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Abstract

The purpose of this article is to discuss the prospects for a large scale introduction of
wind power in the Nordic countries especially with respect to the consequences for small
independent power producers of the ongoing and planned deregulation of the electricity
sector. The recoverable wind resources are great and integration costs are small due to
the good load-following capability of the existing Swedish and Norwegian hydroelectric
capacity. The structure of the present electricity system and the current principles for
electricity trade are reviewed. To what extent wind power will be the technology of
choice for capacity replacement and expansion depends on how intermittent power will
be valued on the future electricity market. In a deregulated market, wind power may be
priced below its value unless appropriate pricing mechanisms are developed. Market
reforms should therefore include consideration of the large contribution that wind energy
must make in a future electricity system which, in addition to being economically
efficient, is compatible with broader societal goals.

Introduction

Understanding the future potential contribution of intermittent sources of electricity is
of strategic importance to the planning of a transition away from fossil fuels. The major
global candidates for intermittent power production are wind, photovoltaics and solar-
thermal power. Wind power is presently the least expensive option and already cost-
competitive with conventional fuel-based generating technologies in areas with good
wind resources close to load centers. In the Nordic countries,1 wind energy is the major
potential source of intermittent power in the coming decades due to the solar and wind
conditions.2

The present Nordic electricity system is based on many decades of technological

The Nordic countries include Denmark, Finland, Iceland, Norway and Sweden. The Icelandic
electricity system is not physically connected to the Nordic electricity grid, or any other grid, and is
therefore not discussed in this article.

More wind energy is available from October through March than the rest of the year. Solar
insolation is high in the summer when electricity demand is low. The wave power potential is not
neglegible but it is at least two to three times more expensive than wind power to exploit.
Klimatrelaterade probkmstillinger og energisektorer*, (Climate related problems and the energy sector),
Report E-2/1990, Norwegian Water Resources and Energy Administration, Oslo, 1990. (in Norwegian)
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development and institution building around fossil fuels and hydroelectric systems, and,
in the last three decades, nuclear power in Sweden and Finland. The existing structures
impose considerable technical, institutional, and economic conditions for wind power to
enter existing markets. Deregulation to break monopolies can help overcome some of
the technical and institutional inertia in the electricity sector. Deregulation of electricity
markets, sometimes including privatization of electric utilities, is a world wide trend. The
overall objective of planned and ongoing reforms is to introduce a higher level of
competition and thereby greater economic efficiency. There are several models for how
the electricity sector may be structured and more competition introduced.3 The term
deregulated market is used here to denominate a market with competition in generation,
wholesale, and retail, and a spot-market for electricity.

The most far-reaching deregulation has been implemented in England and Wales
where generation, transmission and distribution have been vertically separated to
facilitate competition, and most of the generating capacity, excluding nuclear plants, has
been privatized. Electricity customers wrth a demand greater than 1 MW have the right
to buy from other suppliers than the local distributor and by 1998 all customers will have
this right. The market mechanism is a spot-market for electricity and a forward market
with contracts to hedge against the risk in fluctuating spot-prices. The price received by
generators include the system marginal price and a capacity component to compensate
generators for making units available even if they aie not scheduled to run.

Norway has taken the lead in deregulation among the Nordic countries. The first
step towards a deregulated electricity sector was taken in Sweden through the formation
of a separate state owned transmission company, Svenska Kraftnät, in January 1992. In
Finland, a draft bill for electricity sector reform was presented to the parliament in
February 1993. In Denmark, deregulation is opposed both by the electricity industry and
the political community.

It is still uncertain how the electricity sector in the Nordic countries will be
organized in the future, but market reforms are likely to continue. One reason is that
Sweden, Finland, and Norway are applying for membership in the European Community
and want to harmonize with present and anticipated future EC regulation. The major
difference between the deregulation in England and Wales and the ongoing and planned
reforms in the Nordic countries is that privatization is not a priority in the latter, since
ownership is diversified and some generators are already private companies.

Many countries, including the Nordic countries, now have in place mechanisms
intended to stimulate wind energy. These include investment subsidies and tax
measures.4 Generators are paid according to the local distributors' avoided cost, or a

B. Tenenbaum, R. Lock and J. Barker, "Electricity privatization: structural, competitive and
regulatory options," Energy Policy, Vol 20, No 12, December 1992, pp 1134-1160.

EJ. van Zuylen, A J.M. van Wijk and C. Mitchell, "Com par if on of the financing arrangements
and tariff structures for wind energy in European Community countries," European Commission Wind
Energy Conference, Travemunde, 8-10 March, 1993.



percentage of the local tariff. Such mechanisms are necessary to create early markets
and to support the development of new technologies. But, in the longer run, wind power
must compete on the electricity market on equal terms with other generating options.
Relatively little attention has been given to the implications of competition on the large
scale introduction of intermittent sources of electricity. Deregulation efforts should,
however, from the outset take into account the importance of intermittent sources of
electricity. Once a new structure is in place, it may be difficult to institute further
changes that would affect the existing generators economically.

Electricity in the Nordic countries

Nearly all electricity in the Nordic countries, except on Jutland and Fyn in Denmark, is
used and produced within the Nordel grid which is synchronized at SO Hz. The Nordel
grid includes part of Denmark (Zealand), Finland, Norway and Sweden and has DC
links with the rest of Europe. Nuclear and hydropower account for 24 and 60 percent,
respectively, of the non-fossil based electricity production. Cogeneration in the Nordic
pulp and paper industry contributes another 2 to 3 percent. There are, however, large
differences in the generation mix between the different Nordic countries, Fig. 1.

The Danish electricity system is purely thermal with a three percent contribution
from wind power. Electricity production in Norway is based completely on hydro with
very good regulating capacity since in most plants there are no restrictions on water
discharge governed by downstream facilities. Some hydro resources remain unexploited
in Norway. Finland has about 20 percent hydro, most of which are run-of-river systems
with no or little regulating capacity. Finland also has four nuclear reactors accounting
for about 35 percent of total production, but there is strong public opposition to further
expansion. Sweden has about half of the electricity production from hydro and the other
half from 12 nuclear reactors. There is a parliamentary decision to phase out nuclear
power by 2010. Nearly all remaining undeveloped hydro resources in Sweden are
protected by parliamentary decisions. The hydro systems have very good seasonal storage
capacity, but the load-following capability in some rivers is constrained by down-stream
plants and minimum flow considerations.

Each country has dimensioned its system to meet annual energy and peak power
demand. Due to the large hydroelectric capacity, the Nordel system seen as a whole is
energy limited, i.e., dimensioned to meet annual energy demand. It is not capacity
limited, i.e., dimensioned to meet peak power demand, as most thermal-based system.
Some regions, however, are capacity limited due to limited transmission capacity.
Satisfying the condition that electricity shortage should not occur more than one year
in thirty, means that the requirement on loss-of-load probability is always satisfied.
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Figure I. Electricity production in the Nordic countries 1991. Source, Ref 25.

