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Tab. 1 Results of water-saving by floating photovoltaic development in the middle route of South-to-North Water Transfer Project
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Fig. 3 Results of water allocation in different periods under different scenarios

-n- fIETEAMK —— IR K

Sa- PJEAK e AT R K

sol f‘v%“f%}bﬂf f%“fﬁ%‘h}(‘
A R T PP
Ay

ss5f

4 BFETREAMKERIKEIEFERKGTE
Fig. 4 Annual water level process of Baiyangdian under different

demand scenarios before and after water replenishment

(2) FIHETET . AR SR AT, I T i kb K
BFBA TP1 88 TP2, IZBLE 7 5 T FIFETEAMK TG
By KA A AL LI 4, FFETETE TP1 A TP2 I Brdz i
KK, 45 H KA B AR &, s KA (8] 4 4
6 X ) 6 2 RIK R 75% LA b, AR T TE N Bk
KGR . KA A E AR N KA A8 A B R R 5
TR PR, (HR A 2 A S & 3—4 Ak
FNEAE, S P =5 AR KOG (3—6 ) HIZKAR LR B,
UE AP 35 28 A (B RN K 9 T8 08 1 B8 ) (] 26 1) e
e, TRV A e VT 0 2 B RL 25, A K IR O X
BLEE G PR R IK SR ol a3 . YA
IKPER AT, 5 i A K B B a) TP1, LA H

IKIEAE 10 A 7= A 550K 2 PHT KRR B A,

el UL AR B B M ) TP2, LA R AR AR 7K 8 BE % &
HL P AR AN R

4 Z£ie

L5510 K IR TT R K TG AR 1 28 1 19

K A AT B AIF 5T, A A S b R K U5 b By 3%
2510 22 BAR AR BERE AR, LR S 4 R A (B3 1 A
K ARG IR PR R 7 1 e KR K I P 7K % 25 4t
Kine/NRZ bR, I LA PEVE NG X3k, 2245
WA KT AR 25 & 157K Ry (B e St AR 3
KR, Wb P S R S A (G o, oK B R R
AE 13, (EG PRV T K P 22 H £ 3 S A S
FEESEML . PR AR TR, PB4 3 I E 551
BN 0.5 12, 2.6 {ZF1 5.5 4258, K B EAR B AE 1143
WL 61%. 42% F1 28%, FHT. 10 K JFE = | S Fikh
e AK AT 14 SF- 25 fe /N 2 HL A 2R R 0.25 42, 0.38 42 A
0.43 12 kW-ho FHL K 7E FAKAE RS- 7K AR 0] 41
SRS PR VE SR H bR, AN KA N TR 2225 8k
HR, DASEBLEE A AL s e ft o BT 7 D 12 s A
YT K PR AN [) 1) 2 At 1 3 155 5 o0 AR Y T 3B E Y
KT AR 2% R K B R R . R
KT R, B A KB Bk 3—6 H A1 9 H;
FIEESE L A K T SR s, E s g I i kK s Bl
10 H—WA4E 2 A8 3—6 A, FHTOKEE& L4
PHATRE J7, T 1) P D N A S K SR AT R T K
A ) RUBE AL AEL, B2 BRAE R K I Sl N IR
AEBRZ M AR BT . T A SR BE A BR, A S
S B U PRT T UE M APV 1 K B
G, A e WEoE ] it —25 R AR 2 AT K
ZBNEA A, LA E AR A ) RUBE R A1 B
PE— A SE R EE RO EAAT K DGR 2%
52 AT K AT AR B R A S T AR A R, A
LA Sh T Hh AR TS R G A R, B AR XU
TF 5% 45 5 SRy 7K AR 0 78 & A4 TG I 0919 7K o
TR E AR TR B

KX KRE R T4T .



F21% B4l @A ARA R CEESO

2023 4 8 H

S35 3CHk:

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

- 748 -

SAHU A, YADAV N, SUDHAKAR K. Floating pho-
tovoltaic power plant: A review[J]. Renewable and
Sustainable Energy Reviews, 2016, 66: 815-824. DOI:
10.1016/j.rser.2016.08.051.

