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This report focuses on the effect of wind energy on the
electricity price in the power market. As the report will
discuss, adding wind into the power mix has a signifi-
cant influence on the resulting price of electricity, the
so called merit order effect (MOE).

The merit order effect has been guantified and dis-
cussed in many scientific publications. This report
ends the first phase of a study on the MOE carried out
for EWEA by consultants Poyry, evaluating the impact
of EWEA's 2020 scenarios on future European electri-
city prices®.

The basic principles of the merit order effect are pro-
vided in the first part of the document, which gives the
reader the necessary background to follow the sub-
sequent literature review. The literature review itself
contains methods and tools not only to quantify the
merit order effect but also in order to forecast its fu-
ture range and volume.

The papers reviewed in this literature survey cover a
wide range of aspects linked to the price and MOE of
wind power penetration in each country. Although each
paper in a specified category works with different sets of
" assumptions, they essentially draw similar conclusions:
- An increased penetration of wind power reduces

wholesale spot prices. There were instances of zero

spot prices in the studies reviewed, part of which

SF RELEVANT STUDIES AND THEIR ESTIMA

-

ED MERIT ORDER EFF

could be attributed to wind generation. Wind power
also affects the merit order, resulting in MOE rang-
ing from 3 to 23 €/MWh (see Figure 1).

Wind replaces €O -intensive production technolo-
gies. The literature discusses the MOE of increased
wind power in terms of the technology replaced by
wind and its position in the merit order curve. During
periods of low demand, the technology that sets the
price in the wholesale market is usually hard coal in
the countries reviewed in the papers. Wind replaces
hard coal power plants during hours of low demand
and gas fired power plants during hours of high de-
mand in all these countries.

Wind can repiace part of the base load®. Some of
the papers discuss the potential of wind power to
replace part of the base load in the respective coun-
tries or regions. The resulting argument was that
wind power could replace a portion of the base load
if there is a greater integration of wind producing
areas such as Denmark, Gefmany and the Benelux
into one power market.

Consumers pay lower prices. The MOE and the sub-
sequent effect of wind generation on prices was also
analysed from the point of view of the end users. It
shows that if both the direct and indirect cost sav-
ings from renewable energy generation were taken
into consideration, the net effect of the RES support
scheme would be negative, that is, the consumers
would pay lower prices.

MOE price and volume effect in 2009 pricee;
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Power marketis

As part of the gradual liberalisation of the EU elec-
tricity industry, power markets are increasingly being
organised in a similar way. This applies to a number of
liberalised power markets, including those of the Nor-
dic countries, Germany, France and the Netherlands.
Common to all these markets is the existence of five
types of power market:

s

Bilateral electricity trade or OTC {over the counter)
trading: Trading takes place bilaterally outside the
power exchange, and prices and amounts are not
made public.

The dav-ahead market {spot market}: A physical
market in which prices and amounts are based on
supply and demand. The resulting prices and the
overall amounts traded are made public. The spot
market is a day-ahead market where bidding closes
at noon for deliveries from midnight and 24 hours
ahead.

The intraday market: There is quite a time difference
between close of bidding on the day-ahead market
and on the regulating power market (below). The in-
traday market was therefore introduced as an 'in be-
tween market’, where participants in the day-ahead
market can trade bilaterally. Usually, the one-hour
long power contract is traded. Pr'ices are published
and based on supply and demand.

The regulating power market (RPM) A realtime
market covering operation within the hour. The main
function of the RPM is to provide power regulation
to counteract imbalances related to day-ahead
planned operation. The demand side of this market
is made up of transmission system operators (TSOs)
alone, and approved participants on the supply side
include both electricity producers and consumers.

Wind Energy and Electricity Prices

- The balancing market: This market is linked to the
RPM and handles participant imbalances recorded
during the previous 24-hour period of operation.
The TSO acts alone on the supply side to setile
imbalances. Participants with imbalances on the
spot market are price takers on the RPM/balance
market.

The day-ahead and regulating markets are particularly
important for the development and integration of wind
power in the power systems.

Supply and demand curves

The basic concept of determination of the price in
a market is shown in Figure 2. The figure shows a
demand curve and a supply curve and the point where
they meet, which determines the price.

The demand curve in Figure 2 is relatively steep. This
means that the demand is inelastic, that is, it re-
mains almost unchanged in spite of a change in price.

Prices & Supply

£/MWh

¥

Demand

Py s

MWh

Source: EWEA



Principles of the merit order effect

inelastic demand is a characteristic of goods that are
a necessity. The substitutes for these goods are few
and difficult to obtain. Power and electricity fall into
this category as they are vital goods seen as essential
for the existence of modern civilisation.

As demand is inelastic, minor changes in the supply
can result in major price changes. Adding wind power
into the generation mix will affect the supply curve, the
supply curve will shift, and a new price will be deter-
mined as a result of market dynamics.

Supply and demand
in the power market

The supply and demand curve in the power market
is presented in Figure 3. Typically, the power portfolio
is made up of a range of power technologies: wind,
nuclear, combined heat and power plants, and con-
densing plants and gas turbines. The ordering of the
power supply of each of these players depends on the
amount of power they can supply and the cost of this
power.

Figure 3 shows a typical example of an annual
supply and demand curve. In a power market, the
supply curve is called the ‘merit order curve’. As seen
in Figure 3, such curves go from the least expensive

FIGURE 3 ANNUAL BUPPLY AND DEMAND CURVES
IN THE POWER MARKET
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to the most expensive units and present the costs
and capacities of all generators. Each unit is shown as
a step in the ‘curve’. The differences between costs
are mainly due to the technology used and the fuel it
consumes. As shown, the bids from nuclear and wind
power enter the supp}y'curve at the lowest level, due
to their low marginal costs, followed by combined heat
and power plants, while condensing plants are those
with the highest marginal costs of power production.
Note that hydro power is not identified in the figure,
since bids from hydro tend to be strategic and depend
on precipitation and the level of water in reservoirs.



How does wind power influence
the power price on the spot
market?

Wind power is expected to influence prices on the
power market in two ways:

+ Wind power normally has a low marginal cost (zero
fuel costs) and therefore enters near the bottom of
the supply curve. Graphically, this shifts the sup-
ply curve to the right (see Figure 4), resulting in a
lower power price, depending on the price elastic-
ity of the power demand. In the figure below, the
'price is reduced from Price A to Price B when wind
power decreases during peak demand. In general,
the price of power is expected to be lower during
periods with high wind than in periods with low wind.
This is called the ‘merit order effect'.

- As mentioned above, there may be congestion in
power transmission, especially during periods with
high wind power generation. Thus, if the available
transmission capacity cannot cope with the required
power export, the supply area is separated from the
rest of the power market and constitutes its own
pricing area. With an excess supply of power in this
area, conventional power plants have to reduce their
production, since it is generally not economically or
environmentally desirable to limit the power produc-

tion of wind. In most cases, this will lead to a lower
power price in the sub-market.

The way in which wind power influences the power spot

price due to its low marginal cost is shown in Figure 4.

FIGURE 4; EFFECT OF WIND POWER AT DIFFERENT TIMES OF
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When the supply of wind power increases, it shifts the
power supply curve to the right of the figure. At a given
demand, this implies a lower spot price on the power
rmarket, as shown. However, the impact of wind power
depends on the time of the day. If there is plenty of
wind power at midday, during the peak power demand,
most of the available generation will be used. This im-
plies that we are at the steep part of the supply curve
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merit order effect

(see Figure 4) and, consequently, wind power will have
a strong impact, reducing the spot power price'sig—
nificantly (from Price A to Price B in Figure 4). But if
there is plenty of wind-produced electricity during the
night, when power demand is low and most power is
produced on base load plants, we are at the flat part
of the supply curve and consequently the impact of
wind power on the spot price is low.

Impact of wind power on spot
prices '

Structural analyses are used to quantify the impact
of wind power on power spot prices. A reference is
fixed, corresponding to a situation with zero contribu-
tion from wind power in the power system. As more
wind comes onto the system the effect is calculated
at different levels. This is illustrated in the left-hand
graph in Figure 5, where the shaded area between the
two curves gives an approximaté value of wind power
in terms of lower spot power prices.

The righthand graph in Figure 5 gives figures from
the West Denmark area. Five levels of wind power
production and the corresponding power prices are
depicted for each hour of the day in December 2005.
The reference is given by the '0-150 MW' curve,

which includes those hours of the month when the

wind was not blowing. Therefore, this line on the graph
provides approximate prices for an average day in
December 2005, in a situation with zero contribution
from wind power.

The other lines on the graph show increasing levels of
wind power production: the 150-500 MW curve shows
a situation with low wind, increasing to storm levels in
the >1,500 MW curve. As shown, the higher the wind
power production, the lower the spot power price. At
very high levels of wind power production, the power
price is reduced significantly during the day, but only
falls slightly during the night. Thus, there is a signifi-
cant impact on the power price, which might increase
in the long term if even larger shares of wind power
are fed into the system. Figure 5 is based on data
from December 2005, but similar data is found for
most other periods during 2004 and 2005, especially
in autumn and winter, owing to the high production of
wind power in these time periods.