The Nordic wind power potential

An official and widely cited Swedish government report serves as an illustration of how
siting constraints affect wind power potential estimates.5 Here, the potential in the
southern part of Sweden for land-based wind power was estimated on the basis of an
identified gross area of 5,500 km2 with wind power densities exceeding 4 MWh/m2 per
year, or 450 W/m2. The net area was estimated to 1,600 and 750 km2 with minimum
distances to houses of 300 and 500 meters, respectively. The corresponding wind power
potentials were 70 and 35 TWh per year, respectively. More stringent siting restrictions,
that were motivated primarily by aesthetic and military reasons, reduced the potential
to 1.5 to 6.7 TWh per year. Locations where only three turbines, or less, could be sited
were also excluded.

Is 1.5 TWh per year a more realistic estimate of the recoverable wind power
potential than, say, 50 TWh per year? The importance of factors that may initially inhibit
the potential number of wind turbine sites, e.g., houses, sailing, fishing, aesthetics,
wildlife, telecommunications, aii-traffic and military interests, are likely to change over
time. Consideration may in the future be given to moving houses rather than
constraining wind turbine location, as is now the case when building power plants and

S Läge för Vindkraft (Swedish Wind Power Potential), Swedish Government Report, SOU 1988:32,
Allmänna förlaget, Stockholm, 1988. (in Swedish)



transmission lines.
The recoverable wind power potential, including some off-shore sites and

assuming stringent siting constraints, has been estimated to 20, 12, 30 and 10 TWh per
year in Denmark, Norway, Sweden and Finland, respectively.' With relaxed siting
constraints and including vast areas in northern Sweden and Finland, and sites with
lower wind power densities, the potential is several times greater. Therefore, the long
term contribution of wind power in the Nordic countries may well be restricted by the
electricity systems' ability to accommodate intermittent power at reasonable cost and by
electricity market regulations, not by the resource availability.

Integrating wind power

Traditional electric utility systems include centralized thermal power plants, and
hydroelectric plants with varying storage capabilities. The total installed capacity must
be sufficient to meet peak demand, even with unscheduled losses in generating capacity.
Typically the loss-of-load probability should be less than a few hours per year. If
electricity demand should exceed production, system frequency drops from the specified
50 or 60 Hz. Primary frequency control reserves, or momentary disturbance reserves, are
used to restore, within seconds, the frequency to the specified value if production should
deviate from consumption, or a disturbance, e.g., a plant or transmission failure, should
occur. Secondary control is used to restore the primary control reserves so that the
system is ready to meet new disturbances and new load forecast errors within 15
minutes.7 Secondary reserves are also referred to as fast reserves. Base-load, load-
following, and peaking plants are scheduled in order to minimize production costs and
transmission losses while maintaining primary and secondary reserves. The operation
planning is based on available load forecasts and available plants, and the operation plan
is continuously updated.

When modelling utility systems with wind turbines, intermittent and non-
dispatchable power is usually treated as a negative load, i.e., subtracted from the load
curve before other power plants are dispatched. At low levels of penetration, e.g., when
the ratio of installed wind capacity to total system capacity is only a few percent,
essentially no costs are associated with utilizing the wind power generators. The
variations in output from small amounts of intermittent power are drowned in the

*
f

MJ. Grubb and N.I. Meyer, "Wind energy: resources, systems and regional strategies," in T.B.
Johansson, H. Kelly, A.K.N. Reddy and R.H. Williams (eds.) Renewable Energy, Sources of Fuels and
Electricity, Island Press, New York, 1993. The estimate given by Grubb and Meyer for Sweden is based
on Swedish Wind Power Potential, Op cit, Rcf 5.

A. Mårtensson, "Supply quality and renewables: integration in the Swedish grid," Dept. of
Environmental and Energy Systems Studies, Lund University, Lund, 1993. Submitted to Utilities Policy.



variations of power demand.* Enough reserve capacity is already available to cover an
unscheduled loss of the largest power producing unit and for unexpected load changes.
At high penetrations, reserve requirements may increase due to the need to maintain
frequency and voltage stability, and reliability. In the event of an unexpected drop in the
output of a large intermittent source, adequate reserves must be maintained in order to
make up for that loss. The value of the electricity from wind turbines is determined by
the savings in fuel or stored water in thermal and hydroelectric plants and the reduced
capital investment needed in conventional power plants. While there is no absolute limit
to how much wind energy that may be integrated in utility systems, the marginal value
of wind energy decreases as penetration increases.

At installed wind capacities exceeding normal reserve requirements, the need to
hedge against a drop in wind energy output can mean that more thermal power plants
must be part-loaded and operated at a lower efficiency. Thermal plant efficiencies are
typically 15 to 25 percent lower than full-load efficiencies when operated at half load.'
High penetration of wind power can also mean increased use of fast response peaking
plants that have higher operating costs compared to base-load plants, and extra fuel
losses due to an increased number of plant start-ups and hot standby operation. Most
hydroelectric plants can vary power over wide ranges and they are therefore attractive
complements to wind energy. The loss in efficiency due to the operation of hydroelectric
plants away from the optimum operating point is typically only 1 to 2 percent.10

At low penetrations, sufficient wind turbines to provide the same annual energy
as the alternative power plant, would provide roughly the same firm power." The
capacity credit represents this firm power contribution which reduces the need for
investing in conventional power capacity and contributes to system reliability. In an
energy limited system, the value of the capacity credit does not change with high wind
energy penetrations since the loss-of-Ioad probability is always well below limits. In
capacity l-mited systems, the capacity credit decreases at higher wind energy penetrations
and depends on how well wind-speeds correlate with peak demand and how wind-speeds
between different sites correlate. Large penetrations of wind energy also change the
optimum plant mix towards intermediate and peaking-plants with lower capital costs
than base-load plants.

Forecasting load for plant operation scheduling on a daily and hourly basis is associated with
prediction errors. At low wind penetrations, the standard deviation, or prediction error, of forecasted
load increases only marginally if the standard deviation of forecasted wind power is included.

Technical assessment guide I: Electricity Supply - 1986, Electric Power Research Institute,
Palo Alto, 1986.

10
With multiple turbines, as in many hydro-electric plants, there are as many optimum operating

points as there are turbines.

11.1 The availability (i.e., the percentage time they could produce electricity, wind allowing) of wind
turbines is over 95% while the availability of thermal power plants is only 80-90%. See, e.g., D.T. Swift-
Hook, "Economics" in L.L. Freris (ed.), Wind Energr Conversion Systems, Prentice Hall, London, 1990.



