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What we do
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power

We offer our clients services across
the full lifecycle of renewable energy
projects.

We advise on, plan, engineer, analyse
and manage their assets and the
environment.




Global reach, local expertise natural
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Scotland
Castle Douglas (Global HQ)

USA
Saratoga Springs

Seattle
Golden
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Turkey
Chile Ankara [Agency]
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Project experience
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Timeseries EYA natural
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From frequency to real time
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Timeseries EYA
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Sample Production Profile
From frequency
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Gap analysis
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Validation against real data

o Start with PCYA of operational wind farm
o Create pre-construction model

o Run timeseries EYA during operational period

o Compare the post and pre-construction
productions

Reconciliation of gap
o Turbine performance

o Spatial or wake modelling challenges

Normalised Production
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Gap analysis
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Modelling chain testing

Patterns of production from different spatial and
wake models compared to operational data
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Secondary losses
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Stochastic Availability
Markov Chain Modelling

Method

o Simulate distribution of offline turbines

o Markov chain estimation

o Stochastic timeseries of number of offline turbines
o Downtime allocation

Realistic production variations on a timeseries
basis

Lost Production (MWAh)
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Secondary losses

Icing
Operational data
filtering

Power (kW)

o Parse raw SCADA data

o Categorise performance scatter

o Icing filtering based on IEA19

o Cleaned power curve represents “normal

operations’

natural
power
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Secondary losses natural
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ICi ng 20%
Loss models

16%

o Actual Data (IEA Task19)

14%

o Flaticing Loss 2

= 12%
o Flat loss in winter months :

T 10%
o Temperature-dependent loss =

Z 8%
Can be based on third-party study o
and other climate data 2%
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Secondary losses
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Production (MWh)

Shortfall (MWh)
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Financial modelling
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Price per MWh (€) Production (MWh)

Balance (€)

20+

15+

10+

Models

— Model Net

— Hedge

— PPA Price

— Spot Price

— PPA Balance
. Market Balance

150+

100 -

501

2000+
1500
1000

500+

-500

Jun24  Jun25 Jun26 Jun27 Jun28 Jun29

power

PPA modelling

o N = Wind Farm Net Power
o H = Hedge

o S = Spot Price

o P = PPA Fixed Price
Balance formula:

HP+S(N —H) if N > H
NP+ S(N—H) ifN < H



Financial modelling natural
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The (PPA) Price Is Right

Dataset Crossover (€)

Compare the overall balance of PPA vs Market

o Set fixed PPA € per MWh
o Run PPA balance timeseries Model 46

o Run Market balance timeseries

o Compare overall balance

Operational 48

o Adjust price until PPA matches Market balance

Compare crossover PPA price with operational
case




Next Steps

Ongoing development

o Natural Power validation study (Q2 release)
o Stochastic availability white paper (Q2 release)

o Hybrid projects (storage, hydrogen, solar,...)

o In-built wake and spatial modelling, including
incorporating time-resolved VENTOS®/M CFD

mesoscale-coupled spatial model




Thank you.
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