Of course, ‘noise’ in the estimations does exist, as
there is some overlap between curves for the differ-
ent categories of wind power. Thus, a high amount of
wind power does not always imply a lower spot price
than low wind power production, indicating that signifi-
cant statistical uncertainty exists. And of course, fac-
tors other than wind power production also influence

PRICE IN THE WEST DENMARK POWER SYSTEM IN DECERMEBER 20060

DKK/MWHh
DKK/MWh

1 4 7 0w 13 415 19 22
Hour of the day

Note: The calculation only shows how the production contribution from wind power influences power

December power price = 0-150 MW

~ 150-500 MW
= 500-1000 MW
= 1000--1500 MW

= =1500 MW

: 4 7 2@ 13 15 19 22
Hour of the day

Source: Riso DTU

prices when the wind is blowing. The analysis cannot be used to answer the question ‘What would the
power price have been if wind power was not part of the energy system?’

i2
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prices on the spot market. But the close correlation
between wind power and spot prices is clearly verified
by a regression analysis carried out using the West
Denmark data for 2005, where a significant relation-

ship was found between power prices, wind power -

production and power consumption. When wind

power reduces the spot power price, it has a significant
influence on the price of power for consumers.
When the spot price is lowered, this is beneficial to
all power consumeré, since the reduction in price
applies to all electricity traded — not only to electricity
generated by wind power.
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On behalf of EWEA, Péyry analysed various studies on
the impact of wind on power markets. Poyry focuses
on some key areas and topics related to the merit
order effect and investigates how they are covered in
the different studies.

The review talks about a “price effect”. This refers
to the MOE per megawatt hour (MWh). The “volume
effect” is also mentioned, and refers to the total
savings brought about by wind power penetration
during a particular year.

As part of the review, a matrix was prepared (see

Appendix), to highlight which issues are directly or
indirectly addressed in the different studies, and to
provide an overview. The key areas analysed in the
review are:

a) Approach and model
b) Key assumptions
c) Actual MOE in terms of price and volume effect

d) Key parameters sensitivities analysed and
their results

Wind Energy and Electricity Prices

e) What kind of conventional technology
wind capacities replace

f) Main conclusions

g) Poyry's assessment

The selected papers deal with the impacts of in-
creased wind power capacity and indicate the price
or cost effect of increased wind power on the elec-
tricity market. However, only a few papers really focus
on the effects on the electricity price, whereas others
focus on related topics such as impacts on subsidy
schemes or market design. In the matrix in annex, the
papers are categorised into the following headings
based on their core focus:

|. Effect of wind power on spot and wholesale prices,
producing a merit order effect

Il. Direct and indirect benefits of renewable energy
support (RES) schemes for end users

lll. Wind power and the power system infrastructure

i5



Literature review

I. Wind power’s merit order effect on spot and wholesale prices

Literature

The papers reviewed cover a wide range of prices and
MOE effects from wind power penetration in each
country. Although each paper in each of the speci-
fied categories uses different sets of assumptions
they essentially draw similar conclusions. The general
conclusion in all of them is that there is a downward
movement of wholesale/spot prices, due to increased
wind power penetration. There were instances of zero
spot prices, part of which could be attributed to wind
generation. Wind power also affects the merit order
resulting in a merit order effect. The papers specify,
dependent on their main assumptions, an MOE range

of 3-23 €/MWh.

Only a few of the studies indicate the total amount
of savings made due to the wind power penetration
during a particular year. For Germany, two studies
evaluate the volume effect of increased wind power
within a range of €1.3-5 billion per year. The Danish '

volume effect is put by one study at €0.1 billion for

2006. However, all these figures depend heavily on
certain assumptions such as the assumed wind
penetration level, the power generation mix and
the marginal costs of the replaced conventional
technology.

Figure 6 below summarises the results.

MOE price and volume effect in 2009 prices

Price effect in Euro/MWh
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Moreover, the literature discusses the MOE of
increased wind power in terms of the technology
replaced by wind and its position in the merit order
curve. During periods of low demand, the techno-
logy that sets the price in the wholesale market is
usually hard coal in the countries reviewed. Wind
replaces hard coal power plants during hours of low
demand and gas fired power plants during hours of
high demand in all these countries. Sensfuss et al.
guantified the annual MOE for Germany based on spot
price analysis. Some of the papers discuss the poten-
tial of wind power to replace a part of the base load
in the respective countries or regions. They conclude
that there is a possibility of wind power replacing
a small portion of the base load if there is a larger
integration of wind producing areas such as Denmark,
Germany and Benelux.

The most important and relevant papers are summa-
rised in the table provided in the Appendix to this
report. These papers assess the merit order effect of
wind on wholesale or spot prices.

The second group of papers, referred to in Section 2,
- analyse the MOE and the effect of wind generation
on power prices from the point of view of the end
users. The key question was whether the RES support
schemes result in higher costs for the consumers?
Studies by Bode et al. and Miera et al. conclude
that, if both the direct and indirect cost savings from
renewable energy generation are taken
consideration, the net effect of the RES support
scheme would be negative, that is, the consumers
actually pay lower prices. The main argument is that
when wind power rebiaces high cost peak load plants
{which are mainly hard coal and gas fired), savings are
made in terms of fuel costs. Additional savings are
made due to the reduction in compliance cost within
the EU’s ETS market mechanism - that is, having to
buy the utilities having fewer carbon credits to buy
because wind emits no CO,.

into

The third group of papers reviewed mainly focused
on the effect of wind power on the power system and
carbon emissions as referred to in Section 3. It was

Wind Energy and Electricity Prices

observed by Goransson et al. that not only the variable
costs but also the start-up and shut-down costs play a
significant role in the dispatch of power in the system.
Increased wind power penetration will cause the
capacity factor of units with low startup and shut-
down costs to decrease more that those with high
start-up and shut-down costs.

One observation that is common to all the papers
reviewed here is that all the results and conclusions
were based on past historic data and none on any
forecasts for future years. Especially given the 2020
targets for renewable energy, it would be useful to
have an idea of the possible price effects in 2020 or
later years, when there will be even more renewables
in the system. Also, the studies focus on single coun-
tries - there is a need for a study which encompasses
all the wind generating countries in the EU, so that
they can be analysed under the same set of assump-
tions and provide a picture of the future. This study will
be carried out by Pdyry for EWEA in 2010.

17
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Wind power's merit order effect on spot and whelesale
prices

1.1 Sensfuss, Frank, Ragwitz, Mario and Genoese, Mas-
simo. (2007). Merit Order Effect: A Detailed Anal-
ysis of the Price Effect of Renewable Electricity
Generation on Spot Prices in Germany. Fraunhofer
institute Systems and Innovation Research.
Energy Policy 36 (2008) 3086- 3094.

Abstract

The paper measures the merit order effect (MOE}
of renewable energy generation on German elec-
tricity spot prices in 2006. The key assumptions
in the paper were as follows:

Electricity demand in the short term is inelastic®
with respect to day-ahead markets

All electricity is traded on the simulated spot
market

Renewable energy generation had no major
impact on the development of the power plant
portfolio. This means the decision to invest in
new RE capacity does not affect the decision to
invest in conventional capacity.

Methodology

The bid price for power plants is based on variable
cost and start up cost. A calibrated PowerACE?*
model was used to run simulations from 2001-
2008. The simulations were run once with
renewable electricity (RE) production supported
by feedin ftariffs, and run a second time
without them, in order to measure the MOE of the
renewables.

Results

The results show that the impact of RE production
in electricity spot prices during the low-load
period is zero, while it reaches up to 36 €/MWh in
hours of peak demand. However, this difference is
attributed to the steepness of the German supply
curve, which is higher in cases of high demand.
The final resuits show a reduction in the average
market price of 7.83 €/MWh in 2006 due to

renewables - this is the MOE of renewable energy
production. The total volume of the MOE in 2006
was £4.98 billion. The paper also uses another
indicator from the consumer perspective, which is
the ratio of the merit-order effect to the electricity
generated by RE sources. This indicator reaches
95.4 €/MWh, while the average specific tariff
for renewable electricity stood at 109 €/MWh in
2006. A few sensitivity analyses were also been -
carried out in the study:

- Variation in fuel prices: A range of fuel prices of
+/- 20% were studied to capture their MOE.
Lignite, nuclear and fuel oil plants had limited
impact on the spot prices, while gas and hard
coal price variation has the maximum impact.
This is because the price setting units in Ger-
many are mostly gas and coal. A gas price re-
duction by 20% caused a MOE of around 30%
while hard coal had an opposite impact be-
tween 9-11% on the MOE.

- Variation in RE capacity: The RE capacity was
varied in steps of 20% to capture the MOE and
it was observed that when RE capacity grew by
40% the MOE grew by 31%.

.

Scarcity mark-up: The scarcity mark-up is a
premium that is added to the bid price. It is a
quantitative representation of the scarcity value
of a capacity and depends on the expected ratio
of available generation capacity to demand. The
lower the ratio, the higher the scarcity mark-up.
In the simulations, the scarcity mark-up was
added to the bid-price to capture jts MOE. The
scarcity mark-up increased the MOE by around
€0.7 billion in 2005 and 2006.

- Carbon prices: Simulations were also run with
varying carbon prices and it was observed that
a rise in the daily carbon price from O to 40 €/
tonne leads to a reduction of the MOE of around
16%. This phenomenon according to the paper is
rather surprising at the onset. This is explained
in the study by a separate simulation consider-

# Inelastic electricity demand implies that demand does not change with change in electricity prices.
¢ The PowerACE is a research project on effects of emissions trading and the increased use of renewable energy sources on power
markets that was conducted from 2004-2007. Many research institutions were involved in the projects team and it was funded by

Volkswagen Stftung.
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ing a hypothetical portfolio of five hard coal and
six gas fired plants, showing the different effects
of the change in carbon prices on the slope of
the merit order curve. The study explains that
the volume of MOE is largely dependent on the
steepness of the merit-order curve®.

For certain technologies, like gas turbines, the
increasing carbon prices increase the slope of
the merit-order curve since the impact of efficien-
cies on generation cost increases, which should
increase the MOE of the RE generation. Another
important aspect is the impact of switching fuels.
Higher carbon prices move hard coal power plants
up within the merit—order curve, decreasing the
slope of the shoulder and peak load segment. As
a result the MOE decreases. The extent of both
these effects depends heavily on the position
of the technologies within the merit-order curve,
which is dependent on the hourly RE generation
and the total electricity demand. In addition, the
study states that the actual size of both effects
depends on the relation of gas and coal prices
and the carbon price. Therefore, the aim of this
simplified analysis was to highlight the complexity
of the effects determining the impact of carbon
prices on the MOE.