Other non-dispatchable sources, e.g., run-of-river hydroelectric systems, may limit
the contribution that wind can make. In addition, some power will be produced in
thermal or hydroelectric plants due to the need for reserves and limits to part-loading
in thermal plants. Electricity from combined heat and power (CHP) production is often
non-dispatchable or has limited dispatchability.12

Integration costs

It is sometimes argued that wind and solar energy can make only marginal contributions
to meet electricity demand in utility systems due to the intermittent nature of their
output. For example, one recent source states that": "Unless a low-cost electricity
storage device is developed, the large scale participation of solar and wind sources will
be limited to a 12 percent maximum of the total network capacity of fuel-based
electrical systems." This approximate estimate is based on what is perceived to be a
maximum feasible installed capacity of photovoltaic solar cells and the global average
available sunlight.14 Such a crude measure is inadequate as an indicator of the potential
contribution of intermittents to total electricity production. Detailed studies show that
much more intermittent power can be integrated without significant economic penalties.
An analysis of a California utility with 21 percent of the electricity coming from hydro
has shown that a mix of wind and solar based power generation in a reoptimized system
could contribute 30 to SO percent of total energy demand at roughly the same average
system cost as that of a system without intermittents.15 European estimates of the
potential contribution of wind energy vary from 10 percent up to 40 percent or more of
total electricity demand in systems with no or little hydroelectric capacity and assuming
no electricity storage.16 Such estimates are usually based on the penetration levels at

12
For example CHP in industries is often integrated with the process. District heating systems

are more flexible and often have some heat storage capacity, or alternatives to the CHP-plant for heat
production, e.g., fuel-fired or electric reserve boilers.

C Starr, M.F. Searl and S. Alpert "Energy sources: a realistic outlook," Science, Vol 256,
May 1992, pp 981-987.

The estimate was based on the assumption that PVs can represent a maximum of 1/3 of the
total electricity generating capacity and that the energy contribution is determined by an average
availability factor of 25% as determined by the daily sunlight cycle: The resulting 12.7% of total kWh
output (50%*25%) is a very optimistic estimate of solar's future contribution." See C. Starr and M.F.
Searl, "Global energy and electricity futures: demand and supply alternatives," Energy Systems and
Policy, Vol 14, 1990, pp 53-83.

H. Kelly and CJ. Weinberg, "Utility strategies for using renewables," in T.B. Johansson, el al,
Op cit. Ref 6.

See, e.g., M J. Grubb, The economic value of wind energy at high power system penetrations:
an analysis of model», sensitivities and assumptions," Wind Engineering, Vol 12, No 1, 1988, pp 1-26.



which operating penalties are becoming large. A British analysis concluded that if wind
sites are available, wind energy could contribute more than 40 percent of electricity
demand in Britain.17

The large hydroelectric capacity in the Nordel grid should allow for large
contributions of wind energy before operating penalties become prohibitive. The
hydroelectric regulating capacity is concentrated to Norway and northern Sweden, while
the wind energy potential is fairly evenly distributed along the coasts of the Nordic
countries. For a large scale introduction, wind power should be regarded as a common
resource in the system with Norwegian and Swedish hydro capacity acting as reserves.
There has been no comprehensive study of the potential contribution of wind energy in
the Nordel grid. A detailed study on the integration costs of wind energy in Sweden was,
however, carried out in the early eighties by a number of Swedish utilities." Since
Sweden with her generation mix may be considered a small version of Nordel, the
results from this study are interesting for the whole of Nordel. To illustrate the costs and
considerations associated with the integration of large amounts of wind energy in hydro-
thermal systems the results of this study are reviewed here. The Swedish study did not
attempt to estimate an optimal contribution of wind energy but was aimed at assessing
the integration costs associated with adding different levels of wind energy contributions.
No attempt was made to optimize the mix of thermal power plants. Wind energy input
was simply varied parametrically on a defined base-system, Table 1. The base-system is
similar to the present system except that nuclear power has been replaced by coal
condensing power. Total electricity demand including T&D losses in the base-system was
taken to be 145 TWh per year, slightly higher than the present. Synthetic hourly wind
data for the study were produced based on measured wind speeds at three different sites
with relatively high correlation, about 0.65, between them. Although the analysis was
constrained by many such input assumptions, the study is interesting since it is based
on conventional utility operation and expansion planning models. These models are also
used in the regular planning process and include considerations, such as, transmission
capacity constraints and grid stability issues.

The study is based on probabilistic futures analysis. High optimal contributions of wind energy
to total demand result from combinations of high capital and fuel costs for thermal units, and low wind
energy costs, even at the margin, in a reoptimized system where spinning reserve requirements and
part-load limits are set lower than in other studies. MJ. Grubb, "The potential for wind energy in
Britain, Energy Policy, Vol 16, No 12, December 1988, pp 594-607. M J. Grubb, The integration and
assessment of intermittent sources in large electricity supply systems, PhD thesis, Cambridge University,
Cambridge, 1986.

Vindenergi i kraftsystemet: slutrapport hösten 1984, (Wind Power in the Electricity System: Final
Report, Autumn 1984), prepared by Vattenfall AB, published by the Swedish National Energy
Administration, Stockholm, 1986. (in Swedish).
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Table 1. Assumed base electricity system and present system in Sweden.

Installed capacity
and production MW

base system
available average
TWh/yr TWh/yr

actual 1992

MW TWh

Hydropowcr
Nuclear power"
CHP-Industry
CHP-District heating
Condensing (oil)
Condensing (coal)
Gas turbines

16,500
0

1,200
4,200
2300
9,900
1,000

53-75
0.0
6.0

16.0
16.0
64.4
2.0

66.0
0.0
6.0

14.1
1.0

57.9
0.0

16,380
10,000

636
2,612
2,626

inct.
1,756

72.7
60.8
3 3
3.5
0.6

in oil
0.1

Total 34,750 157-179 145.0 33,968 141.0

* In 1992 nuclear power produced app. 10 percent less than in the four previous years, since fivj
reactors for safety reasons were closed from September through December.
Sources, Op cit. Ref 18, and Elkraftfönörjningen i Sverige 1992 (Power supply in Sweden 1992),
Kraftsam, Kraftverksföreningen and Vattenfall AB, Stockholm, 1993. (in Swedish)

Normal Swedish reliability criteria were applied.1* The capacity credit for system
reliability is of little interest in the Swedish electricity system which is energy limited and
has no problem meeting peak loads. The loss of load probability was always below limits
although the capacity credit for wind power was set at zero. The integration costs were
calculated for four cases where 5, 10, 20, and 30 TWh of wind energy replaced the
corresponding capacity of coal condensing units. The integration costs, Table 2, were
divided into 6 categories:

Annual regulation costs due to sub-optimal seasonal and annual operation of the
hydro system;

Short-term regulation costs occur due to increased hourly variations in
hydroelectric output which result in lower conversion efficiency within each one-
week planning interval. Included is also somewhat increased transmission losses;

Spinning reserve in thermal plants is needed to some extent;

Wind spill costs occur when wind energy production exceeds demand less
minimum electricity produced in hydroelectric and combined heat and power
plants. The wind spill was compensated for by thermal power production;

Swedish reliability criteria are that forecasted annual energy demand should not exceed
delivered energy more than 1 year in 30, and th; probability that power demand exceeds supply should
not be greater than 0.1 percent, or 8.7 hours per year.



