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Establishing the Role That Wind Generation
May Have in Future Generation Portfolios
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Abstract—Assessing the correct future mix in generation port-
folios has become more difficult given the introduction of emission
trading schemes, the recent fuel price rises, and the increasing com-
petitiveness of wind energy. This paper combines analysis of gen-
eration economics, load and wind generation characteristics, gen-
eration adequacy, and plant utilization to gain insight into the role
of wind generation in desirable generation portfolios. The unique
characteristics of wind generation are accounted for in the anal-
ysis, and sensitivity analysis is carried out with respect to discount
rates, carbon taxes, and various fuel price scenarios. Results show
that for a large range of future scenarios, wind generation has a
significant role to play in future generation portfolios in Ireland.
Mean-variance portfolio theory is applied to examine the benefits
of portfolio diversification in terms of avoiding exposure to volatile
fuel prices. Analysis shows that wind generation has a further role
to play in generation portfolios in this respect.

Index Terms—Energy resources, environmental factors, fuel
diversity, integrated resource planning, power system economics,
wind energy.

I. INTRODUCTION

LONG-TERM generation resource planning is a complex
task with many unknown and uncertain factors [1]. Rather

than striving to develop optimal resource plans in the strictest
sense, long-term generation planning is an inexact science,
which requires the assessment of various factors, often from
several perspectives, to gain insight into what may be desir-
able generation plans. Recent technological developments and
emission trading schemes have made wind generation more
competitive with conventional sources of generation, and this
has consequently added another dimension to the generation
planning problem. The characteristics of wind generation differ
fundamentally from that of conventional generation. These
characteristics must be fully recognized within generation
planning assessments. While many aspects of wind generation
can be controlled, e.g., reactive power, there is a variable upper
limit on the wind generation’s active power. The variable
nature of wind generation means that it cannot be thought of as
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providing base-load energy to serve the load shape but rather
as providing energy to reduce and alter the load shape. This has
cost implications for other generation in the portfolio that serve
the remainder of the load. Its variable nature also means that it
contributes differently to generation adequacy in systems than
conventional generation.

In the past, vertically integrated utilities carried out genera-
tion resource planning and were in a position to coordinate and
execute such plans. Planning methods grew increasingly sophis-
ticated considering not just least-cost energy but multiple ob-
jectives and also the robustness of generation resource plans in
relation to uncertainties [2]–[4]. With the recent onset of market
liberalization in many systems, there has been a corresponding
de-emphasis on central planning. However, market-driven plan-
ning may not always result in the most desirable outcomes for
the economy and society that the electricity system is serving
[5]. Systems that have been exposed to the adverse effects of
market failures such as California, and others in the northwest of
the United States have recently, again resorted to more compre-
hensive long-term central resource planning [6], [7]. Helm [8],
commenting on the evolution of the electricity industry, states
that, “the two simplistic ways forward—pure markets and plan-
ning—have given way to a mixture of both.”

A popular procedure for determining the value of genera-
tion investment is discounted cash flow analysis. This results in
single levelized production costs, which makes the comparison
of different technologies easy. For generation resource plan-
ning, this approach has many flaws [9] and is particularly ill-
suited for wind generation, which has been shown to exhibit
varying benefit to systems, depending on the penetration [10].
It is also difficult to account for cost uncertainties with the lev-
elized cost approach. For electricity generation, the most signif-
icant uncertainties surround future fuel prices. Single levelized
generation costs, without sensitivity analysis, are almost mean-
ingless in the long term, given the current volatility in interna-
tional fuel prices. Diversifying generation portfolios is cited as
a means to reduce the exposure to fuel price and other types of
risk, and it has been suggested that wind generation may have a
significant role to play in this respect. There are, however, dif-
fering opinions as to how and on what basis portfolios should
diversify [9], [11], [12].

