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Danish Energy Policy

e Danish olie In 1972 and oliecrisis in 1973
e Energyplans in year 76, 81, 90,

e Year 1996 (Energy 21)

e Green majority in parliment 1980-2000
e New libral goverment in 2001



Danish Energy Policy - update

e Liberal Energy Market
e Electricity Saving Fund, labelling ect.

e Energy savings In buildings, new
regulation

e 2 % energy saving pr. year
® 2 new offshore windfarms
e Retrofit of 350 MW new wind on land



New: Danish Wind Policy

No new capacity 2003-2006
Low expectations for new
capacity after 2007

Market + Added price

(Max 0.049 euro/ kWh)




From Centralized to Decentralized CHP

DK annual consumption 32 TWh

Centralized production in the mid 80’s




Transmission system in Denmark

Two autonomy o / A \
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systems.
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Connection to
Norway, Germany
and Sweden

Annual
consumption
32 TWh




CO,-Emission and Economic Growth

- GDP fixed prices
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Explanatory factors: 1) Renewable energy, 2) Energy savings, 3) Combined Heat Power




Emission of danish greenhouse gas
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Production Cost at Danish on-shore Wind Power Plants
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[History off Danish Windpower




IHistery of Danish Windpower

e Gedser mgllen,
200 kW

e Installed 1957
e shut down, 1967

e Testrun in 1977
was financed by
US government




[History off Danish Windpower

e Oil crisis 1979

e First modern
turbine from 1982

e 15 -45 kW for
orivate household

e Privately build
e Friend —to - friend




[History off Danish Windpower

Ready for the big boom in USA 1985 - 88

Ca. 50 % off all
wind turbines

RUER IR
made in DK




WIND POWER INSTALLED IN EUROPE
BY END OF 2004 (CUMULATIVE) '

EU - 34.205 MW
ACCESSION COUNTRIES - 28 MW
EFTA COUNTRIES - 169 MW

Source: EWER [www. e g
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20.8%

of electricity
In Denmark
comes from

Wind In
2004

WTG positions in Denmark
status 1.10.2001




Why did we have this success ?

¢ 81% of Danish wind energy
projects are local and
community-based

e We had a policy which supported
this development

e Feed-In tarif system
e Grid connection law



Ownership in Denmark
Year 2002: 3000 MW, 5000 turbines

Utility Others
turbines 1%
18%

Cooperative
turbines
23%

Single
person
58%



~Joint ownership installation




Ownership for windturbines in
Denmark

B Private/industry (singel turbines) [ Cooperative [ Utility
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Year 2005: 3000 MW 5344 turbines
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Offshore windfarms
In Denmark 2005

Build
Location Power INn year
1. Vindeby 5 MW 1991

2. Tung Knob 5 MW 1995
3. Middelgrund |40 MW 2001
4. Horns Rev 160 MW 2002
5. Samsg 22 MW 2002
6. Rgdsand 160 MW 2003
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Mumber of turbines.............

Installed Power....................
Hubrheight. o mmmmnm 64 metres

Rotor diameter...c.covvvvviinnnnnn 76 metres

Tolal height.......c.cociiiiiiain, 102 metres

Foundation depth......ceevsensss 4 to B metres
Foundation weight [dry)........ 1,800 tonnes
Wind speed at 50-m height... 7.2 m/s
Expected production............ 100 GWh/y
Production 2002..........cuc.... 100 GWh
(wind 97% of normal)

Park efficiency....c..coiiii. 93%
Construction year.......ccveueee. 2000

Investment..ocooeeiiiiiiiiiiinianns
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Wind turbine Co-operative

e Big scale wind
energy for the city

_ocal placement
_ocal dialog
_ocal ownership

nvolve of people in
0rocess

e Example of Agenda
21 and cityecology




History of cooperatives

e N.F.S. Grundtvig, 1783

e Theologian, author
and poet

e Everyone can and
must make a
difference

e Change his conditions
of life

e Country high schools
e Farmers education

e DK agriculture and
Industry organzed by
CO0pS




Wind turbine Co-operative

e 8527 members private,
organizations,
companies

e 40,500 shares




Involvement of 8500 people




500 members visited their turbine

on open-house day in June 2005
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Debate — before
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Green landmark for Copenhagen

e Said by the:
Danish Minister of
Environment,
Conni Hedegaard,
member of danish
Conservatives




“T bathe all year at Helgoland and enjoy the view
qf the turbines. 1t gives posttive energy.”
Marianne Iversen.

. egofg:ﬁ-zd 5 a pﬁblzk‘ bath at Amager Beach.
The distance to the nearest turbine at

M:ddelgrunden is 2 k.




"W henever the wind turbines at Middel-

grunden are running, 1 know the wind outside

S kovshoved Marina is perfect for satling and
training with the team.”