Hook-up grid costs for connecting the wind turbines to local and regional grids;

Transmission costs deriving from the need to strengthen transmission capacities
from northern Sweden to the south.2*

The models are proprietary and several assumptions are hidden in the models. The
results are therefore difficult to evaluate in any detail. However, there are several
reasons why the integration costs should be much lower than shown in Table 2. The
costs in the first four categories are all due to operating penalties. The basis for these
cost estimates is that the energy losses in each category should be compensated by an
equivalent electricity production in coal- and oil-condensing plants. Oil and coal prices
therefore determines the value of the losses. However, the assumed oil and coal prices
(10 and 5 USD/GJ respectively21), based on forecasts in the early 1980s, are 60 to 70
percent higher than the present and now forecasted prices.22 The costs under categories
1 through 4 should be reduced correspondingly. It should be noted that the high fuel
prices increases both the value of wind energy and the costs of compensating the losses
associated with wind energy. Hook-up grid costs are in most other wind energy studies
not treated as an integration cost but as part of the wind energy capital costs. The need
to increase transmission capacities when large amounts of wind energy is introduced
leads to higher costs, but these are difficult to allocate solely to wind power.

A simple thought experiment illustrates the effect of changed assumptions on the
integration costs. Categories 1 through 4 are 65 percent less expensive due to lower fuel
prices, the hook-up costs should not be regarded as integration costs, and only half of
the increased transmission costs are allocated to wind power. The resulting integration
costs are less than a third compared to the original values, Table 2. Other reasons why
the integration costs should be lower than arrived at in the study include, e.g., better
wind forecasts, load management with interruptible electric boilers, a reoptimized
thermal plant mix, and power exchanges with neighboring countries.

Even with their questionable assumptions, the Swedish utilities' integration study
showed that the integration costs are small with a 20 percent energy contribution from
wind. The arrangements for energy, capacity, and reserves trading between utilities and
countries, and how wind power will be valued on the market are more important than
integration costs pet se.

Some of these investments in transmission capacity have been made for reliability reasons since
the time of the Swedish utility study.

21 All prices originally in Swedish kronor (SEK) and Norwegian kronor (NOK) have been
converted to US dollars at 7 SEK per USD, and 7 NOK per USD.

22
The Swedish National Energy Agency has forecasted coal prices of 1.95 USD/GJ and oil

prices of 3.41 USD/GJ for the mid 1990s. Vindkraftens ekonomi, (Windpower Economics), Swedish
National Energy Administration, Stockholm, 1989. (in Swedish)
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Table 2. Inlcgralion costs in US cents* per kWh tor wind power in Sweden.

Wind power capacity (MW)
Reduced coal capacity (MW)

Annual regulation
Short-term regulation
Spinning reserve
Wind spilling
Hook-up grid
Transmission

Marginal cost
Total cost

Total cost revised

TWh
5

2150
900

0.00
030
0.18
0.00
031
0.18

0.99
0.98

0.26

of wind energy per
10 20

4300
1700

0.00
035
0.18
0.00
031
0.21

1.28
1.06

0.29

8600
3400

0.02
0.67
0.18
0.04
031
0.22

2.26
1.45

0.43

year
30

12900
5000

0.04
0.90
0.25
0.20
031
0.22

329
1.92

039

1 Swedish kronor (SEK) converted to US dollars (USD) @ 7 SEK per USD.
b For calculating the total revised cost, the costs in categories 1-4 are reduced by
65% since assumed prices for the 90s (1.94 USD/GJ for coal and 3.41 USD/GJ for
oil) are roughly 35% of the prices used in the study (5.14 USD/GJ for coal and
10.29 USD/GJ for oil). Hook-up grid costs are omitted in revised. Transmission
costs arc halved in revised. Original values are in 1988 SEK.
Source, adapted from Op til, Rcf 18.

i
I

The Nordel system and trade

Today's principles for trade have been determined through agreements between the
major Nordic utilities through the informal cooperation under Nordel. Nordel has an
advisory function and is divided into three committees each responsible for operation,
planning, and issues related to thermal power production. The overall goals of the
cooperation are to minimize overall production costs, to assure power quality, and to
maintain adequate primary and secondary reserves within the Nordel system. The state-
owned utilities, Imatran Voima in Finland, Vattenfall in Sweden, and Statkraft in
Norway, and the grid company Elkraft on Zealand in Denmark have been responsible
for system operation and reliability and have had exclusive rights to the short-term
power exchanges within the Nordel grid.

Significant economic gains are realized by sharing primary and secondary reserves.
The total reserve requirements would be more than three times larger than at present

11
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if each country were to have its own primary reserve.2* Each country has dimensioned
its system so that it meets national electric energy demand. Power plants are operated
in order of increasing marginal operating costs and the profits from doing so are split
50/50 between the buyer and seller both within and between countries. Load forecasts
and information on the marginal operating costs of different plants are continuously
shared between the actors. Transactions between buyer and seller can be on an hourly
basis, temporary power, or a negotiated longer term, guaranteed power. If the delivered
or consumed power diverges froni the agreed amount, a penalty is paid by the
responsible party. Thus, the market mechanisms within Nordel is very similar to those
within the New England Power Pool, in the New England region of the USA.24

As a result of the least-cost dispatch, Finland and Denmark have been net
importers of electricity in recent water-rich years, benefitting from the relatively less
expensive hydroelectricity produced in Norway and Sweden. Finland and Denmark
imported between 10 and 20 percent, and between 5 and 30 percent, respectively, of
total electricity consumption, including losses, from 1985 to 1990.25 Finland, however,
purchased much of that power through a 900 MW DC-link to Russia. The other link
between Nordel and continental Europe connects Jutland, Denmark, with a 1000 MW
transmission line to Germany, but exports before 1989-1990 were negligible. Jutland has
DC-links with southern Norway (510 MW) and the Swedish west-coast (570 MW).
Integration of the Nordel countries with continental Europe is increasing with several
DC-links being planned or discussed.2*