This paper combines analysis of generation economics, load
and wind generation characteristics, generation adequacy, and
plant utilization to gain insight into the role that wind genera-
tion and other sources of generation may have in future genera-
tion portfolios. New innovations in the methodology here mean
that the unique and variable characteristics of wind generation,
and its impact of the net-load shape, are accounted for in the
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TABLE I
GENERATION COST AND CHARACTERISTICS

analysis. The costs and characteristics of various generation op-
tions are fed into a constrained optimization to determine the
least-cost portfolio given the set of inputs. Sensitivity analysis
is then carried out on key factors to gain an understanding of
desirable generation portfolios and the role of wind generation
within them. Finally, mean-variance portfolio theory is applied
to examine the benefits of wind generation in portfolios diversi-
fying to avoid exposure to fuel price risk.

The analysis assumes that almost all the existing capacity in
the all-Ireland system is retired by 2020, and as a result, least-
cost portfolios derived in this paper can give insight into gener-
ation planning issues in other systems. Many practical system
factors are included in the analysis. However, as with any high-
level analysis, there are factors that are impractical to include.
In this paper, unit startup and ramping issues have been ex-
cluded. Preliminary investigations were carried out into the role
of new energy storage. However, this analysis is not presented
here due to inconclusive results, uncertain input costs, and the
lack of physically suitable sites for new pumped storage in the
all-Ireland system.

Section II gives a summary of the generation costs and
characteristics and other inputs used in the analysis. Section III
assesses capacity credits for the various types of genera-
tion to ensure generation adequacy in portfolios. Section IV
presents the formulation of the least-cost portfolio optimization.
Section V contains results and discussion on least-cost portfo-
lios and the role of wind generation. Section VI highlights the
role the wind generation may play in avoiding fuel price risk in
diverse portfolios. Conclusions are given in Section VII.

II. INPUTS

A. Generator Inputs

For this paper, an extensive list of generator characteris-
tics, efficiencies, and costs were gathered from many sources
[13]–[19]. Table I shows the generators, costs, efficiencies, and
characteristics assumed achievable in the all-Ireland system
by 2020. Costs are based on units of a notional size given in
Table I. Oil fired plant, which was deemed to be prohibitively
expensive, and nuclear generation, which is unlikely to be
developed in Ireland, were excluded from the analysis. The

TABLE II
FUEL PRICE SCENARIOS

category “Wind 1” represents a possible 1200 MW of onshore
wind capacity that can be practically developed with a capacity
factor of 0.35. It is assumed that there is a further 2600 MW
of potential development, which consists of onshore wind
generation with a lower capacity factor and offshore wind
with a higher capacity factor and higher costs. These projects
are grouped together as “Wind 2” and approximated with an
average capacity factor of 0.35 and a higher capital cost. In
reality, there may be a higher usable wind resource in Ireland;
however, the limit of this resource remains unclear. The limit
of 3800 MW was chosen here to allow a significant range of
wind penetration scenarios to be assessed while still generally
avoiding penetrations where it is envisaged that significant cur-
tailment of wind generation may occur for operational reasons.

The various biomass and biogas technologies and the extent
of their resource have been grouped together in three categories
based on cost. Peat is a native Irish fuel source usually burnt
in fluidized bed plant. All costs are expressed in current value,
, 2005. Capital costs include the cost of interest on phased cap-

ital expenditure during construction.

B. Fuel Prices

Two fuel price scenarios are used in this paper: a low fuel
price scenario, which is based on 2005 fuel prices, and a high
fuel price scenario based on projected 2020 fuel prices (see
Table II). The fuel price scenarios were compiled from several
sources [15], [19]–[21] and are all expressed in current value,
, 2005. Forecasting long-term future fuel prices is a difficult

task, and the high fuel price scenario here is based on those in
[21]. The most notable feature in the high fuel price scenario,
compared to the low, is the relatively higher price of gas relative
to the other fuels. It is assumed that on average, the fuel cost
component for the biomass and biogas 1, 2, and 3 categories is
20, 31, and 43 /MWh, respectively [17].
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Fig. 1. Net-load duration curve with and without 3800 MW of wind capacity
for the all-Ireland system in 2020.

