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* Wind Project Lifecycle

 What is wind resource assessment (WRA)?
* Types of WRA

* Why is WRA Key to a Wind Project?

* Checklist for WRA



Wind Project Lifecycle & Planning | NE

3 months to evaluate
multiple sites

At least 15 months. 2 to 3 yrs Locale specific: 6 to 12
for large wind farms months

Prospecting

EIA, Logistics,
Interconnection

Pre-feasibility

i\ Wind Resource i Siting: Permits,
///\ A ///1

5 Criteria: Wind, env.
grid, cost, rev

Engineering

Construction PPA

Procurement
Contracting

Installation
Commissioning

Operations &

Maintenance Financing

Locale specific: 3 mos.

_ : Locale specific: 3 mos
Turbine delivery: 9 to 18 mos

Ongoing As fast as 1 turbine/mo

Entire process: 24 to 48 months

Source: P. Jain, Wind Energy Engineering, 2016 3
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What is wind resource assessment? mE

Quantification of wind resources

* Inputs:
— Initial assessment of wind speed data
— Terrain: Elevation, roughness, obstacles
— Turbine data: Quantity, layout and production curve
— Others

* Set up: Wind measurement campaign

* Output:
— Wind speed data from onsite measurement
— Average annual energy production (AEP) and associated uncertainty
— Wind resource map
— Technical feasibility



Stages of WRA NE

Stage lII:
Linear Wind
Flow Model

Based
Estimation of
AEP

Stage V: Loss

Stage I: Stage Il: Wind and Bankable

Uncertainty

Prospecting Measurement =ttel
Estimation

WRA

Stage IV: CFD
Model Based

Estimation of
AEP




Measure wind speed: Do my profits measure up? NE

Wind speed is one of the Location, Configuration

key determinants to a «  Where? Best wind spot,
viable project worst wind spot or

It is expensive median

It takes at least one year, * How tall? As close to hub
in most cases longer height as possible

High degree of care must * Boom length? 9 times

be exercised in planning diameter

and executing wind .\?’@ Orientation?
measurement b Redundant?

Gold standard: Hub
height measurement

Acceptable 75% of hub
height

|s data trustworthy?
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Instruments
* Individually calibrated

e 1to2% errorin
measurement

* Good record keeping
Data Processing

 Keep the raw data as —is
with timestamp

e Document the rules of
processing data

e Detecting faulty readings;
removing bad data

e Auditable process




Wind Measurements

* Tall towers (% of turbine hub height)
* Remote sensing—SODAR and LiDAR

Mean wind speed
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Wind data analytics

Height above sea level

13 12 15 16 17 18 19

-1,400 -1,200 -1,000 -200 -600 -400 -200 o 200 400 600 200 1,000 1,200 1,400
Distance from mast

— Power law — Logarithmic [] Measured

Mean+1.28"Sd (EC 3)

In{-In(P(E streme Wind Speed)))

—t U
18 004
Extreme Wind Speed 0.02

‘Gumbel Distribution Fitted 0 1 2 3 4 56 7 & 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40
——&—— Sample Distribution e
- Estimated Extreme Wind Speeds at Different Return Periods

60.0m-3 ————— soom-4
40.0m-5 [EC 61400-1 (ed 3) - Category A higher turbulence characteristics.
[EC 61400-1 (ed 3) - Category B medium turbulence characteristics ——————— [EC 61400-1 (ed 3) - Category C lower turbulence characteristics

WTG Class X-A, X-B, X-C

WTG Class I, 11, Il or S



Process for Estimating Annual Energy Production | NE

LWF model
for spatial

GIS model | extrapolation

Process of \ ; Long-term
measured elevation, Detailed Micro S

siting of correction

roughness WRM . of AEP

wind data
and

N \ for spatial
extrapolation

\,

Tools: WAsP, WindPRO, Wind Farmer, OpenWind



Losses: How much profits will | lose? NE

Loss category Loss Comments
estimate

Wake losses 5-15% WindPRO and WindFarmer have tools to
compute wake losses

Plant availability 2 - 5% Turbine related, BPO related, Grid unavailability

Electrical losses 2 - 4% Transformer losses, Transmission losses, Internal
power consumption