Lastly, the paper examines the effect of RE
generation on the overall power portfolio to
measure the MOE with the assumption that with
a new power portfolio the merit-order curve would
be different, and as a result the volume of the
MOE would also vary. The authors conclude that
RE generation through feed-in schemes affected
neither investments in new capacity up to 2006
nor the decommissioning and strong change
of existing capacity between 2005 and 2006.
However, the ‘possible’ impact of a modified power
plant portfolio on the MOE was assessed by
simulating a new portfolio taking into account the
retirement of all decommissioned power plants with
a life-time of less than 30 years and an adapted
merit order curve due to addition of RE capacity.
The result was a MOE of €2.1 billion in 2006.

1.2 Jonsson,Tryggvi,Pinson, Pierre and Madsen, Henrik.

{2009). Day-Ahead Electricity Prices in Denmark:
The Impact of Wind Power Forecasts, and On the
Market Impact of Wind Enefgy Forecasts. Energy
Economics (2009) 10.018.

Abstract

Both papers mentioned above are by the same
authors and reach similar conclusions. The main
difference between them is that the first paper
provides quantitative results. Therefore, all guan-
titative results from these authors should be
assumed to have come from the first paper.
The results present an analysis of how the spot
prices in West Denmark are affected by wind
power forecasts. The analysis emphasises the
effects of such forecasts on the mean behaviour
of prices, the intra-day variations of these effects
and their impact on the distributional characteris-
tics of the day-ahead market.

Methodology

A non-parametric regression model was used
for the analysis. In order to capture the MOE it
assumes two scenarios, that is, the wind does
not blow versus the wind does blow. The papers
demonstrate that the ratio between the wind
generation forecast and the load forecast has the
strongest effect on the spot prices. The impact
of wind power generation on the day-ahead spot
prices is quite substantial. However, the report
says that the extent of this impact is difficult to
point out. The paper explains, using an example,
that when the forecast wind penetration is under
4% there is little or no effect on spot prices, but
with a forecast of 11% wind or more, the spot
prices gradually decrease.

Results

Sensitivities were varied, simulating a RE
penetration between 20%-80% of the total pow-
er demand. The effect on the price (that is, the
difference between the no wind blows and the
wind does blow scenarios) was 25-30 €/MWh
for periods of predicted low wind penetration,

% When the merit order curve is steeper L.e., when the slope of the cuzve is increased, the MOE is higher as compared to a flatter merit

order curve with reduced slgge.

‘Wind Energy and Electricity Prices
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(40%) and 33- 35 €/MWh during periods for which
high wind penetration was predicted (80%). During
the night, the average price varies from around
30 €/MWh when low wind power production was
forecasted down to around 18 €/MWh for hours
with large amounts of wind power production fore-
cast, while during the day the difference between
the two extremes — low forecasts and high ones
- Is larger, as prices go down from 50-55 €/MWh
- down to 30 €/MWh. On average, prices drop by
17.5% when the wind power penetration exceeds
4%. In Denmark, where the target is to have up to
50% of electricity consumption from wind, there
will be more instances of zero spot prices. This
will make investment in future capacities less
attractive. Wind power has non-linear effects on
prices, which implies that the current market
situation cannot be scaled directly in order to
analyse future circumstances. The share of other
RES (biomass, solar and wave) should also be
monitored, as should their impact on the effect of
wind power. They will play an important role in the
future development of the market structure.

1.3 Bach, Paul Erik. (2009). Effect of Wind Power on Spot

Prices. Renewabie Energy Foundation. London, UK.

The volatility of the spot market prices is used as
an indicator of the guality of the wind resource
and the interconnector capacity available. There
is no model in this paper. The approach is simplis-
“tic: only data from statistical graphs is analysed.
This paper concludes that a definitive opinion
cannot be given as to whether wind power
contributes to higher or lower average spot prices.
The argument given against the hypothesis that
lower wind power penetration causes spot prices
to increase, is that even if conventional capacity
is available, it may take days to bring a unit from

a state of long-term reserve into a state of opera-

tional reserve. Wind power does contribute to a
reduction in prices, but interconnector capacities

play a very significant role in bringing the price

to zero at times. For example, the report claims

that Swedish congestion policy is the reason for
unstable prices in East Denmark. Sweden tries to
maintain uniform prices in all price areas, which
means internal bottle-necks are transferred into
reduced trading capacity between East Denmark
and Sweden. The cost of capacity reductions
should be studied while considering the large-
scale integration of wind power.

1.4 Nicolsi, Marco and Fiirsch, Michaela. (2008). The

impactof increasing the Share of RES-E on the Con-
ventional Power Market - The example of Germany.
Zeitschrift fuer Energiewirtschaft 03/20089.

Abstract

The paper analyses the short-term and longterm
effects of wind power on the spot prices. The key
assumption is that power demand normally stays
around the same level.

The paper agrees that the variability of wind power
leads to a drop in day-ahead spot prices. But it
investigates the short-term price effect that could
lead to an adaptation process in the conventional
generation capacity mix in the long run. The pa-
per demonstrates that in the long run a higher
peak load plant share is required to cope with the
increasing volatility of the residual demand®. The
result is an adapted merit-order curve’, which will
intersect with an increasingly volatile residual de-
mand curve and lead to higher price volatility in
the power market. This will trigger further adapta-
tions in the conventional generation capacity mix.

Methodology !
The analysis does not make use of a specific
model. Instead it shows, with the help of statistical
historical data, that there is a negative correlation
between the wind power infeed and the power
prices. Furthermore, it indicates that there is a
strong correlation between the load and power
prices. Asanextlogical step, the analysis combines
these two parameters in order to receive the
residual load and its price correlation.

demand is met by wind capacity.

° Residual demand: the difference between the total demand the total wind in-feed Le., the demand that is left after part of the total

 The variability of wind power brings about a drop in day-ahead spot prices. Data from Germany llustrates this effect and explains the underlying
relationships. This short-term price effect leads to an adaptation process in the conventional generation capacity mix. In the long run, a higher
"peak load plant share is required to cope with the increasing volatility of the residual demand. The result is an adapted merit-order effect.
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Results

The main conclusions of this paper are that the
correlation between load and spot prices is much
higher than the correlation between wind in-feed
and spot prices. While the shortterm effect of
wind is the lowering of prices, in the long term
there is an effect on the conventional capacity
as well. Wind can make up a small amount of
capacity credit® as a result of which some base
load capacities will be displaced. However, this
percentage is very small. The paper provides the
example of Dena (2005), which showed that wind
capacity of 14.5 MW in 2003 in Germany had a
capacity credit of between 7% and 9%, meaning
that between 1.0 and 1.3 GW of conventional ca-
pacities can be substituted. One important impli-
cation is that an increasing penetration reduces
the relative capacity credit.

The study mentioned above also calculated that
the 35.9 GW wind capacity considered in 2015
would be have a capacity credit of only 5-6%.
The result of a high RES-E in-feed with a relatively
low capacity credit is an increase in peak load
capacity and a drop in base load capacity, and is
not quantified in the paper. The steepness of the
merit-order curve will also change in the long run
due to this phenomenon. In 2008, the total load
deviation was 42,451 MW, while the difference
between the maximum and minimum wind
power in-feed was only 18,911 MW during the year.
It is the fluctuation in the residual demand that
is greater than the deviation in total demand. This
effect is expected to increase with the addition of
38 GW of wind power capacity by 2020 as the mini-
mum residual demand (low load and high wind) will
decrease with increasing wind capacity. The
reasoning behind this is that certain RES-E,
notably wind power, provide a relatively high
energy amount, but contribute little to an
adequate power system due to their low capacity
credit. If the volatile wind power in-feed leads
to an increasingly fluctuating inelastic residual
demand curve, the power price becomes increas-
ingly volatile.

1.5 Munksgaard, fesper and Morthorst, Pou! Erik.

(2008). Wind Power in the Danish Liberalised
Power Market - Policy Measures, Price Impact and
Investor Incentives. Energy Policy {2008).07.024.

Abstract

This paper analyses the impact of wind on the
spot market price on hourly basis with and without
the wind power capacity included in the power sys-

“tem. The assumptions are not clearly specified

in this paper, mainly because Munksgaard and
Morthorst are referring to a study by @stergaard
et al. from 2006. The main focus in the paper is
on the redesign of wind power policy measures
following the Danish electricity reform in 2000
and the impacts on incentives to invest in new
wind power capacity.

Methodology

The paper analyses the econcomic impacts of the
measures with regard to the wind power producer
and the electricity consumer. This is done by
comparing the payment to wind power producers
with the spot-market price. First, the subsidy paid
to wind power producers is evaluated and then
the authors analyse whether larger amounts of
wind power have an impact on the spot power
price. Finally, the analysis compares the revenue
from wind power production with the costs of
production in order to assess whether an incen-
tive exists to invest in wind power. No modelling
tool is used. The analysis is based on a compa-
rison between forecast data and actual data on
subsidies and power price levels.

Results

The main conclusion of the paper is that the fact
that Danish wind power tariffs were redesigned in
2000 does not by itself constitute a reason for
the current Danish recession in new wind power
installations. The main causes of the recession
could include a combination of problems such
as spatial planning, the high risk aversion of new
investors and perhaps more favourable support
schemes in other countries. On the merit order

Wind Energy and Electricity Prices
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issue, the paper concludes that consumer elec-
tricity prices would have been 0.1-0.4 c€/kWh
higher from 2004-6 if there had been no wind
power production.

