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Incorporating Electricity Prices in Wind Turbine Design
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A new method reveals:
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Price volatility drives turbine design
towards lower specific power.

Introduction

* As we introduce more wind energy to
open-market grids, electricity prices
tend to decline and correlate negatively
with production [3][5]

* The LowWind Turbine concept [4] has a
large rotor and low specific power,
making it more expensive. However, it
produces more power during low-wind
periods when electricity is expensive.

* Designing an LWT for a specific market
is tricky as wind speed and price are
modelled as time-series.

* However, this paper derives a statistical
method for including price volatility and
demonstrates how the specific power
impacts revenue for an LWT in Denmark

Method

* We introduce a new WT design metric
called the Annual Energy Value (AEV)
that accounts for price volatility.

* We extract wind and price time-series
from a WT site in Denmark and present
it statistically as the wind climate and
“price curve”.

Hourly Price & Wind Speed at @steriid

Figure 1: The same data from Osterild for 2023 presented as time-series and statistically. Left:
The hourly electricity price (blue) and wind speed (green). Right: The price curve (blue) and
the wind climate (green). The annual mean price is shown in red.

ANNUAL EVENT

BILBAO

20-22 MARCH

EUROPE

Energy Value Density at @sterild Cumulative Energy Value Density at @sterild

— Fixed price 10{ — Fired prce
o - Actual price - Actual price
- Sos
p g
£x z
H %06
R H
H & os
2 H
&0 Y
3
00
R T T T SR R NG P I Y ~®%“‘*¢o¢¢®w~ﬁw‘>w‘
Wind Speed [m/s] find d [m/s]

Figure 3: This figure shows the energy value density in order to evaluate the revenue gencration
potential at varying wind speeds. Left: Comparison of the energy density value with and without
price volatility. Right: Comparison of the cumulative energy density value with and without
price volatility.

Results

*The revenue and production generation
potential is significantly reduced at wind
speeds higher than 10m/s. A traditional
WT loses 15.5% of revenue due to price
volatility.

* Lowering the WT’s specific power leads
to higher revenue due to higher prices
and production. LWTs align electricity
production and market demand.

Table 2: The AEP and AEV for the SP325, SP241, and SP151 WT in a volatile price market.

SP325 SP211  SPI5L
Diaweter im] 198 230 200
AEP [GWL] M6 477 565
AEV [GW1] 352 422 519
AEV/AEP [%] 846 885 919

Conclusions

* The AEV metric can account for price
volatility in open energy markets. It
presents an efficient way to optimise
wind turbine designs.

* LWTs are more profitable in markets
with price volatility, underscoring the
importance of aligning turbine design
with market demands rather than
merely maximising energy production.
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Extra Tables, Equations & Figures
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Figure 2: The three model types needed to calculate the Annual Energy Revenue (AER) used
in this work. Left: f(u) - The wind climate (PDF). Middle: ¢(u) - The price curves for
Osterild/Denmark (” Actual price”) and a fixed price market (" Fixed price”). Right: p(u) - The
WT power curve models. SP indicates the specific power (the ratio of the rated power to the
swept area).

Table 1: The AEP and AEV for the SP325 WT in a volatile and fixed-price market

Fixed price  Volatile price

AEDP [G\\'h] 41.6 41.6

AEV [G\\'h] 41.6 35.2

AEV/AEP %] 100 84.6
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