Wind energy now contributes less than 1 TWh per year to Nordel, nearly all of

The NORDEL system is operated synchronized at the same frequency. The dimensioning case
for primary and secondary reserves is that in case of a loss of the largest producing unit, normal
operation should be regained within 15 minutes. In practice, for the ''hole system it means that 900
MW arc needed as primary reserves. If each country were to be responsible for its own primary
reserves, the total reserve requirements would be about 3,300 MW. Each country must hold its own
secondary reserves. In case of a disturbance, secondary reserves can be traded with short notice.
Bergström S. and Dancll A., Förnyelsebara energikällor i Nordelsystemet, (Renewable Sources of Energy
in the Nordel System), Nordic Council of Ministers, Report 1991:515, Copenhagen, 1991. (in Swedish)

24 B. Tcncnbaum, et al. Op cit, Rcf 3.

P.E. Gronhcit, H.H. Nielsen and H. Sörcnsen, The EC market and Nordic energy policy (EF's
indre marked og nordisk energipolitik), Report 1992:561, Nordic Council of Ministers, Copenhagen,
1992. (in Danish)

An additional 600 MW is planned between Finland and Russia. A second cable, doubling the
capacity to 1000 MW is already under construction between Norway and Jutland, Denmark, at a cost
of approximately 160 million USD. Norwegian utilities also consider building cables directly to
England, the Netherlands and Germany, each costing between 500 and 650 million USD (P.
Nordhagcn "Norway mobilizes for massive electricity exports, 30 TWh available for exports (Norge
kraftsamlar för massiv clexport 30 TWh finns att exportera)," Energimagasinet, No 2, 1993. (in
Swedish)). A cable with a total capacity of 600 MW at a projected cost of 315 million USD is under
construction between southern Sweden and Germany. The largest Swedish utility, Vattenfall AB, is
envisaging more cables from Sweden to Germany before the turn of the century (Interview with C-
E Nyquist, President of Vattenfall AB, in Energimagasinet, No 1,1993. (in Swedish)).
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which is produced in Denmark.27 The total installed capacity in Denmark and Sweden
was about 500 MW and 18 MW, respectively, in January 1993.28 The installed capacity
in Finland and Norway is smaller than in Sweden. Essentially all wind turbines are
connected to local distribution grids and about three-fourths owned by independent
power producers (IPPs). Different mechanisms are installed to regulate the price that
independent wind power producers are paid for the electricity they deliver to the local
grid. The price in Denmark is based on the local tariff, and in Sweden it is based on the
local distribution company's avoided cost. As wind energy contributions increase in the
Nordel system it will also be traded between regions and countries. There are four
aspects of trading wind power that must be considered at high contributions, if wind is
to be commercially successful in the present Nordic market. The same considerations
are equally important in a potentially deregulated and more competitive future Nordic
or European electricity market:

• Operating costs for wind turbines are essentially zero. Their output cannot be valued
on the basis of marginal operating cost but a shadow value, as for hydro, must be
assigned.

• Wind power, as other non-dispatchable options, must in some way be prioritized in
the system.

• The principles for dividing primary and secondary reserves between the countries
would need to be adjusted so that unnecessary costs for holding reserves do not
burden one country with a large production of wind power.

• Energy and environmental taxes in the trading countries should be harmonized to
avoid suboptimal allocation of resources.

I

Deregulation

The deregulation efforts in the Nordic countries have come furthest in Norway and
Sweden, in that order. Finland is moving towards changing her legislation to harmonize
with present and anticipated future European Community regulation. In Denmark no

Up to 1990-1991, national energy policies, e.g., investment grants, have accelerated the
introduction of wind energy in Denmark which now accounts for about 3 percent of danish electricity
demand. With falling wind energy costs there are no longer investments grants but the kWh price is
regulated and based on the local tariff.

M Statistics from Elkraft for January 1992 showed an installed capacity of 418 MW in Denmark.
Swedish statistics for January 1993 was reported in Energimagasinet, No 1,1993. (in Swedish)

13



corresponding steps have been taken so far.
Deregulation is used here to denote electricity market reforms intended to

introduce competition both in generation, wholesale, and retail of electricity. In a region
where a utility owns and controls generation and transmission, competition in generation
can be introduced by mandating the utility to procure new generating capacity through
competitive bidding.29 Competition can be expanded to the wholesale market by
introducing third party access to transmission. The utility is then required to provide
high-voltage transmission services to other wholesale electricity buyers and sellers if
capacity is available.30 Competition in retail is introduced by removing the distribution
companies' monopoly over low-voltage retail in their service area. The supply service,
i.e., the sale of electricity, is unbundled from the transportation service with competition
in wholesale and retail.

Fig. 2 shows a model of the deregulated market. The rules for, and the technical
coordination of the least-cost dispatch is arranged by the pool. Commercial
arrangements to buy and sell electricity in a spot-market may also be provided for by
the pool. Electricity can be traded by bilateral agreement between buyer and seller, as
indicated by the light arrows in Fig. 2. The power is then produced outside the central
dispatch but the transaction can be reported to the pool. In England and Wales,
however, all capacity is dispatched through the pool. Electricity can be sold at contracted
prices, as indicated by the dotted arrows in Figure 2, but its value at the time of delivery
is determined by the spot market price. The electricity buyers can buy electricity at spot
prices and take the risk of price fluctuations. They may also enter a contractual
arrangement with a generator to hedge against the risk of large spot-price fluctuations.
The customers may also choose to purchase at a fixed price, or a tariff, from a retailer
or generator. Any trader who produces, or consumes, electricity without a contract must
sell to, or buy from, the spot market at the spot market price.

System reliability and economic efficiency are two major concerns associated
with deregulating the electricity market. In traditional systems, generation and
transmission are owned by one entity responsible for system reliability and capacity
dispatch. In a deregulated market the independent transmission company would still be
responsible for reliability and dispatch but it would not own power plants or system
reserves. The question whether system reliability will be threatened in a deregulated
market with many more generators, possibly with conflicting interests, is not yet resolved.
Individual competitive generators may operate more economically than utilities, but the

The Public Utilities Regulatory Policies Act (PURPA) in the Unites States is one example.
With PURPA, utilities have an obligation to pay independent power producers an electricity price
equivalent to the utility's avoided cost.

This is what has been proposed for the EC. The proposed EC Commission directive on third
party access requires that access is granted on transmission systems to large end-users (> 25 MW) and
distribution companies (> 3% of national demand). See "Proposal for a Council Directive concerning
common rules for the internal market in electricity," Commission of the European Communities,
Directorate General for Energy (DG XVII), Brussels, January 1992.
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Figure 2. Model of a deregulated elcct/icity market. Thin arrows indicate bilateral trade outside the pool.
Thick arrows indicate transactions through the pool. These sales and purchases may be at spot price, or by
contractual arrangement which is indicated by thick dotted arrows.

long-term system economic efficiency also depends on how well the components work
together. Nordic utilities have voiced concerns that dispatching after bid prices rather
than marginal costs may lead to gaming and an overall less efficient use of resources.31

Deregulated electricity markets could function better if they were pan-Nordic rather than
national. The risk of collusion and price manipulation is lesser in a greater market.
However, at present each country is pursuing its own deregulation path without much
coordination with the other Nordic countries.