The paper also analyses some sensitivities at
varying levels of wind power in MW on an hourly
basis. The sensitivity results show that in a “no
wind" situation (under 500 MW), prices can in-
crease by up to 600 DKK/MWh (80 €/MWh) and
in an “extreme wind situation”®, spot prices on
hourly basis are reduced to a range of approxi-
mately 250 €/MWh (34 €/MWh when wind power
production exceeds 1,500 MW). These figures
reflect price extremes which are very unlikely;
nevertheless, the paper concludes that the
extreme scenarios would lead to a decreased
spot price of 12-14% in West Denmark and 2-5%
in East Denmark.

1.8 Delarue, Erik. D., Luickx, Patrick J. and D’haeseleer,
William D. (2009). The Actual Effect of Wind
Power on Overail Electricity Generation Costs and
CO, Emissions. Energy Conversion and Manage-
ment 50 (2009) 1450-1456.

Abstract

The paper analyses the effect of wind power on
the cost of power generation. It models the vari-
able nature of wind power. The results of the pa-
per are relevant for countries with a diverse mix
of technologies, such as Belgium. The paper does
note the effect on the merit order, since it dis-
cusses the technologies replaced; however, the
effect is not been quantified.

Methodology

This paper uses an optimisation model to de-
termine the effects of wind power on the cost of
electricity generation and carbon emissions in
Belgium. The model used is mixed integer linear
programming (MILP) and has the characteristics
of an advance unit commitment (UC) model*®. In
the first step a regular UC day-ahead optimisation

1.7

is executed and in the second step a realtime
dispatch is executed. The paper considers the
gate closure time — assumed to be 24 hour ahead
—to be an important determinant of the accuracy
of wind power prediction. It also models the errors
in wind power forecasts, which it assumes to be a
key factor. Four kinds of wind profile are matched
with four kinds of load profile to make 16 simula-
tions in total.

Results

The paper concludes that assuming the price of
coal to be 5.4 €/MWh and gas 11.5 €/MWh,
the cost of electricity of a 35% efficient coal
fired plant becomes 15.4 €/MWh and for a 50%
efficient gas fired plants becomes 23 €/MWh. The
total fuel cost reductions amount to 56,000 €/MW
of installed wind capacity, which translates into
23.3 €/MWh. However, different forecast accura-
cies for wind power generation do not have any
significant impact on generation cost and CO,
reduction. In the case of low load levels and high
wind output, coalfired plants are replaced. In
other cases, such as high wind, high load or
low load, low wind, it is mostly gas fired plants
that are replaced. But on average in this Belgian
case study, electricity from wind replaces the
equivalent of a 50% efficient combined cycle gas
turbine (CCGT) plant.

Weigt, Hannes. {2008}, Germany’'s Wind Energy:
The Potential for Fossil Capacity Replacement
and Cost Saving. Applied Energy 86 (20608)
1857-1863.

Abstract

This paper analyses the potential of wind energy
to replace fossil fuel capacity and the eventual
cost saving this would bring about. The paper
discusses the MOE potential of wind power and
this is tested in a three step process. First, the
off-peak load segment is tested for potential
replacement; second, the mid-load plants are esti-
mated, and finally the peak segment is analysed**.

8 Wnen wind power penetration exceed 1,500 MW,

1% according to the paper the model takes into account a wide set of technical constraints of power plants. To take wind powsr and its
fimited unpredictable character into account proparly, & specific algorithm has been developed. In a first step, a regular day-ahead
unit commitment (UC) optimisation is performed, applying with a certain forecast of wind power. In a second step, the real-time dis-
patch is executed. Each hour of the day, the activated planis are dispatched, now taking the actual wind power output into account.
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Methodology

To perform their analysis, the authors built a
market model to estimate the differences in pro-
duction costs and market prices caused by wind
penetration. It is an optimisation model with the
objective function of meeting the demand in a
least-cost manner. The model is a static model
with respect to the underlying parameters. The
export and import of electricity and small scale
generation from solar, biomass and other distri-
buted generation have not been considered.

Results

The main conclusion of the paper is that wind
generation has a downward impact on both
prices and generation costs. During the obser-
vation period, a total saving of €4.1 billion is
observed (€1.3 bn in 2006, €1.5 bn in 2007 and
€1.3 bn in the first half of 2008 ). The signifi-
cant increase in savings is due to the increase in
EUA's prices in 2008. On average the price reduc-
tion is around 10 €/MWh, going up from 2006 to
2008. The price impact varies for different times
(and different load levels). Whereas during off-
peak hours the impact on increased wind genera-
tion is rather small, there is a significant reduction
during peak hours. This can be explained by the
impact of wind generation on the merit curve of
electricity markets. Electricity markets typically

Supply
Costs A w/o RES
Prices Demand "
Supply
: with RES
i [T e
decrease |

Quantﬁy

RES Supply

Source: Weigt
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face a relatively flat supply curve in the beginning
and a rapid slope increase in peak-load levels.
Given that wind has no fuel costs it is added at
the left side of the merit order curve, shifting the
whole curve to the right. During off-peak times
this shift has little price impact due to the flat
gradient. However, during peak times even a small
shift can cause significant price differences. This
is explained in Figure 7.

Savings from reduced market prices are roughly in
the same fange as the additional expenses that
come from feed-in tariffs. However, the possible
savings from reductions in emission allowance
prices indicate that the overall impact would be
to bring the price down. Besides the pure market
effect, there is also an indirect effect in terms of
saving on fuel costs. The conventional capacity re-
placement potential is not proven although there
was reduction of 4 GW capacity observed during
the period which could not be attributed to wind
power. However, if a larger area such as Denmark,
Benelux and Poland is integrated then it will in-
crease the potential of wind generation to replace
installed conventional capacity.

Neubarth, Jiirgen, {2008). Influence of Wind Elec-
tricity Generation on Spot Prices (Beeinflussung
der Spotmarktpreise durch Windstromerzeu-
gung). Energiewirtschaftliche Tagesfragen 56. Jg.
(2006) Issue 7.

Abstract

This study focuses on the role of the TSO and
how it deals with uncertainties in wind generation,
its forecasts and its related extra costs due to
the need for balancing power. The MOE calcula-
tion is only a by-product of the analyses and does
not relate to any future forecast. The analysis is
made with actual and historical data. The study
compares hourly forecasts for production by wind
operators reported to the TSO from 1 September
2004 to 31 August 2005, with the corresponding
spot prices at the EEX auction.

‘! The dataset is divided in time-of-day subsets: base {Oam-12pm), ofi-peak (Bpm-8am), mid-load (8am-8pm), ncon {11am-1pmy},

and evening (Spm-Tpm).

Wind Energy and Electricity Prices

23



Literature review

Methodology

The paper compares statistical data for wind prog-
nosis and spot market prices. No specific model-
ling tool was used in the analysis, and only actual
and historical data (2004 - 2005) were used.

Results

It was observed that, due to market dynamics and
the lower marginal costs of wind power compared
to conventional power, the spot electricity prices
decrease by 1.9 £/MWh per additional 1,000 MW
wind capacity in the system. This refers to the
daily average values of market prices. The only
sensitivity analysis is done by calculating a differ-
ent “average value”: annual averages show a MOE
of 2.7 €/MWh. The main conclusion is that the
uncertainty of wind prognosis is in the 5% range.
Because of this, the TSO has an additional cost to
balance differences of prognosis and obligations
to the electricity traders. These costs are corre-
lated to the wind generation volume but cannot
easily be predicted. However, the TSO could be al-
lowed to add these extra costs onto the grid fee.

FIGURE & F‘R%{XZ EFFECT OF WIND CAPACITY PENETRATION - LIT

Conclusions

The papers above have been categorised together
as they all deal with the effect of wind power on the
spot prices of a particular country. Four of the papers
(Sensfuss et al., Jonsson et al., Munksgaard et al.,
Weigt and Neubarth) estimate the effect of wind
power generation on the hourly spot prices in Germany
and Denmark. Weigt's paper looks at the cost savings
in conventional capacity due to wind generation,
putting them at 11 €/MWh (converted to 2009 prices
for comparability). However, this has still been included
in Figure 8, with the assumption that the cost saving
he describes is due to a reduction in price. Bach and
Nicolsi et al. do not indicate any effect on the price.
Although each of the papers has a different set of as-
sumptions, it is still interesting to see the range of
effects on the price they show. The following figure
shows the effect on the price in €/MWh czlibrated to
2009 prices®?.

Jonsson et al. give price effects separately for day time
and night time. The average of the two prices has

Total price effect in 2009 prices
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Sensfuss Jonsson  Munksgaard Delarue Weigt, DE ~ Neubarth, DE
et al., DE et al., DK et al., DK et al., BE

Source: Poyry

12 The Eure Zone Consumer Price Index (HCIP) was used to calculate at 2008 prices.
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TABLE i: THE PRICE

TS OF INCREASED WIND POWER AND ITS ASSUMPTIONS - LITERATURE REVIEW

Gross electriclty | Percentage of Average spot

Year of MOE MOE : T 5 5
Scenarios/ Variables i : production electricity price during the
study Price effect Violume effect in the year from Wind vear
EUR/MWh Billion EUR TWh % EUR/MWh
Sensfuss etal, DE Wingd genpradonincreass 2006 8 5 621 45 - 65
Sensfuss atal, in 2006
jonsson stal. oK Per additional 1000MW 200405 17 36+ 18.3+ = 35.5%
Murksgaardetal. | DK A'cuimpartsom with 200406 4 04 4564 13.4* 46.5=+
g it a no wind scenano
Delarue et al, BE Pure fuel cost saving 2008 23 95 G4 5.1# - 65
Weigt DE Diftarance of 40% @ 80% 2008 11 1.3 633 6.4 =44
wind penetration
3 o . Increase inwind generation | o - 5.4 =

Neubarth . DE fior SHOE I8 200608 3 827 5.45
*for 2005 - **for 20086 - # for 2007 Sources'

been taken for this graph. It can be observed that
there is a wide variation in the effect on the price. One
obvious reason is the differences in the assumptions
but other reasons could be the different countries and
regions analysed. While papers from Sensfuss et al.
and Neubarth use German spot market prices, Munks-
gaard et al. refer to Danish spot prices and Jonsson
et al. use the spot prices of West Denmark only. The
most important variable for the determination of the
effect on prices is the costs of the marginal conven-
tional technology which wind is replacing.