CHOI Y K. A study on power generation analysis of
floating PV system considering environmental im-
pact[J]. International Journal of Software Engineer-
ing and Its Applications, 2014, 8(1): 75-84. DOL: 10.
14257/ijseia.2014.8.1.07.

KUMAR M, NIYAZ H M, GUPTA R. Challenges
and opportunities towards the development of float-
ing photovoltaic systems[J]. Solar Energy Materials
and Solar Cells, 2021, 233: 111408. DOI: 10.1016/j.
solmat.2021.111408.

FERRER GISBERT C, FERRAN GOZALVEZ J J,
REDON SANTAFE M, et al. A new photovoltaic
floating cover system for water reservoirs [J]. Renew-
able Energy, 2013, 60: 63-70. DOI: 10.1016/j.renene.
2013.04.007.

TR, RAkSE, BESCR, 4. EREROUIR A RGAER
I B DA R (0], TR e 55 i, 2019(21):
142-145. DOI: 10.13616/j.cnki.gcjsysj.2019.11.049.
REDON-SANTAFE M, FERRER-GISBERT P S,
SANCHEZ-ROMERO F J, et al. Implementation of a
photovoltaic floating cover for irrigation reser-
voirs[J]. Journal of Cleaner Production, 2014, 66: 568-
570. DOI: 10.1016/j.jclepro.2013.11.006.
REDON-SANTAFE M, FERRER-GISBERT C M,
FERRAN-GOZALVEZ J, et al. Self energy produc-
tion by a floating photovoltaic system covers for irri-
gation reservoirs [C]//Project Management and Engi-
neering: Selected Papers from the 17th International
AEIPRO Congress held in Logrofio, Spain, in 2013.
Springer International Publishing, 2015: 207-215.
DOI: 10.1007/978-3-319-12754-5 16

HAFEEZ H, JANJUA A K, NISAR H, et al. Techno-
economic perspective of a floating solar PV deploy-
ment over urban lakes: A case study of NUST Lake
Islamabad[J]. Solar Energy, 2022, 231: 355-364.
DOI: 10.1016/j.solener.2021.11.071.

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

AUGUSTIN D, CHACKO R, JACOB J. Canal top so-
lar PV with reflectors[C]//2016 IEEE International
Conference on Power Electronics, Drives and Energy
Systems (PEDES). IEEE, 2016: 1-5. DOI: 10.1109/
PEDES.2016.7914465
KOUGIAS I, BODIS K, JAGER-WALDAU A, et al.
The potential of water infrastructure to accommo-
date solar PV systems in Mediterranean islands[J].
Solar Energy, 2016, 136: 174-182. DOI: 10.1016/j.
solener.2016.07.003.
MCKUIN B, ZUMKEHR A, TA J, et al. Energy and
water co-benefits from covering canals with solar
panels[J]. Nature Sustainability, 2021, 4(7): 609-
617. DOI: 10.1038/s41893-021-00693-8.
YE B, JIANG J J, LIU J G. Feasibility of coupling
PV system with long-distance water transfer: A case
study of China's “South-to-North Water Diversion”
[J]. Resources, Conservation and Recycling, 2021,
164: 105194. DOI: 10.1016/j.resconrec.2020.105194.
BLET, FURAE, fTARTL, 55, REIR 5 /KR4 AR R
F: IR KA TA PSSO AR R T AR R (7). AR
2 53 R, 2022, 54(1): 16-22. DOIL: 10.15961/;.
jsuese.202101033.
BONTEMPO S F, TINA G M, GAGLIANO A, et al.
An assessment study of evaporation rate models on a
water basin with floating photovoltaic plants[J]. In-
ternational Journal of Energy Research, 2021,45(1): 1
67-188. DOI: 10.1002/er.5170.
IR, e GET . IR G IR L o A% A i AR ARl e
BERIPPAl A0 FEFZE 0], R AR, 2022, 41(4):
996-1005.DOI:10.7522/j.issn.1000-0534.2022.00062.
MA C, LIU Z, He W. Water surface photovoltaic
along long-distance water diversion projects and its
co-benefits[J]. Journal of Cleaner Production, 2022,
331:129924. DOLI: 10.1016/j.jclepro.2021.129924.
KUMAR M, KUMAR A. Experimental validation of
performance and degradation study of canal-top pho-
tovoltaic system[J]. Applied Energy, 2019, 243: 102-
118. DOI: 10.1016/j.apenergy.2019.03.168.
GORIJIAN S, SHARON H, EBADI H, et al. Recent
technical advancements, economics and environmen-