C. Carbon Costs

Under the EU emissions trading scheme, the all-Ireland
system will be part of a larger emission trading scheme across
the whole of Europe [22]. From a macroeconomic perspective,
the all-Ireland system is exposed to the cost of carbon, and
whether the carbon credits are grandfathered or bought in the
trading scheme, the cost of carbon should be included when
considering the future generation portfolio. The cost of carbon
is included in the analysis here in the form of a carbon tax,
which is applied to the energy output of each type of generation
in accordance with the emissions values given in Table I.

D. Load Growth and Profiles

The load profile for the all-Ireland system in 2020 was de-
rived from the historic data and an assumed average annual
load growth of 3%. This is roughly in line with the Republic
of Ireland system operator’s median load growth scenario [23].
To encapsulate the load duration characteristics of the demand
in the algorithm, the load was broken up into 18 separate load
bins. Each bin is 500 MW wide and records the number of hours
during the year when the load fell within the range of the bin.
The energy to be served in each bin is found by multiplying the
number of hours in the bin by the median value of the bin. The
load duration curve is illustrated in Fig. 1.

E. Hydro, Pumped Storage, and Interconnection

It is assumed here that Ireland’s hydro generation is already
fully exploited, and further hydro projects are not considered in
this paper. The all-Ireland system has approximately 509 MW
of hydro and pumped storage capacity at present. The hydro and
pumped storage units are incorporated into the model by using
their historic operation profile [20]. It is assumed that Ireland
will have 800 MW of HVDC interconnection with Great Britain
by 2020 [24]. It is assumed that these interconnectors can im-
port energy at a price that is about 7% less than the cost of en-
ergy from CCGTs in Ireland given the lower gas price and the
economies of scale achievable in Great Britain.

F. Wind Generation

Due to its variable nature, wind generation is included into
the modeling in a different way to the other generation sources.

Hourly wind generation profiles were used in this paper. These
were developed in [25] using real wind farm output data from
around Ireland and then scaled to meet the various statistical
parameters for various installed capacities. These profiles in-
clude the statistical benefits of diversity derived from spreading
wind farms over a large geographical area and also factor in the
limit of diversity that can be achieved on a small island such
as Ireland. Five separate wind profiles were used here for 77,
845, 1300, 1950, and 3900 MW of installed wind capacity. The
effects of these wind profiles on the net-load profile were ex-
pressed in terms of the changes it caused to the load duration
bins. These effects were then linearly interpolated to give a set
of duration bin values for net-load profiles, which corresponded
to wind capacities ranging from 0–3800 MW in 200-MW steps.
Fig. 1 shows the net-load duration curve with no wind capacity
and with 3800 MW of wind capacity. Installed wind capacity of
3800 MW is capable of serving 22% of the energy demand. The
uncertain and variable nature of wind generation means that sys-
tems need to have increased amounts of installed capacity and
operational reserve. The issue of uncertain wind output and ad-
equate system capacity is dealt with in the next section. Results
in [25] show that increasing wind generation does require an in-
crease in operational reserve but that this does not result in a
significant increase in cost to the system. For this reason, oper-
ational reserve costs have been excluded from the analysis here.

G. Uncertainties in Inputs

There are uncertainties surrounding many of the inputs
relating to future generation costs and characteristics, and the
challenging nature of generation resource planning results from
these uncertainties. In high-level analysis such as this, it is
impossible to account for all sources of uncertainty. However,
sensitivity analysis in relation to various key inputs such as
fuel prices, carbon taxes, and discount rates is carried out. The
uncertainty surrounding other factors such as generator build
time and operation and maintenance costs have been shown
to be relatively small [11]. Diversity analysis is also applied,
which may also be thought of as implicitly accounting for
general uncertainty in the input data [12].

III. GENERATION ADEQUACY

It is essential that a power system has enough capacity to
serve the load to the extent defined by a system reliability crite-
rion. The provision of capacity in systems is an important issue
to consider when analyzing future generation portfolios as it can
have significant cost implications. Intermittent sources of gen-
eration, like wind generation, make a different contribution to
the generation adequacy of a system than conventional dispatch-
able generation. As can be seen from Fig. 1, wind capacity can
serve a significant amount of total energy without necessarily
decreasing the hours of peak net-load by the same amount. This
trait has been overlooked in other work [11].