In order better to understand the results from the
different studies, we have summarised the main
assumptions and results in the table below. It indi-
cates which wind generation volume the price effect
refers to and what the related average spot market
price was in the year in question.

'Furthermore, Sensfuss et al. also assume that the
entire demand is traded on the spot market, which
might be a possible reason why the effect on prices is
lower than in Denmark. As explicitly mentioned in this
paper, the extent of the effect largely depends on the
steepness of the merit order curve, which differs from
country to country.

Another aspect which is thoroughly analysed in
Sensfuss et al. is the effect of fuel and carbon price
changes on the MOE. A rise in the carbon prices of
€40 has resulted in a reduction in the MOE of 16%
in Germany. Similarly, gas and hard coal prices have
the highest impact on the MOE. In Bach's paper, the
key factor in causing extreme price fluctuations was
considered to be the availability of interconnector
capacities rather than wind power penetration. In
most cases, wind displaces the technologies at the
top of the merit order, which are the most expensive,
but the paper of Nicolsi et al discusses whether wind
can constitute a small amount of capacity credit in
Germany. That is, whether wind could displace a tiny
portion of the base load in the long run. In Belgium,
it displaces CCGT capacity running at 50% efficiency
level. The papers also mention occurrences of zero
spot prices. The conclusion is that with increased
capacity addition, there will be more instances of
zero prices in the spot market. However, according
to Bach and Weigt, as wind-producing regions are
integrated into the European power market through
new grid interconnectors, there will be minimal zero
spot prices*t.

3 Spot prices derive from Nordpool (http://www.nordpoolspot.com/reports/ areaprice/ Post.aspx) and the European Commission’s
Statisticat Yearbook 2010; wind generation volumes derive from the Danish Energy Ageney (2009), the German Environmental

Ministry {2008) and the European Commission (2008}.

** The occurrence of zero spot prices implies non intersection of the supply and demand due to over supply. Bach assumed such
@xreme spot prices as indicator of a poorly served-market; however, Weigt does not provide any opinien.
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Literature review

Il. Direct and indirect benefits of renewable energy support (RES)
schemes such as feed-in tariffs for end users

Literature

2.

1 Bode, Sven. (2008). impact of Renewable Energy
Support Schemes on Power Prices. Hamburger
Weltwirtschaftsinstitute. HWW! Research Paper
4-7.

Abstract

This paper analyses the effect of RES support
schemes on the net price of power paid by the
consumer. It was shown that the net effect of RES
support schemes on the price paid by the con-
sumer is largely dependent on the slope of the
supply curve.

Resuits

Taking only the power costs to be the main cost
elements, in most of the cases the net effect is
positive, which means that powér costs for the
consumers increase due to the implementation of
RE support schemes. However, with steeper sup-
ply curves the net effect may become negative,
which implies that the power costs paid by the
consumers decrease. The sensitivities carried out
in the paper are all price changes measured with
changes in RE production with varying slope of the
supply curve. With a slope of 0.0001, wholesale
price decreased by 1 €/MWh (€20.96 to 19.96
or, 4.76%) with an increase in RE production from
zero to 10,000 MWh. With a slope of 0.001,
the price decreases by 9.8 €/MWh (€73.53 to
£€63.73 or 9.8%).

2.2 Miera, Gonzalo Saenz, Del Rio Gonzales, Paﬁio,

Vizciano, Ignacio. (2008). Analysing the impact
of Renewable Energy Support Schemes on Power
Prices: The Case of Wind Energy in Spain. Energy
Policy 36 (2008) 3345- 3359.

Abstract

This paper presents an analysis of the direct
effect of wind power on wholesale prices in Spain.
The key assumption is that there is a perfectly
competitive electricity system, which is in equi-
librium. The power system is exclusively based
on thermal technologies — which is indeed the
case in the Spanish system. The main hypothesis
tested in this paper is that wind energy pushes
down the wholesale electricity market for two
reasons. Firstly, displacing marginal techno-
logy with higher marginal costs, such as gas and
secondly, wind energy leads to lower electricity
demand from conventional capacities, leading
to reduced demand for CO, credit to meet com-
pliance requirements. The paper tried to test the
above hypothesis with the help of past data on

wholesale prices and wind penetration levels.

Results

The paper concludes that wind power has a
direct effect on wholesale prices, whereas RES
support schemes result in lower wholesale power
prices. Therefore there is a net reduction in the
retail electricity price. However this is a short-
term effect and a new higher equilibrium price is
reached in the medium and long term. The ease
with which the new equii?bfium“ between supply

¥ According to the paper, in equilibrium, the market price only depends on the relationship between the costs of the different conven-
tional (thermal-based) technologies, which is unaffected by the penetration of wind electricity.
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and demand is reached will determine the extent

to which wind generation is able to reduce the

market price. The indirect effect is a reduction in
demand for CO, allowances, which are necessary
to comply with the EU ETS targets and that those
allowances cost less (since there a lower demand
for themj.

Conclusions

The two papers above mainly analyse the costs and
benefits of RES support schemes from the point of
view of the end user. According to them, the net
effect of RES support schemes can cause the
consumer to pay lower tariffs. This is mainly due to
two things: firstly, the replacement of high cost con-
ventional fuel generation by RE generation and the
subsequent fuel cost reduction, and secondly, less
expenditure on compliance with the EU-ETS targets.
Bode's paper, however, mentions that the actual effect
is largely dependent on the slope of the supply curve.
With a steeper supply curve, the net effect might be
negative — that is, the end users' tariff may decrease
due to RES support schemes.




Literature

3.1 Goransson, Lisa and Johnsson, Filip. (2008}

Dispatch Modeiling of a Reglonal Power Genera-
tion System: Integrating Wind Power. Renewable
Energy 34 (20089) 1040-1045.

Abstract

The paper studies the effect of the large-scale
integration of variable wind power into a power
generation system, that is a system which includes
large thermal plants normally used for base load
operation. It demonstrates how the introduction
of wind power production changes the dispatch or-
der of the large thermal power plants in the West
Denmark system so that the plant with the lowest
running costs no longer has the highest capac-
ity factor. The different power plant technologies
used in most power generation systems exhibit
large differences in production characteristics with
respect to average load hours, generation costs,
part load performance and controllability. In terms
of these properties there is obviously a great dif-
ference between wind power plants and thermal
power plants. While thermal power plants use an
energy source which can be stored (fuel), wind
power plants rely on the fluctuating wind speed
for their electricity production. A thermal unit can
reach rated power on demand whereas this is ob-
viously not possible for a wind power plant. Thus,
" despite the high availability of the wind turbines
(98%), the capacity factor (sometimes referred to
as the load factor) rarely reaches beyond 30% for
onshore wind power and 40% for offshore wind
power. Therefore, one installed megawatt of wind
power cannot replace 1 MW of thermal power. So,

I1f. Wind power and the power system infrastructure

as low-cost wind power is introduced into a power
system the capacity factor of the other units in
the system will decrease. The extent of the drop
depends on the ability of the unit to adjust its
production pattern to the wind power production,
relative to the ability of other units in the system
to adjust their production and, to some extent, to
export capacities to some region outside that of
the system in dispatch. It is shown that this ef-
fect is only detected if start-up performance and
minimum load level limitations are included in the
optimisation.

Methodology

The paper uses Mixed Integer Programming
(MIP)*¢ to assess the impact of the variability of
wind power on thermal power plants in the re-
gional electricity grid system in West Denmark.
The model evaluates which dispatch alternative
is favourable from a systems perspective — that
is, satisfying demand while minimising system
costs. The optimisation considers -the start-up
and turn-down costs' as well as minimum load
level for a large thermal plant. The running cost
of the decentralised power units are broken down
into three components - 0&M, fuel and CO, costs,
which have been taken as 20 €/tonne. Power de-
mand is inelastic and there is transmission ca-
pacity constraint. 3,500 MW of wind capacity can
be added to the system without any reinforcement
of the electricity grid. For the sensitivity analysis,
three wind power situations were considered:

- No wind

- Wind capacity of 2,375 MW (2005 levels) which

18 [ingar programming (LP) Is a mathematical method for determining a way to achieve the best outcome {such as maximum profit or

lowest cost) in a given mathematical model for a list of requirements represented as linear equations. If the unknown vanables are all
required to be integers, then the problem is called an integer programming (IP) or integer linear programming (ILP) problem. If only some
of the unknown variables are required to be integers, then the probiem is cailed a mixed integer programming (MIP) problem.

T Starting up a power plant causes costs aven before the actual production of eiectricity starts. For example, the power plant's boiler

has to be pre-heatad and the plant has to be synchronised with the grid. These costs can be significant. Similarly, there are costs
incurred for shutting down a power plant as well due to damage caused to the equipment.
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corresponded to 24% of the yearly load
- 50% increase in the existing capacity from 2005,
that is, 3,561 MW and 34% penetration

Results

The paper concludes that start up costs and a
minimum load limit currently play a significant role
in the dispatch of power. With increased power
production and high-cost gas power plants in use,
the difference in costs will increase and the dif-
ference in emissions will decrease in no wind and
current wind situations. The costs and emissions
at the current wind level (2005) will be 4% and 5%
lower. In winter time, simulated power production
in the centralised units is mainly due to heat de-
mand, therefore wind power penetration has less
of an impact on carbon emissions. This trend is
reversed during the summer months. The paper
concludes that an increase in the amount of wind
power reduces the periods of constant production
and the length of these periods. The capacity fac-
tor of units with low start-up and turn-down per-
formances and high minimum load level will de-
crease more than the capacity factor of units with
high start-up and turn-down performance and/or
low minimum load level.