Norway
The Norwegian electricity system has historically been under tight political control to
further industrial and regional policy goals. Legislation was passed in 1991 to ensure
third party access to all transmission and distribution networks and complete retail

31 S. Dahllöf "El-utbyte i tunn tråd," (Power-exchange hanging by a thread), Ny teknik, No 39,
1992. (in Swedish)
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competition. Starting January 1992 the state-owned utility, StatKraft, was separated into
one generation company, Statkraft, and one national grid company, Statnett. Statkraft
owns about 25 percent of the electricity production, and is also responsible for
administrating electricity exports. The other about 60 generators are mostly publically
owned through the municipalities. There are over 200 distribution companies, some of
which are also generators. These must now unbundle the electricity supply service from
the electricity transportation service. The Norwegian electricity surplus has created great
pressure on the government to allow electricity exports exceeding the present quota of
5 TWh per year, apart from the net exports resulting from the Nordel power exchange.
The surplus has also resulted in initial reductions in electricity prices to consumers of
about 20 to 40 percent.32 A major difference between Norway and Britain is that the
Norwegian restructuring did not include privatization. Only a 10 to 15 percent share of
the electricity is presently sold through the Norwegian power pool and the remainder
through bilateral agreements. However, all transactions over the national grid are
reported in advance to Statnett. It is under discussion to have all transactions go through
the pool, as in England and Wales, in order to facilitate clearing.

Sweden
As in Norway, low cost electricity is considered an important competitive advantage for
electricity intensive industries in Sweden, thus a matter of political importance. Various
steps have been taken to introduce competition in the Swedish electricity market. The
responsibility for the national transmission grid was separated from the state-owned
utility, Vattenfall, in January 1992 and conveyed to a national grid company, Svenska
Kraftnät. The Swedish government presented a bill to the parliament in 1992, proposing
that the generation, transmission, and distribution of electricity should be vertically
separated and that competition both in generation and retail should be introduced. The
government solicited proposals for a new legal framework for the electricity sector33 and
for the creation of a spot-market for electricity,34 both of which were presented in July
1993. The Swedish generating companies oppose the creation of a spot market based
on the argument that Sweden's mix of complex hydro systems and nuclear power needs
a coordinated dispatch over the year. Sweden like Norway, has a system with electricity
surplus and low marginal costs in existing plants. The Norwegian experience with low
spot prices, bottoming at 0.3 cents/kWh in October 1992, probably contributes to the

J. Moen and C. Johansen, Norway's new energy act, lessons so far, Norwegian Water Resources
and Energy Administration, Oslo, 1992.

B. Söderberg, Elkonkurrens med nätmonopol (Electricity competition and network monopoly),
Swedish government report, SOU 1993:68, Allmänna förlaget, Stockholm, 1993. (in Swedish, summary
in English)

34

Swedish)
Handelsplats för el (Trading place for electricity), Svenska Kraftnät AB, Stockholm, 1993. (in
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Swedish generators' opposition to a spot market. As a result of the electricity surplus
and the risk of losing customers in a future market, many generators are now buying
distribution companies to ensure access to what in practice may become captive
customers. There are more than 250 distribution companies, most of which are owned
by municipalities. Some distribution companies are also generators.

A dilemma for the Swedish government is that the state owned Vattenfall owns
more than 50 percent, and the second biggest generator, Sydkraft, about 15 percent, of
the total electricity production. Competition on the generation side is hard to envisage
which such large companies dominating the market. At the same time, government
members argue that Sweden needs a generator which is large enough to be an important
actor on a potential future European common market. The official position is that the
Swedish Competition Authority shall be able ensure competition in spite of the above
described market structure.3*

Denmark
Denmark, the only Nordic country which is now an EC member, has shown little interest
in deregulation. The electricity system in Denmark originally developed around local
distribution companies and user-owned power production facilities. The system is
vertically integrated. About 100 distribution companies own and operate the power
plants and the grid. The distribution companies are owned by municipalities. Two
geographically separated transmission companies, Elsam on Jutland and Fyn, and Elkraft
on Zealand, are responsible for system operation and dispatching. A DC-link between
the two is under construction. Government regulation of the electricity sector in
Denmark was in principle limited to safety issues and price control until 1976 when
legislation was passed that required government approval of large power plants and
transmission lines. The application of government control in Denmark since then has
been largely aimed at reaching national environmental goals.

Norwegian and Swedish plans to expand transmission capacities to continental
Europe will in the longer term mean that Denmark's access to inexpensive electricity
diminishes. In a potential future common European market the Danish utilities would
be squeezed between powerful utilities in continental Europe on one side, and
Norwegian and Swedish utilities on the other side, all possibly competing in the
wholesale and retail markets. This probably contributes to the hesitance to deregulation
on the part of Denmark.

Swedish)
Interview with Per Westerberg, Minister of Industry, in Dagens Nyheter, May 7, 1993. (in
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Finland
The development in Finland is similar to that in Sweden, one exception being that the
establishment of a spot market does not seem to be a priority. The state-owned company
Imatran Voima (IVO) dominates Finnish electricity production and transmission. The
transmission was recently separated from the rest of the business but remain under
IVO's ownership and control. Finnish industry owns about one third of the production
and about one third of the transmission grid down to 110 kV. There are more than 100
distribution companies, mostly owned by the municipalities. Some of these are also
generators. Finland has by tradition the least regulated electricity sector among the
Nordic countries. Third party access to transmission and distribution, and vertical
deintegration are now being discussed.36 Finland's geographical situation and its history
with little regulation in the electricity sector means that deregulation is probably easier
here than in the other Nordic countries.37 The proposed reforms have met very little
opposition from the actors in the electricity sector.

Wind power in a deregulated market

The Nordic countries are still in the early stages of restructuring their electricity sectors
and many transitional problems remain. The changes that follow from deregulation will
produce both winners and losers. For example, should Norway liberate electricity exports
with subsequent price increases, it may threaten electricity intensive industries that have
located near hydro-resources as a result of industrial and regional development policies.
Generators with recent investments in new capacity may not be able to recover their
costs. Generators with depreciated plants may get windfall profits.

The electricity industry structure with relatively concentrated ownership of
generation, particularly in Sweden and Finland, probably enables manipulation of the
prices on a spot market, unless a common Nordic market is created. For example, in
Norway with about 60 generators, the spot-price took a jump in October 1992 when it
suddenly increased from 0.3 cents per kWh to about 1.5 cents per kWh as Statkraft
stopped bidding below this level. Since then the spot-price has gone down again.