The generation adequacy requirement used by the system op-
erator in the Republic of Ireland requires sufficient capacity to
maintain a loss of load expectation (LOLE) of eight hours per
year [23]. This paper aims to produce generation portfolios that
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meet this criterion by deriving capacity credits for wind gen-
eration and conventional generation. These capacity credits are
then included in the least-cost portfolio optimization.

A. Capacity Credit Calculations

There are several ways to calculate system LOLE and gen-
eration capacity credits [26]. The approach adopted here is
a Monte Carlo approach similar to that used in [27]. Typical
forced outage probabilities and the number of days needed
each year for scheduled maintenance were used for the dis-
patchable generation. It was found that running each Monte
Carlo simulation for 1000 years gave good outcomes in terms
of convergence with the final LOLE answers having a standard
deviation of just 0.1 h per year.

In order to find the capacity credit of the generation consid-
ered in this paper, the impact of the installed capacity of the gen-
eration must be related to the LOLE of the system. For the 2020
all-Ireland hourly load profile, a base portfolio of generation was
created that gave a LOLE of eight hours per year. This portfolio
is the basis from which the effect of the individual plant can
be examined. The portfolio was made up of 10 101 MW of dis-
patchable generation, which approximates to 108% of the peak
load. The capacity credit results were found not to be sensitive
to the makeup of this base portfolio.

1) Dispatchable Generation: To find the capacity credit of
a certain type of dispatchable generation, extra units of it were
added to the portfolio. The portfolio of plant was then scheduled
out on maintenance, and the LOLE was calculated for the 2020
all-Ireland load profile. A decrease in the system LOLE could
be measured due to the increase in capacity. The load was then
increased uniformly during the year until the LOLE returned to
eight hours per year. The capacity credit was then found by di-
viding the amount of generation capacity added by the increase
in load that it could serve at a LOLE of eight.

It was found that all of the dispatchable generation had a ca-
pacity credit of approximately 0.99. This implies that 1 MW of
conventional generation allows almost 1 MW of extra load to be
served every hour in the year without decreasing system relia-
bility. Despite having availabilities of around 86%, the fact that
the units can be scheduled out on maintenance at times of low
load means that they keep a high capacity credit.

2) Wind Generation: To find the capacity credit of the wind
generation, the various wind profiles were subtracted in turn
from the load profile. The LOLE calculations were carried out
as before, and the capacity credit was again found by dividing
the corresponding installed wind capacity by the increase in
load. This was done for the five different wind profiles, and
Fig. 2 shows the capacity credit for the wind capacity at dif-
ferent penetrations. It can be seen that the capacity credit of the
wind capacity is initially about 0.4 for low penetrations of wind
generation. However, this decreases as the penetration of wind
generation increases and is about 0.19 for a wind capacity of
3800 MW.

The wind generation’s capacity credit at low penetrations ex-
ceeds its average capacity factor of 0.35. This is because there
are strong seasonal and diurnal elements to the wind generation
output. At times of system peak demand during winter daytime

Fig. 2. Capacity credit versus installed wind capacity.

hours, the wind can in general be expected to be producing more
than its average yearly output.

The first point on the curve in Fig. 2 was calculated for a wind
penetration of 77 MW consisting of six wind farms. At this ini-
tial point, the benefits of diversity are already factored in for
the six wind farms. It is likely that a single wind farm would
have a much lower capacity credit than this. Even assuming a
reasonably diverse range of wind farms, it can be seen that the
correlation of their output still means that the capacity credit de-
creases when the wind capacity increases. However, assuming a
reasonably diverse range means that the capacity credit will not
fall as fast as it would if the increased capacity was sited close
to the first six wind farms.