3.2 European Wind Energy Association. (2009). Trade-

Wind: integrating Wind - Developing Europe’s
power market for the large-scale integration of
wind power.

Abstract

The long-term objective of TradeWind is to facili-
tate the dismantling of barriers to the large-scale
integration of wind into European power systems
on transnational and European levels. It aims to
formulate recommendations for policy develop-
ment, market rules and interconnector allocation
methods in order to remove unjustifiable barriers
to wind power integration. The area studied is the
EU-27, and includes the transmission networks in

the synchronous zones of UCTE, Nordel, GB and
Ireland. The TradeWind analysis uses the simu-
lation of cross-border power flows in European
transmission systems with future wind power
capacity scenarios, representations of present
and future network configurations and simulation
of market behaviour with different market rules. In
this way, it can examine and guantify the effect of
increasing wind power penetration on power flows
in European grids.

Results

With the help of the WILMAR and PROSYM tools*®,
the study evaluates system costs because the
energy economic context sets the basis from
which any further improvement of market rules
leads to a reduction of operational costs of power
generation. The macroeconomic cost savings of
wind power replacing conventional sources are
calculated at 42 €/MWh. This macro-economic
cost saving represents the reduction in operation-
al costs of power generation by adding more wind
and also by adding more transmission. These are
the estimated effect on the marginal costs of a
fuel mix with less conventional power generation
and more wind. These costs do not take account
of the capital costs in power plants, wind plants
and also not of the cost of the support schemes
for renewables.

But along with this cost reduction, the study ex-
plains that wind power also contributes to a sig-
nificant reduction of wholesale power prices in
the different countries. The reduction in the av-
erage power price due to wind depends strongly
on the country. Based on the wind power capac-
ity installed in 2008, the study anticipates how
much could be installed by 2020 and looks at the
price reduction due to wind power in each country,
which does not exceed 16 €/MWh,

In general, the TradeWind study focused on the
benefits of improved interconnection assuming

B WILMAR fool, see www. WILMAR.risoe.dk; PROSYM (Proprietary Hourly Power System Evaluation Model}
see www.ewea.org/fileadmin/ ewea_documents/documents,/publications/ reporis/TradeWind_Report_01.pdf, page 38.
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that with greater transmission capacity it is easier
to dispatch the economically optimised genera-
tion mix.

3.3 Deutsche Energie Agentur (DENA). (2005). inte-

gration into the national grid of onshore and off-
shore wind energy generated In Germany by the
year 2020, Grid Study §

Abstract

The study focuses on technical and organisa-
tional solutions which make 30% electricity from
renewables possible in the period 2015 to 2020.
It bases itself on the assumption that the grid
enhancement and extension measures required
for the integration of 20% renewables will have

been implemented by then. First of all, the study
drafts scenarios for the increased use of renew-
able energy sources. The primary element of the
scenarios is a geographically differentiated sce-
nario for wind power development onshore and
offshore, with the assignment of wind power feed-
in to particular network nodes. Based upon these
scenarios, the effects of wind power feed-in on
the transmission network and on generation mix
are investigated. Weak points in the power sys-
tem are identified and solutions developed. The
following aspects are being examined in the sec-
ond part of the study which will be published in
2010:

- Forecasting the quality of wind energy fed into

the grid and future electricity consumption




- Flexible electricity supply mechanisms

- Demand-side managerhent

- Wind turbines providing balancing and reserve
power

- The use of storage technologies

- Comparing suitable means of transporting wind-
powered electricity to load centres inland

- Reliability of the electricity supply, even under
difficult conditions

+ The current capacity of overhead lines de-
pending on the ambient temperature and wind
speeds (temperature monitoring), and the use
of high temperature conductors.

Conclusions

The three studies above mainly focus on grid infra-
structure, that is, on transmission capacities and
dispatch mechanisms which are affected by wind
power or which affect the transmission of wind power.
There is not much discussion in these studies of the
effect on prices or the MOE effect of wind power, but
they throw light on the technical aspects of wind inte-
gration into the system.
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The Mesit Order Effect:

Smuiateans with and without RE seneralion - FowerACE

Assupess RE capacity supported by feed-in

11 2006, Germany 8 £98 4.4+ 14,7 fearyeg RE lead in
A delated analyss of the Hodel, tandf exists in both simulations but dees rat seleted perinds of the year).
price effect of resewatie produce in ane of the scanarius b cplae
energy geeration on spol thie WOE.
marks! prices in Gemmany -

Frank Sensfuss

12 § Day-Ahead Becincty Frices Jan 2004 to Oct Assessment of effects of wind power forecisbs o gpat § 1 Mamemes el wind capacity exist bt does Prize eifect of 25-30 for perinds Kol catated. Nod mentioned. aried penstralion batween
in Desmark: The Impact of 2007, Wesiem pices - Non-aramelic regressinn modal. ol podaceie., wind does vot blow visais £ of low vind penelration forecasts - 80% of the tatal power
Vi P Forpcasts - Denmark (K1) wind blows o capture MOE; 7) Ratio betwesy £ (40%) and 33-35 dusing peciods demand.
Tryggt Jansson price e the forecasts for wind generation and foad fas £ of igh wind penetratian forecasls

the strangest assnciation with the spol prices. § (BD%). ;
£33 Eflect ol Wi Puwes on Spot £ 2008, Demmark Thers i 52 moded run in 1 paper The approzch Volatiity of 2 spet marked prices is wsed &
Prezes - Paul Enk Bach 5 samplstic with analyss of dala from statistizal an indicator of 1he quality of resuurce alloca-
grapis anly. tion and interocanectos capaciy avalabily.

14 The Impact of increasing 2008, Germany The paper analyses the sharl-tem and Jong-lerm Demand is perfecty inelastic |.¢.. the demand
Share of RES-E an e effects of wird power on the spal prics. cane s vertizal.

Corventzenal Pawer Marke! -
Marcs Nocisi ¢l al. 2003

15 § Murksgaerd, Jand P E 2006, Tenmark fmpact on spof marke! peice on hourly basis bhas Dificalt to defect s the price impact znaksls § 2004: 1.0; 2005 4, 2008: 2.5 Not caicaiated. However, total
Morthorst 2008: Wind power been analyzed with and wihaut actua! wind power was made in @stirgaard ot al 2008, P Dianish consumptian figures are
in the Danish ersized capacity fchated T th power system (Poad Erik: Wiat incieded. In 2004: 35.3TWh;

PWer mariEl - Peicy kand of model fas beem used in he Sstergsand el al in 2005: 35.5TWh; in 2006:
measuses, price impact and 2006 shufy?) 36.1TWh,

imvesins Ewenlves, Energy

Policy 2008

16 : Theardual sffect of wind 2005 - Westem This paper U5es & simuzlion mode! Io determive the  § 1) The gate diosure time has beer considered & 1) Cost efiect - fued eost The yearly volume effect was ot In {his paper the wind power
power on vesall elechriclty Denmark effects of wind power e oot of lectricity geserafion. | a5 an mporiand determinant of the acturacy & eductioes of 56 K€ per M of eslimated. penelrafiin fevel is considered
generation costs and £, and C0, amssions. The lodel ssed is mited 2leger of wind power prediction. This paper asswmed 3 installed wind capacity which 1 fo 1550 MW, Resulls of
emssom - Erik. I Delarve finear programming (MILP) ard has b characteristic. = 24 hr ahead gate closrs ime. 2) Toe emorin. & tramstated inte 23.3 €/ MW many smlabans e come gat
#al. of an advance ur commitment {UC) model, In the wirst power prediction hes been modeled and © 7} 0, emesion reduction - 1.26 Infeasiale ntherwse.

first st & regular LT <Gay-shead oplimiztion & It w5 assamed b be 2 hey factor. Fleer per M.
exenuled and i the ssoond step a reak-time disalch
Is evacited. !

1,7 | Germany'swind ensrgy:The ¢ 2006-08,Germany | Forsl the eft-peat load seguent s tested for potential | 1) The model is @ static mode with respec! 10 €/Mwh During, the observation period, 2006 - 30TR. 2007 -40 TWH
polenal for fossll cagacly replacement, secure, the mid-Joad plants are esémaled ;Lo the wnderlying parameters; 2) Expert and o tolal saving of 4.1 bllion €15 § and 228w in st half of 2008, -
replacement and oosd ssing and Enally the peak segment is anafyied. Rased onthe  § impart of elecincily has nol been consdered ubseried (1.3 1m 2008, L5
- Hannes Welgl wind ingul data & markel model s been consiruclzd  © in the mode: 3) Small szale generatian by 2T and 1.3 in 2008 first hakf),

1o estimate the differences in production costs and solar, biomass and ofher dstrbuted geners- The sgaificant increase in saving
wiarket prices cased by wind penelration. 1L 5 a9 finn have not bees cansdered. 5 due fo the re-increase in prices
ptmization moel with the cisective functian of of Flik in 2008.

mezling the demand in a least -cost marssy,

18 ¢ Besinfissung der 10042085, Ho special moding tool.The apgraach is to compare £ The analysis is anly done with actual and 19-27 €Mk 1B 600 MW 13%: of totaf German inslafied
Spotmarkipreise durch Wind- | publicationin 2008 statistical data for wend prognosis and spot market Tisinrical data. No forecasting! The sludy capacity.
stramereugang - Neubarth - Garmany Prices, - i compared reported haarly forecasts for

producticn by wind operains reporled b the
150 in the time period 1 Sept 2004 - 31 fag
005 witf fhe comesponding spot prics at
the EEX auctian,
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Heard coal daring finurs of iow demand

1] Lignéte, fuel oil and nesclear had

Nothing mentinned

The slope of he merit-order curve is the most important factor befind the wlusse of the MAE.