Jeppe Blak-Nielsen, yachisman.




With the many involved and commutted members
the cooperative has Julfilled its most important
aim: to show public involvement in environment
projects of high calibre. In apprecration of the
public involvement, the project has recesved several
prezes, including The European Solar Prise and

The Global Energy Award tn 2000.

Erik Christansen, chairman of the Cooperative



“In my fybz}fz'm the success af this project can be

explatned especially by the constructive cooperation
between the mnncipality, the f?:r’fr’ﬁz'ﬂ‘@d/ energy
company and the private partnership. The cooperation
ensured the local commniment and engaged local
anthoreties and politicrans.”

Winnie Berudtson, M@W f;'f Environment, Capefzfiqgwﬁ.



"As a fisherman I am not in favour of

offshore wind turbines, but we have had fo
aceept the wend farm on the Middelgrunden

Shoal.”

Torben Christensen
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[Danish epinions about windpower

e 7/0-85% of people in Denmark support more
windpower in Denmark (from 1992-2006)

e People are pleased with existing turbines and the
positive attitude Is highest among those who can
see the turbines every day.

e Positive attitude is also highest among those who
can see the offshore turbines every day.

e Complaints from less than 2% of all turbines
(mostly old noisy turbines, not allowed today)



Danish epinion poll, ACN, 2006, Wild about wind

e Are you favorable
to wind power?

mYes
m No

O Don't know




Danish epinion poll, ACN, 2006, Wild about wind

e Should Denmark continuously erect new wind
turbines, so that an increasing share of the
electricity production is covered by wind power?

6%

\

mYes
m No

0o Don't know




Danish epinion poll, ACN, 2006, Wild about wind

e \We should erect more wind turbines, but not in my
local area ?

m Completely
Agree/Agree

m Disagree/Completely
disagree

O Don't know




Danish epinion poll, ACN, 2006, Wild about wind

e Wind turbines in the landscape Is a positive symbol
of Denmark?

m Completely
Agree/Agree

m Disagree/Complet

ely disagree

0O Don't know




Danish epinion poll, ACN, 2006, Wild about wind

e In general, wind turbines integrates well into the
Danish landscape?

m Completely
Agree/Agree

m Disagree/Complet

ely disagree

0o Don't know




Oftshore opinion poll 2006, 1400 persons

e People with direct views for turbines
at Horns Reef and Nysted are more
positive than people in general,
and more positve towards extension
of the farms

e Nysted, 9-10 km from coast, pay
1200 DDK to go 50 km from coast.

e People in general; 900 DDK to go
50 km from coast.

e Horns Rev, 14-20 km from coast,
pay 600 DDK to go 50 km from
coast.
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Tourist epinion poll about Middelgrunden,
2400)6

e Are you favorable
to wind power?

mYes
m No

O Neutrale




Tourist epinion poll about Middelgrunden,
2400)6

e What is your impression of the turbines
outside Copenhagen harbour?

m Positive

m Negative

O Neutrale




Danish opinion poll by Senar, 2001
\What do you think about wind power In

Denmark ?

@ Enough - stop
now

W Stop - too
many already

O Don’t know

@ Yes - more




Paid price  Market Sawved  Real value
for CO2 price for  health cost
CO2

Source: Danish Environment Ministry, ExternE
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Envirenmental Impact Assesment
EIA

Visual impact

Risk of leaking: debris and heavy metals
contamination from the former dumpsite

Noise propagation

Influence on the free flow of water i Oresund

Risk of collision with vessels

Impact on flora and fauna

Fishing

Risk of shipwrecks and findings of archaeological
Interest



Benefits for the Environment

e 89.000 MWh per. Year

e 3% of electricity in Copenhagen
e Gives clean air :

e 261 tons SO2

e 234 tons NO2

e /6500 tons CO2

® 4950 tons cinders and ash



\isual impact 1

Several configurations
were testet using
computer image

Visiual background for
the Littel Mermaid

Opposition to all
configuations, except
straight-line

A straight-line type
meant fewer turbines
than could be supported
bv the area




\isual Impact 2

|



Visual Impact 3

Vestvolden
Parkbdndet

. Jagtvejslinien
Seerne

tisholmen




NoISe propagation

e Regulation: Noise
levels below 40-45
dB at nearest
neighbour

e Fact: You can’t hear
after 500 m.