IV. PORTFOLIO OPTIMIZATION ALGORITHM

A portfolio optimization algorithm is used to find the mix of
generation technologies that, for a given set of inputs, results in
the load being met at least cost. Temporal system aspects and
unit startup factors are not included. However, the impact of
wind generation is included through the use of the load bins,
as are issues of plant utilization, load duration, and generation
adequacy. This approach gives insight into the relative effects
of key factors on the least-cost generation portfolios.

A. Formulation

Rather than solving for the installed capacity of the various
types of generations in the portfolio while trying to approximate
how they may be utilized, the approach adopted here is to opti-
mize the installed capacities and optimize how they are utilized.

Although the generation cost characteristics are based on a
notional size of installation, the optimization algorithm allows
the installed capacity of each technology to be a continuous vari-
able from 0 to infinity or its resource limited amount as shown
in Table I. This allows the problem to be formulated as a linear
program and the complications of discrete integer optimization
to be avoided. The energy served in each load bin by each tech-
nology, , is linked to the installed capacity of that tech-
nology, , with the use of constraints. The aim is to minimize
the objective function in (1). This is the cost of supplying the
all-Ireland load in 2020

(1)
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where
set of generation technologies being considered;

set of load duration bins;

annuitized capital cost and annual operation and
maintenance cost of generation in per MW
installed/year;

fuel cost of generation in /MWh.

This is subject to the capacity constraint, which ensures every
portfolio will have a LOLE of eight hours per year

(2)

where is the capacity credit of generation type . The
value of 10 000 in the constraint comes from 10 101 MW 0.99
and is coincidental.

The constraint in (3) ensures that there is sufficient energy
from the generation to serve the demand in each load bin

(3)

where
number of hours in each load bin;

center value of each load bin.

The energy served by each generation technology must not be
greater than the installed capacity of that technology multiplied
by its availability in hours per year, , as shown in Table I

(4)

The constraint in (5) is used to ensure that that one MW of
installed capacity does not provide more than one MWh at a
time

(5)

The constrained optimization algorithm shown in (1)–(5) is
run several times for different wind penetrations ranging from
0 to 3800 MW in 200-MW steps. In each run, the relevant in-
stalled wind capacity, the energy served by the wind capacity in
each load bin, and the related capacity credit are fixed in the op-
timization. This produces a series of portfolios, and the portfolio
that results in the least cost can then be selected as the optimal.

V. LEAST-COST GENERATION PORTFOLIO

RESULTS AND DISCUSSION

A range of portfolios produced by the portfolio optimization
algorithm were fed back into the maintenance scheduling and
LOLE algorithms outlined in Section III to check that they re-
sulted in an LOLE of eight hours per year. All portfolios, in-
cluding those with wind generation, were found to have a LOLE
in the range of 7.9–8.1 hours per year. This confirms the accu-
racy of the capacity credits used. A nominal discount rate of

Fig. 3. Installed capacities of generation in least-cost portfolios against wind
capacity for the low fuel price, no carbon tax scenario.

7.5% is initially applied to the capital cost of all the generation
plant [13], [15].

A. Effect of Increasing Wind Capacity

Analysis was carried out to examine the effect of increasing
wind capacity on the remaining mix of generation in least-cost
portfolios. Fig. 3 shows the installed capacities of the generation
in the least-cost portfolios with increasing wind generation for
the low fuel price scenario with no carbon tax.

It can be seen that the increasing wind capacity causes a de-
crease in the amount of base loaded plant and an increase in the
amount of peaking capacity required. This is due to the changes
that wind generation causes to the net-load duration curve. Sim-
ilar trends were found for portfolios that had CCGTs as the base
loaded plant. This behavior is in contrast to the impact wind ca-
pacity has on existing portfolios, where it normally displaces
the units with higher incremental costs. To ensure efficient gen-
eration portfolios as wind capacity increases, it becomes more
important that the correct long-term signals for peaking capacity
are provided in the marketplace.