The paper examines the impact of all AE technotagies supported

¢ wine oudpe. coal-ficed plants e
replaced. b other cases £.¢, high
wised high dnad ar o el wind,
¢ mastly gas feed plents are replaced.
¢ o the average in this Belgan
case stdy, electricity from wind om
an average s equivaient i replacng

50 efficient 06T plant,

£ with Four nds of laad peole to make

6 simulations in otal.

{he price of coal to bie 5.4 £7Mh aad gas 11,5 £/MWh, 1he oost of elecincity of a 35% efficent
£ ool fired phant becomes 15.4 €M asd for 2 50% efficenl 2as fired plants it beromes

13.€/MWh.Tr in Bue Belgian case study, eleclricty from wind on an average is equivalent in
regkacing @ 30% eficient C0GT plant: 2) Diffesent forecast acouracies of wind power gesesation
e o not heve amy signiBicant impact on genersfion cost and £, reductien.

1 Yarying fuelprices: 2) varyng 00,
ad gas during hours of high demand. § prices; 2) varying RE capapeity; 4) s WOE, Gas and hard coal Bad the by fieed-im tariff schemes. Thus fhe resuts do not capture the
warying scarcty mark -ug, and 5) Fegost MOE; 21 Simufetines were price effect of anly wind power generation an the spet prices.
warying power piar portiofie. als oum with varying carban prices
and it was ehserved that a rige in the
dally zarbon price from 0 4o 40 EIRY
fore eads o 2 reductian of the MOE
by circa 16%.
Varying levels of wind power Nothing mentioned 1) The impact of wind power gensration on the day-ahead spol prices is gaite substantal, In The paper siows the non-finsar relation belwees wind power
penetration. Tienmark, mhers the farged fs 1o have up 1o 50% of the electricity censumation from wind, there ‘peneration and spel prices bt it does nol specifically shdy
Wl be mave nstances of zero spat prices. This wil make investments in fiture capaities fess the MOE and & such does pal diseuss the Iechnoiagies that
aliractve, 7} Since wand power bas nan-linear effects o pices, it implies that the carrer markel | ave displaced by wind. 1l also does nol mentioe the folal wind
sitwatéon cannat be sca'ed directly for analygng future ircumstances. The share of ather RES capacity in the system bt only the peseiraion percentage ma
[snlar & wave) shoutd lsa be monitored and whether they level out the effect of wind power or parlicukar 1322 1 2 day. On the whoe, the effect on spot prices
magnify Irem will pizy an importast me o fulore development of the market siructare. is {he mai ioas and ot the MOE 1.2, the per Wih prce
thange due ta displacement of afher techrologies.
1) Wind pwer does contrbiste to e reduction in peices bul interennnerter capacifies play avery | 1) The paper costd nol give 3 definitive apinion om whether
sigsilicant role in bringing the price 1o 2er0 at times. For example, Ere Swedish congestion polfcy  § wind power contrbated to higher or bmeer average spot prices.
5 the reasn for urstable prices in Fast Benmark Therstore the cost of casacity educkons shoad § This is due io severa dependencies sxch a6 demand level,
be sludfed while considering lasge scale Integrafion of wind power. avaitable interconnecir capacilies, congestion podcies, bidding
pulicies and unemntrellable eneration; 2) There & Ao ansfysis
0f MO or amy euandification of the M0F or any other price
efiecd in this stidy.
The technolugy repiaed has not The paper assumed {hat the 1) The comelation betwesn load and spal prices is much higher than The comiation betwesn This paper stresses that it is nok wrd, bul the residaal lnad
boen mentinned i the paner, huk it 2020 target will be met. Bat this ¢ wind infeed and spot prices. 2} While the short term effect of wind i lewesing prices, in the fong factual toad mines the wind infeed) that affects the spat
arges thal in Bre long tem some s not have any impacten the e there i5 an effect on lhe conventinnal capacity as well Wind can constitle & small amound | proes. ¥ the volatie wind power infeed leads 10 an increasingly
Sase Yoad plants {which are coal, conclusions since 165 assumg- ¢ of capacily cradil a5 & resudt of which seme base load capacities will be displaced, However, this Facauating inetzstic demad curve, the pawer price becomes
fignite & nuctear in Geemary) wil fioe ks ot usd i any stafistical | porcetage i very smat Therefore, the resall of the RES-E infeed with a relatively low capacily inereasngy volatie. The difference from other papers is that, it
be replacad, analysis 0 mosely oot is an increase i peak Joad canarily and decreas in base lnad capacity. 3) The slope ol the ¢ claims thal in the loag run wind power will displace base load
merit-ceder curve will also change in fhe Jong nin duz 1o ths. 4} In 2008, the total load desiation ¢ phants as it wil constitute o {smal) propestion of the capacity
wes 41,451 W whi the difference between the maximusn and minimum wind power infeed was | credit in Germany. Therefore the MOE is al the base foad,
paly 18,311 8, L is Uhe Machuation i the residuesl demand ihat i preter than the deviation in
tutal demand This effect {5 expected to inoease with 38 G mstallation of wind power capacity
Iy 2020 L.2,, the minimem residaal demand {low (o & high wind) will decrease with increasing ¢
wind capacity. i
Hard coal during baurs of low demard § The impact om the spot markst price  § From approx. 600 KK/ MW in Nothing mentined Wain conclusion of the paper is thal the redesipn of Danish wind pover tarifts in 2000 does not With repard ta pact of wind-power production on spot marke!
and as during hours of Figh demand, | of electricty fom varyig levels sitatinns with n wind, spol prices on by st make evitemce for the achual Danish recessicn In new wind-power islallations afterthe | grices of electrislty the study by Munksgaard and Morthorst is
of wend power praducien in MW s fieazty basis are reduced o @ range of elechiclty reform, The main casses ool includs 2 combénation of pmbiems in spati! planeing, referring to 2 study by Bsteraard et al 2008, Comsequently,
anatyzed on hourly basis forWestem  © app. 250 DEKSME when wind power High rick aversion of new wind furbine imvesters and perhaps more fvoreble szpport schemesin £ ot much information is suppled e the appraach for analyst.
Denmark, production exczeds 1,500 MW, oiher counlries, On the meril ander issue, the paner canchedes, thal consumer slectricify prices The reasan is at mairs focus in the paper is on the redesign
would bave heen 0,5 0.4 eE/KN higher in the period 2004-06 if wind power production fad of wend power policy measares follwing the Darish eleclricity
been absent, refore in 2004 and the imnacts on incentives o invest in mew
it power capacity,
£ Inthe case of fow load level and high £ Four Vinds of wind profle e matched = Kl menboned explicily ¢ 1] hyerage savings in generalicn costs due 1o wind was estimated at 23.3 £/ . ssaming This paper analyses the efiect of wind power on cost of

eneralion ard ot sholesale or spal prices. |t modes the
{temitsent nature of wind power. The results of the paper am
reievant for countries with a diverse st of lechnologies sach
5 Belgiam, |1 doss caplure the effect on the mert ceder in the
foem of discussion on {echmologies replaced; howeyer, e edfect
1135 net been quasiified,

1) Wing generation has a decreasing imsact on bolh the prices and gereration cosks. On the
avernze the prics eation af 10 €/MWh with an increzsing trend from 2006 1o 2008.7) The
price effect is most prominent during peak boars than off pesk hours since wind is added Lo the
laft of the mesit-order oerve where it s 2imost harizontal, 3) Saving from redued marked prices
is Toghly the same range as the additional expenses due to feed- in barfts. Hewever, when the
pessible savings from redaction ' emission allowance prices indicated that the cverat! impazt on
the pece is posiive. ) Besides the pure market effect there is also an indirect efect I terms of
saning of fsef eests 5) he comventiona! capacity replacement potential & nal proven althougs
there was reduction of 4 GW capacily aheerved duing the perind but that could aot be atiributed
1o wind power. However,  a larger area is integrated ach as Denmark, the Benelux and Pofand
then i will increzse the potestial of wind generatien to replace instafled convertional capasity.

This paner focuses on the reserye capacity and wind impact
upan hedh generation costs and market prices. The potential
of wird energy to replace inskaBed conventicnal generation
capaities % stosed which shows thal the evisting date
tioes mot provide evidence Tor 3 sigrficant capacity credit
of wind energy.

i The only sensitivity is done by

cazufafing & deferent "hverage
e B average imsiead
f taily averages inficate fims

; showng 8 NOE of 1.7 €/
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Wind pragnoss & uscertain ad its average forecasting emor lies at 5%. Because of this, the TS0
Fias an additional cost 1o balance differences of prognosis and chegatins ko B - raders. These
c0sts are comesated with the wind gereration voluss fiut can hardly be Torecasted. Roweser, it
shouid be abowed for the TS0 to carry foeward these salra costs Lo the 2id fee.

This stidy 5 nal 100% focused on the MOE. bstead, it
fecuses on the role of the TS0 and how it deaks wilh ancertain
wind generation: and s related exta costs: Hence, the MOE
cadcudation Is anly & by-peodct of the analyses and does niol
tekale ta any frlare forecast,




1§ Impact of Renewable Erergy ¢ Gemany Price changes measured with changes in RE productica 1) Competitive market: 2} Lvear aggregatod  © 1) The price effect 5 dependent

Sapport Schemes on Power wills varyiag siape of the supply curve. T supgiy & demand cusve, o e siope of {he supply canve,
Prices - Sven Bode Wilk: 2 stope of 00001, whaiesale

price decreased by €1 (2096 to
19.96€; 4.76%) with an increase
in RE productz e e
10,000 Wi, 2) With siape 0,001
price decreases by 9.8€ [T3.53€
10 63.73E - 5.8%).

