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Background

Wind farm layout optimisation (WFLO) often relies on complex
wake models or computationally intensive algorithms to improve With a wind Rose as the input wind data, the AEP reward systems slightly
turbine placement and maximise energy output. This study outperformed their blockage reward system counterparts. However, the
explores a lightweight alternative, using simple, physics-informed Blockage-based GA and PSO produced more efficient layouts compared
geometric blockage metrics: Blockage Ratio (BR) and Blockage to the staggered baseline, as shown in Figure 4.
Distance (BD), as direct reward functions for machine learning-
based optimisation. AEP - GA AEP - PSO AEP - SAC
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B . ’ In addition, as shown by Figure 5 below, the Blockage methods
= E were significantly faster than their AEP counterparts, ranging by
/ orders of magnitude of 0.9 — 1.12.
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Methodology
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We wuse a Genetic Algorithm (GA), Particle Swarm Blockage — GA Blockage — PSO Blockage — SAC
Optimisation (PSO), and a Reinforcement Learning (RL) i
agent using Soft Actor-Critic (SAC) as our optimisation 3 0%
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methods, due to their prevalent use across WFLO literature. E 00
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Use Matlab to for Blockage reward ° °
. Discussion and Further Work
direction
s | 1™ Results show that using blockage metrics as a reward function is highly
| | JAmortz Aot effective and can yield results comparable to standard methods. All machine

Timesteps

learning methods achieved significant reductions in optimisation time, which

becomes increasingly valuable when scaling to realistic OWF. The simplicity
Coltepowmr S of the blockage framework also supports easy adaptation to varying wind
SR jpriing - directions and speeds, and it can be extended to floating wind scenarios with
only adjustments to wake polygon sizes.

}

Calculate power of

Fig 3: Representation of wind

Fig 2: Flowchart showing project pipeline turbines and the related
blockage variables

The Blockage reward functions are the optimal Blockage Ratio References

(BR), as close to zero as possible, and Blockage Distance (BD), « Duvvuri, G.M. et al. (2022) ‘Further calibration and validation of FLORIS with wind tunnel

as close to one as possible. The relevant equations are presented data’, Journal of Physics: Conference Series, 2265(2), p. 022019.

here: * Ti, Z., Deng, X.W. and Yang, H. (2020) ‘Wake modeling of wind turbines using machine
1 1 learning’, Applied Energy, 257, p. 114025.

BR = — Xdxd BD = — Lv+ (1 —X)L.ldxd * Yan, C,, Pan, Y. and Archer, C.L. (2019) ‘A general method to estimate wind farm power
A f (x,y)€eA Y A f (W)EA[ x 7+ ( L] Y using artificial neural networks’, Wind Energy, 22(11), pp. 1421-1432.
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Opportunities for the application of concrete

Requirements for FOW structure
« Harsh Marine Environment (Corrosion) e
« Complex Loading Conditions (cyclic fatigue)

* Long-Term Durability Uncertainty (maintenance) FRP reinforcement offers high strength and removes
* Cost & Deployment Constraints | corrosion constraints, enabling a new design space for
« External Supply Chain Uncertainty sustainable concrete systems, i.e., incorporating low-

carbon cements, seawater use, and recycled materials.

4 ____[|____ carbon cements, seawater use, and recyc

| | Lower Tower Sections

Concrete and FRP offer a cost-effective, : Opportunities Columns:
durable, and locally available solution for | for Concrete Pontoons
next-generation floating wind structures. : Replacement S EE LB |

Working platforms |

Concrete Degradation Model and FRP-concrete Structural Durability
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Hydraulic jack Uit mm Degradation of FRP, concrete, and composite beams was investigated after

exposure to seawater immersion, sustained loading, and high temperature.
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The epoxy in FRP in low-carbon concrete showed significantly
reduced decomposition depth to only 300 um. The beams
maintained consistent yielding loads and higher ultimate loads
(64.0% and 89.8% greater than the normal concrete group).

The model successfully predicts expansion-driven
degradation and reproduces observed failure modes,
demonstrating that aggregate-induced heterogeneity
controls sulfate transport, stress concentration, and
crack propagation paths.

Higher sustained loading accelerates fatigue degradation, leading to
iIncreased deflection and crack propagation. Coupled marine exposure
further reduces stiffness and fatigue life by enabling seawater ingress
and damage of the SFCB (resin degradation and steel core corrosion).

Acknowledgements This work was supported by the National Science Fund for Distinguished Young Scholars (Grant No. 52025081) and the
Joint Funds of the National Natural Science Foundation of China (Grant No. U23A20658).




Origami-Enhanced Dielectric Fluid Generator for Wave Energy Conversion
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Ocean waves offer a vast, largely Open Close
untapped, and sustainable energy <: :(> :> WEC <:
resource. In the UK, wave energy has the

potential to generate up to 30 TWh/year, Origami-based

about 10% of nation’s electricity demand. DIEC Sy

Dielectric elastomer generators (DEG) and dielectric fluid
generators (DFG) use mechanically variable capacitors to convert

wave motions into electricity. A parallel-plate capacitance is
EoErA

C = A - A

d
where &, is vacuum permittivity and &, is relative permittivity. ool

m Soft electrode ) m Rigid electrode ) v’ Easily stackable for scalable arrays in wave energy converters.

4 « C 7 under <L / « CT under
: v’ Stress isolated to flexible joints further enhances fatigue life.
<:’ dI Elastomer |:> stretch Dielectric fluid COmF;rESSIOn\/ j g
* Fatigue X * Low fatigue . _ i ..
\ l J 2 N Dielectric film ), \\/ Precise control of electrode displacement improves efﬂuency/
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Step 1. Preparation Step 2. Charging
5M 1 S
( @ \ ( High voItage.\ 1}~ —Pp}
TR G 100G
« —— Hv () = ==
C C V HV % = T CDFG C
DFG = Cmax » VprG < B
Vpee = HV, Qppg T wom| | V)
- ' wex Netenergy L oS
reeeee¢ Input energy .
! 7 e Electrode size: 60 X 60 mm?
?, 32 . 3.1 * Electrode material: copper and conductive silicone
o * Dielectric film: polyimide (&, = 3.1, E45 = 200 MV/m)
> 7 % 2 * Dielectric fluid 1: air (¢, = 1, Ej5 = 3 MV/m)
e 1 (21222222220 * Dielectric fluid 2: oil (¢, = 3,E; 5 = 45 MV/m)
Step 4. Return Step 3. Harvesting
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—>—T Step 2 = S1 and S2 close, DFG is charged to HV
4 - - — Step 3 = S1 opens and S2 closes, DFG upper electrode lifts up
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/ Electrode displacement (mm) \ DFG in air
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Wo—T1 | | ; 7 The higher permittivity and breakdown strength of|oil
L | | J& help prevent ionisation and suppress cora@na
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] % k? & air=d95m discharge, boosting output energy by 85.6%. HoweVer,

Lo | | Epneen_oil = £2.92 mJ its high viscosity increases mechanical energy demdnd

Actuation frequency (f) and speed (v) are tuneable to match wave -100 —*+- : : — '

0 0.5 1 1.5 2 25 3 per cycle, reducing conversion efficiency from 14.0%

K dynamics. Electrode displacement (d) is precisely controlled. to 2.5%. Speed control can help improve efficiency
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