tal impacts of floating photovoltaic solar energy con-


https://doi.org/10.1016/j.rser.2016.08.051
https://doi.org/10.1016/j.rser.2016.08.051
https://doi.org/10.1016/j.rser.2016.08.051
https://doi.org/10.14257/ijseia.2014.8.1.07
https://doi.org/10.14257/ijseia.2014.8.1.07
https://doi.org/10.14257/ijseia.2014.8.1.07
https://doi.org/10.14257/ijseia.2014.8.1.07
https://doi.org/10.14257/ijseia.2014.8.1.07
https://doi.org/10.1016/j.solmat.2021.111408
https://doi.org/10.1016/j.solmat.2021.111408
https://doi.org/10.1016/j.solmat.2021.111408
https://doi.org/10.1016/j.solmat.2021.111408
https://doi.org/10.1016/j.renene.2013.04.007
https://doi.org/10.1016/j.renene.2013.04.007
https://doi.org/10.1016/j.renene.2013.04.007
https://doi.org/10.1016/j.renene.2013.04.007
https://doi.org/10.13616/j.cnki.gcjsysj.2019.11.049
https://doi.org/10.13616/j.cnki.gcjsysj.2019.11.049
https://doi.org/10.1016/j.jclepro.2013.11.006
https://doi.org/10.1016/j.jclepro.2013.11.006
https://doi.org/10.1007/978-3-319-12754-5_16
https://doi.org/10.1016/j.solener.2021.11.071
https://doi.org/10.1016/j.solener.2021.11.071
https://doi.org/10.1109/PEDES.2016.7914465
https://doi.org/10.1109/PEDES.2016.7914465
https://doi.org/10.1016/j.solener.2016.07.003
https://doi.org/10.1016/j.solener.2016.07.003
https://doi.org/10.1016/j.solener.2016.07.003
https://doi.org/10.1038/s41893-021-00693-8
https://doi.org/10.1038/s41893-021-00693-8
https://doi.org/10.1016/j.resconrec.2020.105194
https://doi.org/10.1016/j.resconrec.2020.105194
https://doi.org/10.15961/j.jsuese.202101033
https://doi.org/10.15961/j.jsuese.202101033
https://doi.org/10.15961/j.jsuese.202101033
https://doi.org/10.15961/j.jsuese.202101033
https://doi.org/10.1002/er.5170
https://doi.org/10.1002/er.5170
https://doi.org/10.1002/er.5170
https://doi.org/10.7522/j.issn.1000-0534.2022.00062
https://doi.org/10.7522/j.issn.1000-0534.2022.00062
https://doi.org/10.1016/j.jclepro.2021.129924
https://doi.org/10.1016/j.jclepro.2021.129924
https://doi.org/10.1016/j.apenergy.2019.03.168
https://doi.org/10.1016/j.apenergy.2019.03.168

L&, %

KT AR 0 2R A R X R K B B ph B —— DL R R AN K A

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

version systems[J]. Journal of Cleaner Production,
2021, 278: 124285. DOIL: 10.1016/j.jclepro.2020.124
285.

ASSOULINE S, NARKIS K, OR D. Evaporation
suppression from water reservoirs: Efficiency consid-
erations of partial covers[J]. Water Resources Re-
search, 2011, 47(7). DOIL: 10.1029/2010wr009889.
DOI: 10.1029/2010wr009889

PRINSLOO F C, SCHMITZ P, LOMBARD A. Sus-
tainability assessment framework and methodology
with trans-disciplinary numerical simulation model
for analytical floatovoltaic energy system planning
assessments[J]. Sustainable Energy Technologies
and Assessments, 2021, 47: 101515. DOI: 10.1016/j.
seta.2021.101515.

