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3) Wind power planning for Faial and Pico
4) Discussion point & future work

Faial wind park. Pico wind park.



Wind resource dynamics

Synthetic hourly wind speed data for energy systems modelling

For..

 optimized wind power dimensioning
 surplus & shortage assessment
 storage requirements estimation
...

..it is critical to characterise 
the wind resource dynamics including..

1) Seasonality
2) Passing weather systems: 
    day to day variability
3) Diurnality
4) Hour-to-hour variability

•Santa Maria, airport
•wind speed data

Hours

Data source: IM-DRA, 2010.

Terceira wind park.



1) Seasonality

2) Passing weather systems – day to day variability

3) Diurnality

4) Hour-to-hour variability

Wind Resource Dynamics

Synthetic hourly wind speed data for energy systems modelling

μd=a1sin ωd+φ +a2

Reference daily mean wind speed:

Δμ t=ω1 μ t−1+ω2 μ t−2. ..+ωn μ t−n+ε
Variation in daily mean wind speed (AR-model):

μd,h=a4 h
4+a3 h

3
. ..+a1

Δμ h=ω1 μh−1+ω2 μh−2+ε

Variation in hourly mean wind speed (AR-model):

Reference hourly mean wind speed:

Methodology



Validation

This results in a more accurate estimation 
of resource vs. demand dynamics from 

annual to hourly temporal scales. 



Faial & Pico case study

•Energy supply 2010

kW Faial Pico

Fuel oil 22 650 16 100

Hydro 320

Wind 1 800 1 800

Faial                                    Pico

Source: EDA, 2010

Table 1: Installed capacities.

Source: INESC, 2004 and EDA data, 2010



Faial & Pico wind resource characteristics

m/s Mid-island
Hub height

Coastal
10m

Offshore
10m

FAIAL 7.5 5.1 7.1

PICO 10.1 3.8 7.1

Table 2: Annual mean wind speed.

Day type distribution matrices for Faial 
and Pico at
● Coastal,
● Mid-island and
● Offshore locations.

Pico wind park

Faial wind park

Faial coastal

Pico coastal

Offshore



Faial & Pico case study

•Supply and demand scenarios

kW Hydro Wind
existing

Wind
mid-island

Wind
coastal

Wind
offshore

FAIAL 320 1800 0
330
660
990

1980
3300

0
330
660
990

1980
3300

0
(2000)

PICO 0 1800 0
330
660

1320
1980
3300

0
330
660

1320
1980
3300

0
(2000)

FAIAL
&
PICO

320 F:  1800

P:  1800

F:          0
    990
  1980
  3300

P:          0
    660
  1320

3300

F:     0
    990
  1980
  3300
P:     0
    660
  1320

3300

      0
2000

Demand:

1) 2010 reference case
2) 2018 at 1% growth rate
3) 2018 at 3% growth rate

Table 4: Applied supply side scenarios.

GWh Faial Pico Faial & 
Pico

2010 54 39 93

2018 (1%) 58 43 101

2018 (3%) 64 50 118

Table 3: Assumed demand scenarios.



Methods' comparison – validation of new method

Additional wind
Mid-island: 0 kW     Coastal: 0 kW

NEW
METHOD

ORIGINAL
DATA

REFERENCE
METHOD



Methods' comparison – validation of new method

Additional wind
Mid-island: 0 kW     Coastal: 0 kW

NEW
METHOD

ORIGINAL
DATA

REFERENCE
METHOD



Surplus vs. renewables penetration of demand

2010

2018
1% growth rate

2018
3% growth rate

Additional wind
Mid-island: 0 kW     Coastal: 0 kW

Demand
54 GWh

Demand
58 GWh

Demand
68 GWh

Demand
50 GWh

Demand
43 GWh

Demand
39 GWh

Demand
93 GWh

Demand
101 GWh

Demand
118 GWh



Demand
54 GWh

Demand
58 GWh

Demand
68 GWh

Demand
50 GWh

Demand
43 GWh

Demand
39 GWh

Demand
93 GWh

Demand
101 GWh

Demand
118 GWh

Surplus vs. renewables penetration of demand: 
max 6 – 4 – 10 new turbines per system

2010

2018
1% growth rate

2018
3% growth rate

Additional wind
Mid-island: 0 kW     Coastal: 0 kW



Demand
54 GWh

Demand
58 GWh

Demand
68 GWh

Demand
50 GWh

Demand
43 GWh

Demand
39 GWh

Demand
93 GWh

Demand
101 GWh

Demand
118 GWh

% Surplus wind vs. renewables penetration

2010

2018
1% growth rate

2018
3% growth rate

Additional wind
Mid-island: 0 kW     Coastal: 0 kW



Demand
54 GWh

Demand
58 GWh

Demand
68 GWh

Demand
50 GWh

Demand
43 GWh

Demand
39 GWh

Demand
93 GWh

Demand
101 GWh

Demand
118 GWh

% Surplus wind vs. renewables share, 
6 – 4 – 10 new turbines

2010

2018
1% growth rate

2018
3% growth rate

Additional wind
Mid-island: 0 kW     Coastal: 0 kW



Hourly surplus vs. demand – by hour of day
Quantifying mean surplus wind power for additional installed wind power

Faial
S = 990kW
M = 1980kW
L = 3300kW

Pico
S = 660kW
M = 1320kW
L = 3300kW



Some details of the scenarios - Faial

Table 5: Selected scenarios for Faial.



Some details of the scenarios - Pico

Table 6: Selected scenarios for Pico.



Discussion points & future work

•Discussion points
•Minimum 30% from fuel generators limit – flexible?
• Future turbine sizes & numbers?
• Surplus management strategies (turbine blades, water heating load, fly wheels,..)?
• Cost differences in the scenarios - How much surplus necessary to make EVs an 

interesting option?
•

•

•Future work
• Specific scenarios design
• Include cost estimates
•

•
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