DECIBEL - Middelgrunden 2em kort

Beregning Stegheregning. Kidesisj 1056 48

Fll; CAFmagrammer S MOV rd PROUm porfi8cg_—1 bl




Impact on the free flow of water 1 Oresund

e The Baltic Sea is
refreshed by water !
from the Danish [ g S
SUEIE £ W 4

e Reduced flow by
0,0012%

e Compensation
treament was not
justified




Risk of collision with vessels

e Result; Reduced risk of oil
spill.

e Oresund is a busy
seaways, 20.000 ships a
year.

e Simulations have shown
8% risk of one collision to
turbine pr. year.

e But reduced ground
collison 120% to 40% a
year because the low
water will become visible




Impact on flora and fauna

e No negative influence after 3
years

e Vegetation was to be
controlled prior to
construction, three months
after, and on yeare after

e Tree months later the sea bed
had more or less recovered,
and the faundations were
covered with seaweed

e Conclusion: The faundations
served as minireefs




Eine recovery of eelgrass after







Birds at Middelgrunden

e No effect on birds
e Or positive effect

e Birds often collide
with high voltage
lines, masts, poles,
and windows in
buildings. They are
also killed by cars and
shot.

e Birds are seldom
bothered by wind
turbines, however.










Eishing In the area

.
e Compensation for
"no fishing” during
the construction

e Fishing allowed
around the cabels

e Better fishing
place becaus of
the faundations
"minireefs”







RISk ofi shipwrecks

Slaget pa Reden BB

e Many shipwrecks in .' s )
the area

.'-
o *

* No archaeological | ~
sites was found e wecsed | Middelgrund

e Could have delayed
the construchen with
1 year
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Shadow

e Distance to
housing min. 500
m

e No problem at
Middelgrunden




Bonus 2IM\\/

e Tower 64 m
e Top 102 m

e Rotor @ 76 m,
equal to the wings
of a Boeing 747

e 18 RPM/12 RPM




Fundation

e 1800 tons
e Concrete
e Gravity

Concrete slab

2000

500
=

16,700 to 17,600







Windspeeai to pewer ratio
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Trower

8 levels in the tower i
Level 1: communication o Mtistyng?it,

Level 2 : shiftgear
Level 3 : transformer
Level 4 : controle system

Top and bottom have a
dehumidifying plant




Grid connection - seacabel

e Twin 30 kW sea
cable are drawn to
power plants on
the coast

e Local connection
from turbine to
turbine

e Turbine No 10
servs as cable hub
for all cables




I'he cost ofi the wind farm

Wind turbines

Fundations

Grid COﬂﬂECtiOn, (from land to farm)
Grid connection, off-shore
Design, advice and planning
Wind-turbine co-operative
Other costs

Total

(Middelgrundens Vindmoellelaug I/S, final account 2003)

EUR (mill)
26.68

12.94

PSO, not included
4.51

2.98

0.80

0.64

48.55



Key figures (40 MW)

Investment 47,700,000 Euro
Investment/kW 1,193 Euro/kW
Yearly production 100,000,000 kWh
Calculation * Calculation rate = 5%

* Lifetime = 25 years
* Service = 0.01 Euro/kWh

Calculated production price 0.044 Euro/kWh



Economy for shareholder

Sales price of electricity

Year Fixed Added price for renew. energy

0-6 0.044 eurokwh 0.036 euro/kwh

6-10  0.044 euro/kwh 0.014-0.036 euro/kwh

10-25 Market price Green label certificate to be
traded

10-25 Max 0.049 euroskwh (New decision in 2002)



Economy for shareholder (6 years)

1. Share = 1000 kWh/year, Price of share =570 Euro

Selling price of electricity 44 Euro
Added price 36 Euro
Income/year 80 Euro
Maintenance cost -10 Euro
Net income/year /0 Euro
Simple pay back time 8 years
Annual depreciation 5%

Rate after depreciation 7.5%



DDK
Income per share per year

I3 A
il s s Sl s g 0 BT B e A B e R e e B R B
500 1‘\
400 \ B
Rt B i e e i
300 s C
D T o o o oo e o e S e e e e e e
200 -
A) Price of electri(:ity 0,60 DDK/kWh in 20 years
100 |— B) Budget price = 0,60 DDK/KkWh in 6 years then 0,43 DDkaWh
C) Worstcase = drop of price after 10 years |
D) Depreciation = 212,35 DKK
1 5 10 15 20
Year



Middelgrundens Wind Co-operative, production 2005

O Production
B Budget, actual windenergy in Denmark
O Budget, normal windenergy in Denmark

Total production 44.860.913 kWh




2002 2003 2004 2005

Turbine avalibility 98.7 %0 98.1% 98,7% 98,3%0
Total avalibility incl. grid 96.4 %0 95.9%0 97.2%

Windfarm avalibility

—&— Mgllernes radighed —A— Total radighed inkl, net

100.0%
y * 4
95,0% S /t b o —A
90.0%
85.0% A/

80,0%
75,0%

2002 2003 2004
Ar




|_essons learned

Long planning proces (starts in 1993)