FARFAN J, BREYER C. Combining floating solar
photovoltaic power plants and hydropower reser-
voirs: A virtual battery of great global potential [J].
Energy Procedia, 2018, 155: 403-411. DOI: 10.1016/

j-egypro.2018.11.038.

RAVICHANDRAN N, PANNEERSELVAM B.
Floating photovoltaic system for Indian artificial
reservoirs: An effective approach to reduce evapora-
tion and carbon emission[J]. International Journal of
Environmental Science and Technology, 2021, 19(8):
7951-7968. DOL: 10.1007/s13762-021-03686-4.

FERAL, AR, Gy, &5, A KT PR TE N
i AT B R A R2 e (D], 599 Bl 2%, 2022, 34(4):
1197-1207. DOI: 10.18307/2022.0413.

A, D, XULR, 4. % K BRI
YLK IESEK PRI 0], /K3, 2021, 41(3): 82-
87. DOL: 10.19797/j.cnki.1000-0852.20200067.
ARG, BE T A I TEVE L s ALK PRI Gtk
AL EERFSE (D], $5 1 B K%, 2020. DOI: 10.
27166/d.cnki.gsdcc.2020.000174

A 5] A BN TR B I K A B R
58 [D]. A€ : kgl K%, 2020. DOI: 10.27109/
d.cnki.ghbnu.2020.000157

FLETHMy, A, Soal], 6. AR RGEFTTN
IR LT]. WA= 25254, 2002(4): 486-490. DOL:
10.13287/4.1001-9332.2002.0116.

At AP, 0T, 45, I PETE I R A

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

FAGRR E BRI eI (1], AR EER-244], 2009,
28(12): 2603-2607. DOI: 10.3321/j.issn:1672-2043.
2009.12.026.

KR, 5w, HETENHAE SR 55 T e K
i3 (I, M KL I8 5 K R FHE, 2005(4): 22-25.
DOI: 10.13476/j.cnki.nsbdqk.2005.04.008.

SREFAR, WaARs, B A FIVETERH AN K 19 A K
ai i PAL [T]. A 5 AR PR AR, 2013, 29(5): 605-
611. DOL: 10.3969/j.issn.1673-4831.2013.05.011.
SR, NN IESC, G &, 45, TR A A
IKAZS R G S5 DM s S PPk L DAL 23]
il (0], A2, 2007(6): 2349-2354.

THRRI, 22550, 2k IR TE K B S R X i s
FIRY R R AR A (1], 1 AR 224,
1995(1): 76-80.

1A, BT, AT, FIETE K AR AR 256
F AR AL A BRI [T]. FREERE:, 1995(S1):
32-34. DOI: 10.13227/j.hjkx.1995.51.013.

WIAE, BRBH &z, IRISVAN D, 25, [ B 3E H X
V64T P 2500 1t TE BRAE AL 5 K ALY 56 R [T, 7K R AR
Fro#4Hk, 2005(4): 181-184,189. DOI: 10.13870/j.cn-
ki.stbcxb.2005.04.044.

TR, MR DX b T K G5 Rl e ) P P
WF5E (D], b 5t v [ 4 B K %%, 2020. DOI: 10.
27493/d.cnki.gzdzy.2020.000004

SKENRN, BRIRIE, {43 A JE TR SR Jm B Y (Ve e
AT SR R B 5T (0], T K24 (A 2R R
2% Ji), 2010, 38(3): 252-257. DOI: 10.3876/j.issn.
1000-1980.2010.03.00.

ER L, TR, ARG, S BT IX T vE M
by 2R 7K LR 7K e Ak G 3R B X 7 2 40 A 1Y 5
Wi (7] HF [ 15, 2021, 48(5): 1368-1381. DOI: 10.
12029/g¢20210504.