An idealized future electricity market for the Nordic countries is assumed here
to provide a background for discussing what consequences deregulation will have for the
introduction of wind power. It is assumed that there will be full competition in
generation, wholesale and retail of electricity in a common Nordic market. Transmission
capacities to continental Europe will be large enough not to be a constraint on

Report from The Electric Utility Commission to the Finnish Parliament, Commission report
1992:15. (in Swedish)

OJ. Olsen, 'The EC market and the restructuring of the Nordic electricity sector (EPs indre
marked og omstruktureringen af den nordiske elsektor)," paper presented at the Nordic Council of
Ministers' Seminar, 8-9 September, Stockholm-Helsinki, 1992. (in Danish)
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electricity exports. New generating capacity will be needed as a resuh of the closing of
nuclear power plants in Sweden, increased Nordic demand and, or, trade with
continental Europe.

In a deregulated market, ideally wind power should compete with other generating
options on equal terms. These terms may include internalization of environmental and
other social costs that are now treated as externalities. Wind power can be sold at spot-
prices, like any other electricity, and wind power generators can enter contractual
arrangements with buyers, like any other generator. The financial risk from investing in
wind power for the spot market may be too high and wind power generators should
operate in the forward market just like any other generator. Paying or getting the spot-
price may simply be viewed as the penalty, or reward, for not having a contract. The
experience in England and Wales is that more than 90 percent of all the electricity is
sold on contracts rather than at spot prices, and that new generators get their revenue
from hedging contracts and not the spot-market. The electricity traded on short-term
basis under current Nordel arrangements is also less than 10 percent of total. The value
that wind power will have in the forward market is, however, determined by its expected
value on the spot market. The key to a successful forward market with hedging contracts
for electricity is the existence of an efficiently functioning underlying spot market for the
commodity.3*

A deregulated market with a power pool, such as sketched in Fig. 2, allows small
IPPs to contract to provide electricity in the retail market where competition is
unrestricted. Without the pool to back-up electricity sales, small generators could sell
only to larger wholesale companies or generators. In the deregulated market, all the
generator receives is the market price for energy. Whether the energy is contracted or
sold on the spot market, the spot market price will rule. A full-cost spot market, where
the spot price is designed to cover all costs, is a prerequisite for unrestricted competition
in retail.3*

The spot-price, or pool input price, paid to generators, and the spot price paid by
buyers must therefore be calculated according to some formula. This formula should
include a spot energy price based on the generators' bids, and additional components
to account for the value of capacity, and the costs for keeping or using reserves. The grid
company's costs for balancing the transmission system in case of constraints, and for
primary and secondary reserves must be reflected in, and allocated through, the pricing
formula.

38,E. Amundsen and B. Singh, "Developing futures markets for electricity in Europe," The Energ/
Journal, Vol 13, No 3, 1992, pp 95-112.

Op cil, Ref 34.
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Spot pricing
A fundamental difference from other generators is that wind power generators cannot
offer firm power to the pool, or to any buyer by bilateral agreement if not all electricity
goes through the pool. The marginal operating cost is essentially zero, and wind power
does not have a shadow value in the same sense as hydro power where water may be
stored for later use. As a consequence, the wind power producer is not really in the
position to place half-hour, or hourly bids in advance on the spot market. The spot
energy price paid to wind power generators must be based on some principle other than
bidding. A question related to the pricing principle is how the integration costs from,
e.g., increased need for and use of primary and secondary reserves, procured by the grid
company, can be reflected in the spot price paid to wind power generators?

The value of the electricity is reflected in the highest bid that would have been
accepted assuming wind power were not available. However, such shadow pricing of the
spot energy price is inappropriate since the whole market is acting as if wind were
available. In addition, prioritizing wind power at this price level would be discriminating
towards other generators. Another alternative is that wind power generators get paid the
highest accepted spot energy price from non-wind generators at any hour or half-hour
interval. With this scheme, the spot energy price may drop to substantially less than it
would have been without wind power. How much depends on the shape of the
generation cost curve and how much wind contributes to total demand. In this case, the
spot energy price does not reflect the value of the electricity and setting the price at this
level would be discriminating towards wind power generators. The spot energy price paid
to wind power generators should therefore be regulated at some intermediate level to
reflect the value of the electricity and it is probably best based on the highest accepted
non-wind generator bid.

A potential market mechanism to signal the value of the integration cost in
England and Wales is the capacity component in the pool input price that provide
generators with an incentive to make generating units available even if they are not
scheduled to run. In a predominantly thermal system, increasing wind penetrations would
increase the value of capacity, so that the capacity component of the pool input price
increases. If based on highest accepted non-wind power generator bid, the spot-energy
price would decrease as the share of non-wind power generation of total production
would decrease. The integration costs are that way built into the market mechanism. In
an energy limited hydroelectric system, it is using reserves that represents a cost, not
keeping reserves available. The value of water that can be stored is not only determined
by demand in each moment, but also by its expected future value. As shown in table 2,
roughly half the integration costs are due to lower water yields from sub-optimal short
term regulation. This means that the cost still largely coincides in time with the
variations in wind energy output as in a thermal system.

The spot market price paid to wind power generators in a deregulated market
thus depends on how the spot energy price is regulated, and how the costs for reserves,
exceeding normal reserve requirements, are allocated.
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The modus operandi for a spot market with wind power as described is idealized.
If wind power capacity becomes sufficiently large, a number of complications are
possible. For example, with excess non-dispatchable supply, who should be forced to spill
energy and how can they be compensated? Such complications must be considered when
adopting regulations to prioritize and price wh;d power.

Trade and transaction costs
Several different actors may be interested in developing the Nordic wind power
potential, ranging from large generators to small IPPs. Large utilities may find the
transaction costs associated with developing small and dispersed wind sites discouraging.
They are likely to be more interested in developing larger wind farms, e.g., off-shore, or
other ones where siting will only have to be negotiated with one or a few land-owners.
Small IPPs, possibly the land-owner, are likely to find it easier to develop small sites.

A large utility with hydroelectric resources would have no problem
accommodating wind power in its capacity and energy portfolio. The utility can use its
hydro capacity as backup and sell firm power.

For small IPPs the situation is more complicated and transaction costs for
negotiating sales contracts may be relatively high per kWh. The output from individual
wind turbines is generally delivered to the local distribution grid at 10 to 20 kV. The
value of the electricity is higher at this voltage level than at the 130 kV level on the
regional grid, reflecting transmission and transformation costs. For example, the value
may be 3.5 and 3 cents per kWh at the 10 and 130 kV level, respectively.