Conflicts (NIMB, fishing, historic landscape, utility. policy)
Myth and facts

New liberalised electricity law

No single authority and no planning procedures

No regulation on private off-shore

Organization of 8500 members (public awareness)

Public dialog important (public awareness)

Visual impact (from 27 to 20 turbines)

Co-operation important (Wind turbine co-operative,
municipality and utility)

Policy (parliament, local parliament,commitment of mayor)



Recommendations

People must be involved in relevant part of process
Problems with acceptance can be avoided

Contact for interest groups and authorities in early stage
Dissemination of appropriate information in right time
Many reservations were based on the fear of negative impact

We took relevant and critical reaction into account by
changing the design of the windfarm



Why private and local turbines ?

e More actors in the market gives you
more turbines !

e Local and private took the initiative for 81% of
all turbines in Denmark

e L ocal people create local dialogue and
acceptance and prevent the NIMBY effect

e Local ownership raises public awareness
e Local ownership solves problems and conflicts

e Private investment promotes cheaper and
better technology




Why private and local turbines ?

e Local production saves 10 % energy (less transmission loss)

e L ocal production demands less transmission lines

e Local production makes sustainable development
understandable

e Gives people opportunity to act for sustainable development

e Local turbines give power to democracy and less power to
the market

e Local turbines give price stability on electricity market



Conclusion

Feed-in tarif, grid connection law, and local

Investment has formed the basis for wind power

success In Denmark

Middelgrunden windfarm showed that offshore

can be done for low cost and with no enviromental

problems

e Local demonstration
Important !

Demonstration value was and is big

orojects is still very

e Now It iIs a green lanc

mark for Copenhagen and

local people are proud of Middelgrunden



The 20% windscenario for USA

e Denmark have 20% wind — can you do the same?
e To achieve 20 % wind energy you need 250-340.000 MW.

e You need 15.000 MW!/y for 20 years — or 20 times the
“Cape Cod” project each year for 20 years.

e So you really have to do something — time is a factor — and
you’ll have to start now!

e You need examples of how you can do it (policy,
technology, economy, democracy, involvement)

e If you save 50% you “only” need 50% wind energy to
achieve the same wind penetration

e \We have done it in Denmark today — you can do it if you
want!



Recommendations for US context

e Wind is the cheap and clean - push for local
projects !

e 20 % windenergy is achieved in Denmark — you
can do the same

e Danes are positive for more wind — hope US will
do the same

e Off-shore wind Is a realistic options, especially
close to loadcenter



More at www.middelgrunden.adk
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TThank you for your attention !




	Danish energy policy and Middelgrunden Off-shore Wind Farm
	EnergysavingsLocal information  and implementation
	Danish Network of Energycenters
	Danish Energy Policy
	Danish Energy Policy - update
	New Danish Wind Policy
	Emission of danish greenhouse gas
	History of Danish Windpower
	History of Danish Windpower
	History of Danish Windpower
	History of Danish Windpower
	20.8% of electricity in Denmark comes from Wind in 2004
	Why did we have this success ?
	
	Abeautiful view
	Wind turbine Co-operative
	History of cooperatives
	Wind turbine Co-operative
	Involvement of 8500 people
	500 members visited their turbine on open-house day in June 2005
	Proces
	Debate
	Debate – before
	Before
	Debate
	Debate
	Green landmark for Copenhagen
	
	Danish opinions about windpower
	Danish opinion poll, ACN, 2006, Wild about wind
	Danish opinion poll, ACN, 2006, Wild about wind
	Danish opinion poll, ACN, 2006, Wild about wind
	Danish opinion poll, ACN, 2006, Wild about wind
	Danish opinion poll, ACN, 2006, Wild about wind
	Offshore opinion poll 2006, 1400 persons
	Tourist
	Tourist opinion poll about Middelgrunden, 2006
	Tourist opinion poll about Middelgrunden, 2006
	Danish opinion poll by Sonar, 2001What do you think about wind power in Denmark ?
	Debate
	Debate
	Environmental Impact Assesment EIA
	Benefits for the Environment
	Visual impact 1
	Visual impact 2
	Visual impact 3
	Noise propagation
	Impact on the free flow of water i Oresund
	Risk of collision with vessels
	Impact on flora and fauna
	Fine recovery of eelgrass after the construction
	Birds at Middelgrunden
	Fishing in the area
	Risk of shipwrecks
	Shadow
	Bonus 2MW
	Fundation
	Windspeed to power ratio
	Tower
	Grid connection - seacabel
	The cost of the wind farm
	Key figures (40 MW)
	Economy for shareholder
	Economy for shareholder (6 years)
	Lessons learned
	Recommendations
	Why private and local turbines ?
	Why private and local turbines ?
	Conclusion
	The 20% windscenario for USA
	Recommendations for US context
	More at www.middelgrunden.dk
	Thank you for your attention !