G, THET, 22K MG, 5. FE KL IR 2 & K R
IEATAE BT I (4 ) A5 % 5 (0] R K AL 5 7K R
BHE (9 30), 2015, 13(6): 1191-1196. DOI: 10.
13476/j.cnki.nsbdqk.2015.06.036.

2. 5] # A STANE TR K LT A4 404 [D].
55 b 4Rl K 2%, 2020. DOIL: 10.27109/d.cnki.
ghbnu.2020.000021

KX KRE R 749 ¢


https://doi.org/10.1016/j.jclepro.2020.124285
https://doi.org/10.1016/j.jclepro.2020.124285
https://doi.org/10.1016/j.jclepro.2020.124285
https://doi.org/10.1029/2010wr009889
https://doi.org/10.1016/j.seta.2021.101515
https://doi.org/10.1016/j.seta.2021.101515
https://doi.org/10.1016/j.seta.2021.101515
https://doi.org/10.1016/j.seta.2021.101515
https://doi.org/10.1016/j.egypro.2018.11.038
https://doi.org/10.1016/j.egypro.2018.11.038
https://doi.org/10.1016/j.egypro.2018.11.038
https://doi.org/10.1007/s13762-021-03686-4
https://doi.org/10.1007/s13762-021-03686-4
https://doi.org/10.1007/s13762-021-03686-4
https://doi.org/10.18307/2022.0413
https://doi.org/10.18307/2022.0413
https://doi.org/10.19797/j.cnki.1000-0852.20200067
https://doi.org/10.19797/j.cnki.1000-0852.20200067
https://doi.org/10.27166/d.cnki.gsdcc.2020.000174
https://doi.org/10.27166/d.cnki.gsdcc.2020.000174
https://doi.org/10.27109/d.cnki.ghbnu.2020.000157
https://doi.org/10.27109/d.cnki.ghbnu.2020.000157
https://doi.org/10.13287/j.1001-9332.2002.0116
https://doi.org/10.13287/j.1001-9332.2002.0116
https://doi.org/10.3321/j.issn:1672-2043.2009.12.026
https://doi.org/10.3321/j.issn:1672-2043.2009.12.026
https://doi.org/10.3321/j.issn:1672-2043.2009.12.026
https://doi.org/10.13476/j.cnki.nsbdqk.2005.04.008
https://doi.org/10.13476/j.cnki.nsbdqk.2005.04.008
https://doi.org/10.3969/j.issn.1673-4831.2013.05.011
https://doi.org/10.3969/j.issn.1673-4831.2013.05.011
https://doi.org/10.13227/j.hjkx.1995.s1.013
https://doi.org/10.13227/j.hjkx.1995.s1.013
https://doi.org/10.13870/j.cnki.stbcxb.2005.04.044
https://doi.org/10.13870/j.cnki.stbcxb.2005.04.044
https://doi.org/10.13870/j.cnki.stbcxb.2005.04.044
https://doi.org/10.13870/j.cnki.stbcxb.2005.04.044
https://doi.org/10.13870/j.cnki.stbcxb.2005.04.044
https://doi.org/10.27493/d.cnki.gzdzy.2020.000004
https://doi.org/10.27493/d.cnki.gzdzy.2020.000004
https://doi.org/10.3876/j.issn.1000-1980.2010.03.00
https://doi.org/10.3876/j.issn.1000-1980.2010.03.00
https://doi.org/10.3876/j.issn.1000-1980.2010.03.00
https://doi.org/10.3876/j.issn.1000-1980.2010.03.00
https://doi.org/10.3876/j.issn.1000-1980.2010.03.00
https://doi.org/10.3876/j.issn.1000-1980.2010.03.00
https://doi.org/10.3876/j.issn.1000-1980.2010.03.00
https://doi.org/10.3876/j.issn.1000-1980.2010.03.00
https://doi.org/10.12029/gc20210504
https://doi.org/10.12029/gc20210504
https://doi.org/10.12029/gc20210504
https://doi.org/10.13476/j.cnki.nsbdqk.2015.06.036
https://doi.org/10.13476/j.cnki.nsbdqk.2015.06.036
https://doi.org/10.13476/j.cnki.nsbdqk.2015.06.036
https://doi.org/10.13476/j.cnki.nsbdqk.2015.06.036
https://doi.org/10.13476/j.cnki.nsbdqk.2015.06.036
https://doi.org/10.13476/j.cnki.nsbdqk.2015.06.036
https://doi.org/10.13476/j.cnki.nsbdqk.2015.06.036
https://doi.org/10.13476/j.cnki.nsbdqk.2015.06.036
https://doi.org/10.27109/d.cnki.ghbnu.2020.000021
https://doi.org/10.27109/d.cnki.ghbnu.2020.000021