22 | Ansiysing the Impact of 2007, Spain Anlysis o the direct effect of wind powieror wholssale § Wind energy pusies down the wholesale dec- £ 112008 the installed capacity was: | 10% ofthe slecticty demandin
Renewable Enerpiy Support prices has bieen based on the assomption of & perfecty ¢ ricity market for two reasons: 1) displasing 11,728 W and fntal generalion. £ Spain in 2007,
Schemes on Poweer Prives: The ¢ compelitive slecircity system, which s i equilitrium ¢ marginal techealagy having higher MCand 2] 22,941 G,

Case of Wind Energy in Spain i acconting f e conditians of e electicy v eergy leads to kower dexiricity demand,
- Gonraln Sdenz Mieea * marke! in Spai, s exclasvely based on thermal Jeading to reduced demand for OO, wredit o
technnlogies. meet the complance regquirements.

3.1 & Dispatch modeling of @ Weslem Denmark 1]The pape uses Fie Mied Integer Prigramsing 1) The raning cost of the decentralised power
gl power generaion (MIF) to assess te impact of intermitiency of wind mits are broken down inin thee components
sysenm - Integrating wind pomer on lhemal pomer planls in the regional eleclric- £ - DBM, fuel and C0, costs. The C0, oast
power - Lisa Goramssan ity grid system, ) The model evaluates which dispatch s boes assumed at 20 £/'%ang; 2] pover

t dtemative & faverakle from 2 syslems persmertive  demant & inelaslic; 3} There s in treesmission
2., satisfying demand while esemising the syslem capecity comstrzent and 3,500 MW of wid
costs. Too optimisation consders the slarl up amd lum  ; capacily can be addad o the system wellioal
Samn costs was well as minimur soad kevel fora large ¢ ey reinforoement of the slecticily gnd.
thermal plant,

32 ¢ TradeWind - ntegrating Wind ¢ EU27 The fong-term abjective of TratiWend is to Facilitate the dismantling of barrers to e harge-stale integration of vird into Furapean power syslems
in Eizmpe - PAEA o transnationil and European levess. 1t aims to fermuiale recommendations for poficy development, market rules &nd intervannector sbocatinn

mefhods in onder to remive unjustiabie bariers fo wind power infepration, Fhe scoped are is the EU-IT, and includes the transmission netwarks
T e syncheonces moes of ICTE, Meled G and trekind e TrareWind analysis uses the simutation cf cross bovtler pewer flows in Eupean
ransision syStems using A wine power capaciy Scenaris, epeeselations ofpresent and future network ennfigaralions and sesdation
of maripd befavior wilh difieren markel rules, I s way, 1 cam examing and quanify the efect of increaséag wind power penelrafion on power
fiows in Exropean grids.

33 5 DENA Grd Study | Germany, 2005 The study focuses o fechizal and organisalions! solubions which make @ 30 per cent candribulion by renswable sources o the deciicity
generated possible in e period 2015 1o 2020. 1t builds upos the conclusions that the gnd enharcement and extersion measzes requined fer the
ilegration of 20% renswabies have been implemented. First of 2, the stady drafled scenarios fur te increased use of meewable energy sources.
The primary aspec here was @ geagraphically differentiated seznario for wind-power dewéspment orshore and effshore, with e assigessnt of
wand-power feed-in to particular netwark nodes, Based upan these scenarias, the efects of wand powsr leed-ii o Ehe transmission netwark ard on
fhie pawer staiion park were inestigated. Weak points in the pawer system feve besn identified and soligions desslaped.

13§ Onthemarket impact of wind | an 2006-0ct 2007,  This paper presents s anafysis of howthe spotprices  § Considers wind power as & price -maker 12 €/MWh dunng low wind 2,400 MW of inslaled
enery frecasts - Ty Westem Denmark #l Westerm Denmark are-affected by wind power instead of & price faker, prediction and 20-25 €740 capacity wilh acdual penetrafion
Jinsson forecasts The analysis puts smgiiasts an the effects diing high wind predicion. of 1,500 W,

of such forecass o the meae bebaiour of prices. o
1 ity variatians of these effects and impact

an the distrilisal characteristcs of 1he day-shead
marieLA ran-parametic regression mede has been
e for the analysis. Far estimation, 2 least sguares
erifericn fs employed aowing for the mean effect of

i | forecasted wand power penetration on ke pricss

¢ 10 be exirarted.
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1} Even thotesh support schemas are financed hy consumers, in the dang nam power costs of
eonsumers may decrease due bo them. However, B ne! effect very much depends on the siope
of the upply curve. bn mest of the cases e, different stapes) the net effect has been positive,
wehich ieams thal power costs for {he consimers ineraace dae to fhe implementation of the of RE
suppart Sehemes. 7) Wilk steeper supply curves the new effect may become reative,

Fiiyry's comments

This paper sranides seme analyss on Ehe efizct of the RES ssp-
port schemes oe the net prics of nower paid by the consumer.
While it was shown that the net effect of RES sepport scheses
on the price gad by the consumer is largely denendend on the
slope of the supsfy carve, considering only the power tosls

& the main cost elements, e el effect s mestly positive,
eowee, the 2uthor does not provida any definitfe conclusion
about e mel effect of the RES schemes and mestions thatit is
Larpely denendent on the undzriying assumptions. Themtore, e
naclusion 5 eéle amhigoss.

Gas and coal

1) Theme wirs powes sitmationg

have e considerad - no-wind,
cuet wind at 2065 of 2375 MW
which camessonded 10 24% of the
yearly Inad and 50% increase i

the existing caparity rom 2005 i.e.,

3561 corespanding bo 340 of
the yearly lcad.

1§ Start ug costs and minimuse

1) Birect effeet of wind power on whatesale prices - RES support schemes resalts in lower
whoiesale power prces. Thereéare there is & net reduction in the refail secicity prce- however
s 5 & sheet lerm effect and a rew Bgher equilbeum pree s reached in the medivm and long
tem. 2] The sase with which the sew equilibriam & reached wil determing the extent do which
‘it generatian Is able fa redace e markel price. 3] Indirec| effect; a reduction in the demand
foe 00, alowances. which are necessary 1 compy wilh th B - ET5 targets and  ower price for
thizse allowasces (giuen & fwer dessand for them)

: The mesin focs of the paper was anafyang (e casts and

benefits of RES sappori scivses fram the poenl of view of e
enmsumers' prices. The averall conclusion was thal es suppart
schemes which hiave ventually led to increased RES pmeration
o resls in fewer sheSssale prices and they also save the
compiiance casts of the uiilies which then regaire Jed 00,
s, The paper does ol preside: any quantifcation of ke
price effects of RES and also does nl provide any analysis of
e MOE explicity. 1t does mention: the technobogies dsplaced,
indirecily implying a MOE of the RES,

I fimit pley & signifeast role in
the ackual dispatch of power. With
increased power production and
high-cost gas power plants in usage,
the differznce in costs wil inerease
and the ditference in emssioms wil
deerezse inno wind and cumeat wind
ssations. 2} The ousts and exssgon
at the cuvent wind fevel (2005} wil
be 0% and 5% fower, 3) Winter e,
simulated sower produstion in the
centrafired urits are mainly due do
heat demard, therefore there is less
redution & O due de wind peer
penstration. This rend is reversed in
summer fime.

The simulations shew that an increase in amout of wind power raunes the parieds of constant
srndisstian and the duration of these perinds. The canacty facter of units wih low slerl-up and
tum desen performances el high msnimam load lovel will decrease more than the capacity factar
o undas with high start and tum down performance and/er kow mirmum foad leve!,

The main focus of the paper s the physical propertizs of the
pawer system rather than marked impfrations, it & mare
appeeasiate far long term system planning than shorl tems
feluem: caiculations. This commercial gain or loss of te ovetall
MOE bas o been caphured.

The study is not relevant b be inciaded in s Steratee

sirvey since it does nat investigate the ment order effect of
increased wind pawer. B oost refevent analyszs refers 1o custs
for mlrastructe devetooment of the grid and destag wilh
thaflenges i regard fe halapcing,

1) Dhwring the day the average spot

price 15 armund 55-50 £7HWh. Wilk
wind penetratian of 2%, the av.
peice deckines and thess s a shary
decline when the penstrafion reachss
A% and when the penetration
reaches E0% the spod prices decie
1o armnd 22-25 £/, 7 Over 1%
of imes wher (b penetralion level is
A% the spol price is 2.
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1) Deaning the reght, the average price varies from amand 30-€/M for ferecasled faow wind
pemer production dewn fo around 18 €/ MWk far hours with forecasted large wind power
prodeictinn. 7) During the day the differente betwesn the tin exdremses i forecasted quantities of
wind power produced i larger as the prices g down from 5055 €/6Wn Lo 30 £76Wh 3) therels
& MOE during the day ime, replacamsnt of the costly base load plants and shifiing them Lo cover
pealk hiads, 4 On the averags, prices drop By 17.5% when the drecasted wind pewer pesetration
excongs fy 4%. 5) Effect on distrbation of spol prices - Geang from  iow wind pawer penedration
1o high, pererally leads |c a fower skewnss due to deminishing fregaeny of very high prices along
with fie increased probability of very fow prices.

This paper ance again analyses the effect of wind power
prediction on spot pnzes in Westem Desssark, The conchsions
are similar to that of ether papers that are = the area of

spat price analyss . The additonal iroemation ie e paper
besidls fhe mpact analysis an spot prcss, & {he analysis if
the distribationl characteristic of Ee spot prices. The paper
shows o possibiity of the same resaits in otber price areas
& well such 25 G ermasy and the Hotherands. |t also dspusses
the MDE but does not quandify the extent of ost savings

dae to the MOE
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EWEA

THE EUROPEAN WIND ENERGY. ASSOCIATION
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www.ewea.org . W

ihe voice of the wind industry, actively promoting the utilisation of wind power in
nd worldwide. It now has over 650 members from almost 60 countries including
90% share of the world wind power market, plus component suppliers,

2oles associations, gevelopers, electricity
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