Turbine 1.5-5% Power curve loss, High wind hysteresis, Wind

performance modeling

Environmental 1 -3% Outside operating range, Icing, Wildlife,
Lightning, Roughness change

Curtailment 1-3% Grid, Wind sector

Others Earthquake: Seismic database may be used

estimate frequency

Source: P. Jain, Wind Energy Engineering, 2016 10
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Uncertainty: How uncertain are my profits?

* Uncertainty is a key component of
Bankable WRA

* In wind projects uncertainty is
expressed in terms of:
— P50
— P90
— P95

e Key: Valuation depends on P90, P95

1o \

4 PS50 k

0 70 90 100 GWh
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Source: P. Jain, Wind Energy Engineering, 2016

Methods to reduce uncertainty:

* Higher quality measurement instruments
e 2to 3 year of wind speed measurement
* Measurement close to hub height

* Layout to reduce affect of wake

Amount of Net Uncertainty
Sensitivity | Uncertainty of AEP Because

Component of Uncertainty Factor (%) of Component (%)
Wind speed measurement 1.5 5 7.5
Wind speed spatial 1.5 3 4.5
extrapolation

Wind speed long-term 1.5 3 4.5
correction

Wind shear, height 1.5 2 3
extrapolation

Air density 1 0.3 0.3
Power curve 1 0.6 0.6
Wake losses in wind farm 1 1.7 1.7
Unaccounted for Loss 1 1 1
Total uncertainty of AEP assuming components are 10.5%

uncorrelated is square root of sum of squares
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Checklist for Bankable WRA mE

Properties of Bankable Wind Resource Assessment

Wind measurements at multiple height - — Auditable wind data management

Duration of measurement is one year or — ~~Docgmented logic for processing wind
more speed data _,

Class 1 calibrated anemometers and — Wind modeling with dppropriate
other quality and calibrated instruments  consideration for terrain, roughness,
Wind measurement is done within convection, stability and others
acceptable distance of site- 1 — Long—}térm correction has been applied
Proper location and configuration of — Losses have been quantified
met-towers — Uncertainty has been quantified
Average, max, min and standard — Average Annual Energy Production is
deviation of wind speed are recorded computed along with P50, P95, P99,

every 10 minutes and others

12



Table of Contents of Bankable Wind Resource Assessment NE
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Summary: Why is WRA Key to a Wind Project? mE

» Key driver to financing of a project
* Requirements:

— At least one year of onsite wind measurement
e With multiple met-masts
* At multiple heights, and one measurement close to hub height
* Quality data

— Annual Energy Production
— Reasonable estimate of losses
— Rigorous uncertainty analysis

* Project financiers are interested in both, mean and standard
deviation of AEP

14



Further Reading mE

1. Pramod Jain, Wind Energy Engineering, second edition, McGraw-Hill, New
York, 2016

2.  Michael Brower, Wind Resource Assessment, John Wiley, 2012

3. Burton, Jenkins, Sharpe, Bossanyi, Wind Energy Handbook, second edition,
John Wiley, 2011

4. Pramod Jain, “Guidelines for Wind Resource Assessment: Best Practices for
Countries Initiating Wind Development”, ADB Publication, TIM146446, May
2014

Other ADB wind energy publications of interest:

1. “Policy Enablers for New Wind Energy Markets,” ADB Sustainable
Development Working Paper Series. Authors: P. Jain, Bo An

2. “Grid Integration of Wind Power: Best Practices for Emerging Wind Markets,
April 2016, ADB Sustainable Development Working Paper Series. Authors: P.
Jain, P. Wijayatunga

3. “Energy Storage in Grids with High Penetration of Variable Generation,”
February 2017, ADB Sustainable Development Working Paper Series. Author:
P. Jain.
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