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Outline

A Wind power variability and geographic diversity
I Time scale: Hourly variability, seasonality, yearly variability
I Unit commitment/balancing effects/Capacity credit

A Applying Mean Variance Portfolio theory to wind
power

I Physical electricity output vs. financial analysis
I Social planner (National or EU level) vs. investor project mix

A Data and preliminary results
I Case study for Austria, Germany, Spain and Denmark

ANext stepsé

I Taking into account system (transmission constraints) and
interactions between load and wind output



Introduction: EU wind resource and
Investment planning
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A National focus on sites with best
wind resource

A As penetration increases,
Investment planning needs to
take into account:

I wind variability and interaction

with other technologies (Neuhoff
et al., 2008)

I Integration into power network

T Transmission constraints,
particularly at EU level

T Correlation between sites to
diversify risk => portfolio
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Wind power output correlation decreases
with distance between sites

Wind power output correlation versus distance between UK sites
2,080 pairs of wind sites - based on UK long term average CF of 30%
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Source: G. Sinden (2007)

UK wind turbine output correlation decreases by about 0.1 every 100/200 km .



Portfolio analysis of wind power
development

A Wind power variability and geographic diversity
I Diversify physical output risk

I Diversify financial risk exposure  more complex: related to local
market (balancing mechanism) and regulatory (support scheme: feed
in tariff or certificates) factors.

=> Focus on physical output risk

A Geographic dispersion at which level ? Portfolio approach can help to
reduce variability and risk:
I Atthe project | evel , within a companyds as

I Atthe country level, within a national network system
I Atthe EU level, countries have particular wind patterns



Wind capacity additions in the EU

2007 new installed capacity, EU27 EU27 Cumulative installed capacity, end 2007

Poland 1.44% Belgium 1.08%

Ireland 1.42% Sweden 1.39%

Greece 1.46% Czech Republic 0.74%
Greece 1.54% Belgium 0.51%
Netherlands 2.46% Ireland 0.69% i
Others* Austria 1.74% Poland 0.49%
Sweden 2.54% Netherlands 3.09%

\ | Others*

UK 4.99% Portugal 3.80%

41.18% UK 4.23%
Portugal 5.07%

Germany 39.36%
r-"-...-.‘...

France 4.34%
Italy 7.05%

Italy 4.82%

France 10.38% Denmark 5.53%

Germany 19.49%

Spain 26.79%

Source: EWEA (2008)
Static perspective: what are the optimal country portfolios?

Dynamic perspective: Are there appropriate incentives for wind power
development across the EU countries?



Portfolio analysis of wind power
development (2)

A Diversification over which time scale?
I Hourly variability, seasonality, yearly variability
I Unit commitment/balancing effects/Capacity credit

I Support schemes introduce an additional dimension (Feed in tariffs vs.
green certificates, etc.)

A Type of analysis is key to define time scale:

1. Il nvestment planning fr om @ptimamdfoli@gsl 0 p e
based on hourly consideration on national level have lower risk for unit
commitment/balancing or capacity credit.

Y detailed modeling of transmission capacity, market integration i balancing
and day ahead, etc.

2. Investment projects from an investor perspective: construct
portfolios that minimize quantity risk / maximize return.

Y Yearly analysis for long term contracts; monthly analysis for medium term
contracts and hourly analysis for Day ahead/balancing trade.



Quantifying the optimal degree of diversity

A The extent to which diversity is to be pursued depends on the balance
between the extra costs and the degree of risk reduction achieved.

A Various methods have been developed to quantify and optimise the
diversity of a portfolio of assets:

T Value at Risk

A The Value at Risk (VAR) calculates the maximum loss expected
(or worst case scenario) on an investment, over a given time
period and given a specified degree of confidence.

I Markowitz Mean Variance Portfolio theory

A The Mean-variance portfolio theory (MVP) defines efficient
portfolios as the ones which have the smallest attainable
portfolio risk for a given level of expected return (or the largest
expected return for a given level of risk).