The small IPP can sell on contract to a customer, a retailer, or a larger generator,
or sell at the spot-price through the pool provided that he or she has access to the pool.
Selling at spot-price means that the IPP carries the whole risk of the investment. The
contract arrangement and the allocation of risk is likely to vary depending on who the
buyer is. The risk will stay v/ith the IPP if firm sales are contracted with a customer or
retailer and the spot-price is paid for non-contracted transactions. The IPP may also shift
all the risk to a retailer or a larger utility by contracting for a fixed price that allows
capital and operating costs to be recovered. The IPP and the buyer may also share the
risk through other types of contracts.

It would be natural for the IPP to enter a contract with the local retailer.
However, the local retailer may not be willing to pay more than the IPP's opportunity
cost, i.e., the value on the regional grid or what a local customer would be willing to
pay. Even with third party access to distribution lines, there are many ways that the local
retailer, who probably still operates the grid, can make life difficult for a small
generator.40 For example, a customer who buys wind power may be penalized by the
distributor for his irregular load curve, reducing the value of wind power to the local

B. Tenenbaum, et al, Op cit, Ref 3.
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customer. In addition, the value of increased reliability from distributed generation41 is
not likely to be appreciated by the local retailer. Continued regulation to prevent
discrimination against small IPPs may be motivated, and the conduct of the actors in this
area should be monitored.

Financing
In a monopoly situation, all costs, including the risk of a failure to recover the total costs
of generation, may be passed on to the customers. The risk to utilities has therefore
been small and in industrialized countries investments in new capacity have been
evaluated using discount rates ot 4 to 6 percent real. Irrespective of future ownership,
investors are likely to require higher rates of return on capital in a deregulated market
than they do today since deregulation shifts the risk from customers to generators. This
means that plants with low investment cost shares will be favored over capital intensive
plants such as wind turbines. Contracts may be used to reallocate the risk, as discussed
above.

For wind turbines, about 80 percent of total generating cost per kWh is capital
costs.42 For fuel based generating options, capital costs may be well under half of the
total cost.43 IPPs may find it difficult to establish themselves in a market with retail
competition. If electricity buyers are unwilling to commit to 10 to 20 year contracts the
option of project financing may disappear. Possible market entrants could be limited
to larger actors who can finance projects with their own capital. It is also likely that
smaller plants with short lead-times will be favored, since building a large plant
constitutes a greater financial risk. In this case, wind power would benefit as many other
small scale and modular, but less capital intensive, generation technologies, e.g., gas
turbines.

Financing arrangements have been important determinants of how wind power
has developed in EC countries.44 Governments may find it motivated to make capital
available at low interest rates, or provide investment grants, for wind energy
development, and for other sources that are considered to be of social importance.

41 L. Lamarre, The vision of distributed generation," EPR1 Journal, April/May 1993, pp 6-17.

42 AJ. Cavallo, S.M. Hock and D.R. Smith, "Wind energy: technology and economics," in T.B.
Johansson, et al, Op dt, Ref 6.

43 Op cit, Ref 9.

44 EJ. van Zuylen, et al, Op cit, Ref 4.

22



Wind power market outlook

Installed wind capacity in the Nordic countries is likely to grow slowly but steadily in the
next 5 to 10 years. The installed capacity in Denmark has grown by 70 MW per year
in since 1988. The official Danish energy plan calls for an expansion that averages about
80 MW per year up to the year 2005. Between 1991 and 1996 the Swedish government
offers investment grants that are intended to result in an installed capacity of 110 MW
by the end of the period. Finland also has an investment grant program and a goal to
have 100 MW installed by 2005 has been proposed by a Ministry of trade and industry
committee. Norway has a demonstration program, but yet no program to stimulate
investment in wind power.

Electricity demand is expected to grow slowly. Business-as-usual scenarios for the
Nordic countries suggest a one percent growth in demand per year over the next 20
years. Higher end-use efficiency through demand side management is also gaining
interest in the Nordic countries.45 With demand side management as an integral part
of utility planning, growth in demand could be less than one percent per year. If the
most energy efficient end-use technologies available on the market today became the
ones averagely used in 2010, electricity demand could remain constant or decrease
compared with today's level.4*

Changing the playing field through deregulation leads to a number of transitional
effects. The current electricity surplus in conjunction with low marginal costs for the
lions share of power plants means that if a competitive market is created, an initial drop
in price is likely in Nordel as a whole. However, by the turn of the century the market
for wind power may start growing rapidly. 10,000 MW of nuclear capacity in Sweden
must be replaced by 2010 either as a result of the referendum in 1980 and subsequent
parliament decisions, or around that time because many of the plants will then reach the
end of their technical lifetime. In addition, electricity exports are likely to increase as
a result of expanded transmission capacities to continental Europe.

The cost of wind power production is expected to fall from the present by about
40 percent in the next ten years.47 In addition, the market value of renewable energy is
likely to increase. This may result from environmental taxes or other external cost
adders, or from an increased consumer driven demand. Consumers have been willing to
pay more for environmentally friendly products, e.g., unbleached or chlorine-free paper
qualities, or new detergents. In a deregulated electricity market with retail competition,

Indicated, for example, by the extensive Nordic participation at the Second International Energy
Efficiency and DSM Conference, 21-23 September, Stockholm, 1993.

L. Brinck, et al, Environment and Energy in the Nordic Countries - energy scenarios for the year
2010, Report 1992:548, Nordic Council of Ministers, Copenhagen, 1992. (in Danish, Swedish and
Norwegian)

47 AJ. Cavallo, et al, Op dt, Ref 42.
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users have the power to decide which electricity supplier to buy from. They may exercise
this power to buy from generators who supply electricity from renewable sources.

Conclusions

Deregulation of the electricity sector will provide small independent power producers
with access to retail markets which were earlier monopolized. Great wind potentials,
low generation costs, and low integration costs make wind power an attractive option for
future capacity expansion and replacement in the Nordic countries. The size of the
contribution to electricity supply that will come from wind depends on how it will be
valued on the electricity market. This, in turn, depends on pricing mechanisms, market
rules, financing arrangements, and what steps are taken to internalize the environmental
and other external costs of different generating options.

Without appropriate pricing mechanisms in a spot market, wind power produced
by small generators may be priced below its value to the electricity system. The conduct
of retailers and larger generators should be monitored, and perhaps regulated, to
prevent discrimination against small wind power generators. To compensate for potential
market imperfections, governments may also consider offering loans at low interest rates
to small independent power producers.

Such market interventions may seem to contradict the goal of creating a
competitive market, but deregulation efforts should include consideration of broader
societal goals in addition to the anticipated direct economic benefits. These goals
include, e.g., reduced emissions of CO2 and other pollutants, security of energy supply,
regional development, and employment. The deregulation process presents a rare
opportunity for society to change the playing field in favor of wind and other renewable
energy sources that are compatible with such goals.
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