B. Effect of Carbon Tax on the Least-Cost Generation Portfolio

Tables III and IV show the generation portfolios for the all-
Ireland system with various carbon taxes for the low and high
fuel price scenarios, respectively. If regulatory bodies can en-
sure that the cost of carbon is properly reflected in the market-
place, it is reasonable to assume, given the inputs, that these are
the sort of generation portfolios that the industry will be heading
toward in the year 2020.

It can be seen for the low fuel price scenario that a CCGT-
based system is found to be least-cost once the carbon tax is
10 /ton of and above. This is consistent with the industry
in Ireland at present, where most proposed generation projects
are for the development of new CCGTs. It also can be seen that
optimal penetration of wind power increases, as expected with
increasing carbon tax.

The high fuel price scenario forecasts a higher price for gas
relative to that of coal. The result of this is that a coal-based
system is the least cost option up to a carbon tax of 30 /ton
of . It can be seen that the increased gas price accelerates
the role of wind as a means to reducing carbon emissions in a
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TABLE III
PORTFOLIOS WITH INCREASING CARBON TAX FOR LOW FUEL PRICES

TABLE IV
PORTFOLIOS WITH INCREASING CARBON TAX FOR HIGH FUEL PRICES

least-cost manner with the maximum penetration of 3800 MW
of wind capacity reached with a carbon tax of 40 /ton of .

The Republic of Ireland currently aims to serve 13.2% of
electricity from renewable sources by 2010 [28]. The govern-
ment has tried in the past to encourage renewable development
with subsidies. However, it can be seen from Tables III and IV
that allowing the all-Ireland electricity system to feel the effects
of the European traded cost of carbon, something that would be
correct macroeconomic practice regardless, may result in sig-
nificant development of renewable energy without the need for
any subsidy.

C. Role of Wind Generation in Least-Cost Portfolios

An examination of the role of wind generation in least-cost
portfolios was undertaken for a large range of scenarios. Three
variables that have significant uncertainty associated with them
and have a large impact on the generation portfolios were altered
over a large range to find the role wind generation plays in the
subsequent least-cost portfolios. The three variables altered are
gas price, carbon tax, and discount rate. Fig. 4 shows the optimal
amount of wind generation versus the gas price and carbon tax
for discount rates (DR) of 6%, 7.5%, and 10%. The prices for
the other fuels in the analysis are the same as those in the high
fuel price scenario.

It can be seen from the surfaces in Fig. 4 that wind generation
plays a significant role in least-cost portfolios for a large range
of scenarios. It can also be seen that for a considerable amount
of scenarios, the optimal amount of wind capacity was found to
be the maximum amount assumed available: 3800 MW. This
indicates that wind generation may have an even larger role
to play in future generation portfolios than has been indicated

Fig. 4. Wind capacity in least-cost portfolios for various carbon taxes, gas
prices, and discount rates.

here. However, establishing the role of wind generation above
this level requires analysis of other systems issues, such as the
curtailment of wind generation and the potential for energy
storage. This type of analysis requires the adoption of a sophis-
ticated operational strategy that fully and fairly accounts for
wind generation.

The results here may provide insight into generation planning
issues on other systems. The methodology presented here, if
applied with the appropriate inputs for other systems, should
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establish the role of wind and other generation for these systems,
just as the analysis here established the respective role of the
generation sources for the all-Ireland system.

VI. FUEL PRICE VOLATILITY AND PORTFOLIO DIVERSIFICATION

The all-Ireland system relies heavily on imported fuel for
electricity production. This exposes Ireland to possible price
hikes and may even be exposed to shortages in supply. This
would have a detrimental effect on the economy of the island
[5]. It is generally accepted that diversification of generation
resources will serve to reduce the risk to which those systems
are exposed. However, correctly quantifying how much to di-
versify and what to diversify with is a difficult task, which has
yet to be successfully achieved. It was decided here to adopt
mean-variance portfolio theory as a means of analyzing the di-
versity issue. Although this technique has some drawbacks [9],
[12], it was thought to be the most practical for analyzing this
issue. It is a standard technique often used in finance theory for
stocks, shares, and bonds and has also been applied to genera-
tion portfolios before [11].

