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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.

W H AT  W E  D O
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G L O B A L  R E A C H ,  L O C A L  E X P E R T I S E
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P R O J E C T  E X P E R I E N C E

Global experience 1995-2020

62 Countries

+250 GW
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Power purchase agreements 

(PPA)

P PA S H O R T FA L L

Shortfall risk

Mitigates the risk of selling all produced 

electricity based on the volatile market spot 

price

A threshold of guaranteed production 

volume (hedge) over a fixed time frame can 

be included in the contractual obligations

Variability in production contributes to  

uncertainty of meeting production targets

In some PPAs, production shortfall results 

in penalties

An accurate assessment of the probability 

and volume of production shortfall can 

inform a PPA negotiation resulting in 

reduced uncertainty and better terms
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Model features

o Spatial modelling

o Wakes

o Curtailments

• Bat/bird

• Noise/shadow

• WSM/icing

• Grid

o Secondary loss interaction

• Stochastic availability

• Electrical

• Dynamic icing

• Operational modes

T I M E S E R I E S - B A S E D  E N E R G Y  Y I E L D  A S S E S S M E N T
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Benefits

o Per-turbine pattern of production

o Enforcing export capacity limit

o Stochastic availability

o Dynamic icing performance degradation

Fluctuations in production are more 

representative of real wind farm 

operations

T I M E S E R I E S - B A S E D  E N E R G Y  Y I E L D  A S S E S S M E N T
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Seasonal profile

o Average annual production tuned to net yield 

from EYA

o Icing losses distributed in colder months

T I M E S E R I E S - B A S E D  E N E R G Y  Y I E L D  A S S E S S M E N T

Diurnal profile
o Wake losses dependent on wind speed and 

direction

o Curtailment losses dynamically allocated

o Icing losses more frequent at night
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Ice throw 
mitigation - turbine 
curtailment

Model parameters

o Temperature changes from 

<0° C to >0° C

o Wind speed is greater than 7 m/s

o Selective turbine curtailment

Production loss ~ 0.09%

T I M E S E R I E S - B A S E D  E N E R G Y  Y I E L D  A S S E S S M E N T
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Stochastic availability -
Markov chain modelling

Method

o Simulate distribution of offline turbines

o Markov chain estimation

o Generate a stochastic timeseries of 

number of offline turbines

o Introduce memory with constraints on 

which turbines switch on/off

Improves realism of production 

variations on a timeseries basis

T I M E S E R I E S - B A S E D  E N E R G Y  Y I E L D  A S S E S S M E N T
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Monthly shortfall

o Hedges can be established on a 

per-month basis.

o Fine-graining results in larger 

fluctuations.

o Production shortfall needs to be 

compensated and can result in 

financial penalties.

P R O D U C T I O N  S H O R T FA L L
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Monthly shortfall frequency

P R O D U C T I O N  S H O R T FA L L
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Quarterly shortfall 
aggregation

o Monthly fluctuations balance out

o Shortfall volume is reduced by an order of 

magnitude

o Shortfall frequency is significantly reduced

P R O D U C T I O N  S H O R T FA L L

Aggregation Shortfall 

frequency

Mean annual 

shortfall

Monthly 17.5% -2401 MWh

Quarterly 3.8% -132 MWh
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Hourly shortfall

o Much greater frequency of shortfall 

~50%

o Production in excess of the hedge also 

increases

o Complex model’s additional variability 

results in a more conservative shortfall

P R O D U C T I O N  S H O R T FA L L

Complex vs simple

Difference in shortfall -2.9%

% of Net P50 0.7%
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Financial modelling

o N = Wind Farm Net Power

o H = Hedge

o S = Spot Price

o P = PPA Fixed Price

Balance formula:

P R O D U C T I O N  S H O R T FA L L

Complex vs simple

Cumulative balance +2.4%
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Future Steps

o Uncertainty estimation of stochastic losses

o Icing loss frequency distribution modelling 

– stochastic ice losses

o Validation study of benefits against 

operational sites in “GAP” analysis

o Streamline timeseries-based wake 

modelling

o Incorporate time-resolved VENTOS®/M 

CFD mesoscale-coupled spatial model

O U T L O O K
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W H O  W E  W O R K  W I T H
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Thank you.


