, AW RITHR etk
AR IR S S EA 222 9.4%, X Tt 2,
ARWESE T4 5 B ) G AR AR Bk B B B 5 BB AR
524 8.4%, HTE 10% LI, £56 T 25 (ERR B, w] WA
AT BT 5 v REAR A B0 LG IR K A& i, Rl
TR RO CR TR AR IR ANEES ZME.

4 PRy

g BB OB R RSN R . B
= sV SR, XV X BE VR4S A B B E IR
5, WA E N AMIFGE IR o B X PN AT i ek
FEAREETE: R G ARG B BUR, AR S RN AT T
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