A. Fuel-Related Electricity Cost Volatility and Application
of Mean-Variance Portfolio Theory

The standard deviation and correlation of the cost of elec-
tricity produced by gas and coal are needed here to apply mean-
variance portfolio theory. These were derived from historic data
of the average annual fuel prices and forecasts of future real
fuel prices. The average fuel efficiency for coal and gas plant
were used in the calculations, and the yearly standard deviation
and correlation of the resultant annual electricity prices were
found. It was found that electricity produced from gas and coal
plant had a standard deviation of 8 /MWh and 4.2 /MWh,
respectively, over the time period considered. The correlation
coefficient was found to be 0.3. It was assumed that there is a
zero standard deviation of the price of electricity produced from
peat, biomass, and wind generation. These values and assump-
tions are in line with the literature [5], [11], [29].

In order to find the trade-off between electricity price and
electricity price volatility, the set of all possible portfolios was
searched by altering the amount of energy to be served by coal
plant and gas plant between 0 and 100% in steps of 2.5%. For
each step, the portfolio optimization algorithm as described
in Section IV was run and the least-cost portfolio found. This
process allows the full space to be searched and the efficient
frontier to be found. The efficient frontier is the frontier at which
the price cannot be reduced any further without accepting an
increase in the volatility of the price.

B. Illustrative Results

Fig. 5 shows the results of this analysis for the high fuel price
scenario and 30 /ton of carbon tax. The portfolios that
are made up exclusively of coal and gas plant are shown in
dark grey. Portfolios that include other sources of generation,
i.e., wind, peat, and biomass, are shown in light grey. Table V
shows the installed capacities of the different portfolios shown
in Fig. 5.

Portfolio A, which consists mostly of gas plant, results in the
lowest price possible from any combination of coal and gas plant

Fig. 5. Mean-variance portfolios analysis for the scenario with high fuel price
and 30 C/ton of CO carbon tax.

TABLE V
MEAN-VARIANCE PORTFOLIO ANALYSIS—SIGNIFICANT PORTFOLIOS

but results in a high price volatility. Portfolio B has the lowest
price volatility possible for any combination of coal and gas
plant, and it can be seen that it consists of a significant amount
of IGCC coal plant. The carbon tax means that the increased ef-
ficiency of the coal fired IGCC plant results in it being more cost
effective that the traditional PF plant. Portfolio C is the least-cost
portfolio, and it can be seen that 2800 MW of wind capacity re-
sults in a reduction in cost and a reduction in the volatility from
portfolio A. Portfolio D, with increased quantities of wind ca-
pacity and a large amount of coal plant, shows significant de-
crease in the price volatility while only causing slight increase
in price. Portfolio E has a diverse mix of plant and results in
very low volatility but high price.

Similar analysis for different scenarios showed a similar
trend: price volatility is reduced if increased amounts of wind
generation are added to the fossil fuel portfolios. However, the
extent to which wind generation can reduce exposure to price
volatility is limited by the amount of wind generation assumed
available. The corresponding impact on cost of increasing wind
generation will depend on the fuel prices and level of carbon tax.

VII. CONCLUSION

This paper combined analysis of generation economics, load
and wind generation characteristics, generation adequacy, and
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plant utilization to gain insight into the role of wind genera-
tion in future generation portfolios. Considering these various
aspects allows for a more complete determination of the role
of wind generation in portfolios than may have been possible
before. Results showed that for a large range of scenarios, wind
generation played a significant role in desirable generation port-
folios. Results found that for various scenarios, the desirable
level of wind generation may exceed that maximum level con-
sidered here. Further analysis using a sophisticated operational
strategy, which fully and fairly accounts for wind generation, en-
ergy storage, and wind energy curtailment, is required to explore
these scenarios further. It was shown that in least-cost portfolios,
wind generation displaces base-load plant. This may contrast
with the impact that wind generation has on existing portfolios,
where it may dispatch higher merit order units. Analysis also
showed that wind generation plays an important role in gener-
ation portfolios that are diversified to reduce exposure to fuel
price risk.
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