The portfolio effect i
The case of atwo -asset portfolio

A For two assets (X1, X2) with respective returns (r1, r2) and standard
deviation (01 O 5:

i Portfolio return: E(rp) = Xpek(ry) + Xpek(rp)
I Portfolio variance: 5 - [y 6+ X,%6,> +2X,X,p,0,0,
A Eff|C|ency frontlel’ Risk and Return for Two-Asset Portfolio
Given Different Correlation Coefficients (r)
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RISK: Portfolio Standard Deviation

Some amount of diversification occurs whenever the returns of two (or more)
securities are |l ess than perfectly co0



Portfolio theory efficient frontier
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The efficient frontier for a portfolio of two risky assets.

MVP theory does not prescribe a single optimal portfolio combination,
but a range of efficient choices

Investors will choose a risk-return combination based on their own
preferences and risk aversion



Literature review - Wind power and
Portfolio Analysis

Portfolio analysis that consider the effect of wind power in a
conventional electricity generation portfolio (gas, coal,
nuclear, etc.)

i DeLaquil P. et al. (2005), McLoughlin and Bazilian (2006), Kienzle et al
(2007), Awerbuch and Berger (2003), Tw

Geographical or spatial effects of wind power
i Correlation analysis: Sinden (2007), Hirst (2002), Giebel (2000), etc.
i Porfolio analysis:
A Drake and Hubacek (2007)
A Kyle Datta E. and Hansen L. (2005)
A Hansen L. (2005)

Other effects (e.g. power network, demand)
I Drake and Hubacek (2007) take into account transmission losses.

I Sinden (2007) takes into account the correlation between wind power and
demand



Optimisation of EU power generation mix
I Awerbuch and Yang (2005)
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2020 EU Baseline Portfolio Optimization (CO2=E35/tonnei) Source: Awerbuch and Ynag (2005)

2020 EU Baseline Portfolio Optimization indicates that renewables can
reduce risk and cost
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Applying portfolio theory to geographical
dispersion

A The key point: wind speed correlations between different
wind farms
I Focus can be onphysical output risk; or
I on /nvestment project financial risk exposure

A Holding period return defined as in finance:
I Physical output: (Pt1T Pt-1)/Pt
I Financial return: project NPV, or variation of cash flows/generation cost

A Constructing the efficiency frontier:

I Data on average wind power generation, standard deviations and
correlation coefficients

I Optimization model to compute minimum standard deviation (portfolio

risk) that exists for any given rate of average power generation
(portfolio return) that is input into the model



The database

A Type of data:
I Real production data (Hirst 2002)

I Simulated data from wind speed data (Hansen 2005, Kyle Datta and
Hansen 2005, Drake and Hubacek 2007, Sinden 2007)

A Data resolution:
I Hourly (Drake and Hubacek (2007) and Sinden (2007))
Y How many years are necessary to have reliable data?
Y How does « geographical aggregation » of data impact results?
Y Which data resolution/filtering for what type of analysis?

A Our database: aggregated hourly wind production data:
I Spain (from 2002 to 2007)
I Germany by TSO zone (from 2006 to 2008)
I Austria (from 2006 to 2007)
I Denmark by zone (from 2000 to 2008)

A We are waiting for:
I French production data (from 2006 to 2007)
I Wind speed data for several European Countries



Preliminary results

A Results based on hourly wind production data (2006 i 2007) for
Spain, Germany, Austria, and Denmark

A Outputs:
I Wind Capacity Factor variability (Sinden 2007)
I Interaction of wind production and demand (Sinden 2007)

i Portfolio Analysis
A Wind output
I Hourly analysis
I Monthly analysis
A Wind output and demand



Intern -annual variabllity
Average capacity factor
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A Capacity factors compued dividing hourly wind power production
by installed capacity

A Assumption that installed capacity changes linearly during the year



Intern -annual variability
Standard deviation  of capacity factor
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A Hourly standard deviation varies

A Smaller countries have less dispersed wind farms => higher standard
deviation



Monthly Wind Power Variability
(Monthly Capacity factors)
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A Patterns significantly different across countries
A Spain has much less seasonal variability
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wWind Power and demand
Monthly comparison

Spain - Monthly (2006-2007)

0,9

- 07

- 0.3

- 0.2

- 01

2 3 4 5 6 7 8 9 10

— \Wind capacity factor =~ ——Demand/Peak

11

Austria - Monthly (2006-2007)
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Germany - Monthly (2006-2007)
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Denmark - Monthly (2006-2007)
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wWind Power and demand
Hourly comparison

Spain - Hourly (2006-2007)
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