F20% F A4 BAAE S ARBECFE) 2023 4 8 A

Optimal allocation of water saving of evaporation suppression
by floating photovoltaic: A case study of Baiyangdian Wetland

MA Chao, LI Xinyang
( State Key Laboratory of Hydraulic Engineering Simulation and Safety, Tianjin University, Tianjin 300350, China )

Abstract: Floating photovoltaic is a system where traditional photovoltaic modules are placed on free water, such as
reservoirs, lakes, water transfer projects, coal mining subsidence area, etc. Through the shading effect of modules
and other components, floating photovoltaic can reduce water evaporation and it has great potential to save water by
suppressing evaporation after large-scale development. In recent years, a large number of studies have focused on
the evaporation theoretical calculation model of water with floating photovoltaic and the quantification of water-
saving benefits. However, there are few studies on the utilization of water-saving by suppressing evaporation of
floating photovoltaic. How to reconfigure the above-mentioned water-saving to achieve the optimal utilization of
water resources is an urgent problem to be solved. Due to climate change and increased competition for water
resources, wetlands are facing serious water scarcity. The water transfer project not only is the engineering basis of
wetland ecological replenishment, but also provides a broad water area for the floating photovoltaic construction.
Based on this, the aim of this work is to purpose the optimal allocation of water-saving by suppressing evaporation
of floating photovoltaic combined with wetland ecological water supplement.

An optimization model was constructed with multiple objectives of maximizing the incremental value of
dominant species in wetlands, maximizing the incremental capacity of wetland water security and minimizing the
loss of water use benefits in water sources, and the genetic algorithm was used to solve the model. Based on the
results of scenario simulation, the competition relationship between multiple objectives was revealed and
suggestions on water resource allocation for wetland ecological water replenishment were put forward. The main
canal of the Middle Route of the South-to-North Water Transfers Project and the reservoir along it were taken as the
water area for floating photovoltaic construction. A case study was conducted with Baiyangdian, a typical wetland.

The results showed that when the floating photovoltaic covers 50% of the Middle Route of the South-to-North
Water Transfers Project, the annual evaporation inhibition water saving amount was 230 million m’. The economic
value of reed species can be increased by 50 million yuan, 260 million yuan and 550 million yuan, and the water
resource security ability can be improved by 61%, 42% and 28% under the scenario of low and medium to high
water supplement demand. At the same time, the average minimum power generation loss of Danjiangkou Reservoir
in wet, normal and dry years was 25 million kWh, 38 million kWh and 43 million kWh. According to the situations
under different wet and dry scenarios in Baiyangdian Wetland and Danjiangkou Reservoir, the appropriate water-
saving by suppressing evaporation of floating photovoltaic allocation scheme were proposed respectively. When
Baiyangdian Wetland has low water replenishment demand, it was suggested to carry out ecological replenishment
with high flow from March to June and September. When Baiyangdian Wetland water replenishment demand is
medium or high, the recommended period of high flow replenishment was from October to February or March to
June.

It is showed that water-saving by suppressing evaporation of floating photovoltaic can play a key role in
improving wetland ecological water supplement work, and provided a new idea for water-saving by suppressing

evaporation of floating photovoltaic redistribution.

Key words: floating photovoltaic system; evaporation suppression; water-saving; multi-objective optimization; the
Middle Route of the South-to-North Water Transfers Project; Baiyangdian Wetland
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