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INTRODUCTION: GENERALITIES
Some definitions and a few facts
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RENEWABLE ENERGY
• An ambiguous definition that gathers traditional fuels (CRW
i.e. combustible renewables and wastes), large dams
(hydropower plants), and new modern renewable energies
(wind, solar, geothermal, tide..)
• Flawed conventions: For the IEA, one unit of electricity
output is worth 3 units of nuclear or primary fossil fuel input
but only 1 unit of hydro, wind, solar, or tide input and 10
units of geothermal input
• A theme of relevance for all countries, in particular Mexico
which has introduced a new climate bill, but unfortunately
too often focussed on new costly renewables rather than on
much cheaper hydropower and nuclear
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MEXICO’S CLIMATE BILL
• President Felipe Calderon is poised to approve the world's
latest comprehensive climate change bill
• The Senate, which had last year approved an earlier version,
voted after the country's lower House approved the bill
• It will now pass to the president, who is expected to sign the bill
into law in the coming days.
• The bill is similar to the UK Climate Change Act and will require
future governments to meet emissions reduction targets
• The goal is ultimately to cut carbon emissions 50% by 2050 and
it includes additional targets:
• Cutting emissions 30% by 2020, and ensuring that 24% of
electricity is generated from renewable sources by 2024
5

WHY TO FOCUS ON WIND?
…because, excluding hydro (not a «new» renewable!),
it already is the largest new renewable source, and the
IEA WEO-2011 sees it as the future winner
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POTENTIAL BENEFITS OF WIND*
- Seen as environmentally friendly (carbon free)
- Preferred in many countries to nuclear & hydro
- Local, domestic occurrence (no geopolitics)
- Diversification of energy portfolio
- Low operating costs (no fuel cost)
- Short construction times (modular design)
- Can be used in remote locations (off-grid)
*Regarding solar PV, Jean Paul Bouttes of EDF said in Istanbul last month that the only
place where solar works is Southern California during summer because the electricity
peak demand is at 3 pm and coincides with the peak daily production of PV cells8

POTENTIAL WIND’S DRAWBACKS
• Limited capacity factor (25% or 2000 h for wind)
• Variability and predictability (especially for wind)
• Large space occupancy (500-1000 times nuclear)
• Poor electricity quality (frequency & sinusoid)
• Generally uneconomic unless subsidized
• Additional cost of back-up for intermittency
• Additional cost of reinforcement of the grid
• In the case of onshore wind farms, noise and
visual pollution because of the height of turbines
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CHAUNCEY STARR,
FIRST CHAIRMAN OF EPRI
“Unfortunately all renewables face practical barriers:





Hydro is obviously limited and has ecological constraints.
Biomass involves transportation costs that limit its value to
about a 25-mile collection radius around the power plant.
Solar and wind diurnal intermittency (about 15-30% in the
temperate zone) limits their contribution.
Adding storage for a continuous base load supply multiplies
their capital investment by a rough factor of ten or more,
making them impractical for such use…”
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DAN REICHTER, US-DOE
ASSISTANT SECRETARY
In his ENERGEX/GLOBEX presentation at Las Vegas
on July 25, 2000, he said that total US subsidies for
energy during the 20th century amounted to:




25/50 G$ for civil nuclear over the last 50 years
(power output share of ~20 %) or 1-1.5 G$ for 1%
50 G$ (current dollars) for hydro over the century
(power output share of ~10%) or 5 G$ for 1%
13 G$ for new renewables over the last 15 years
(power output share <0.5 %) or > 26 G$ for 1%

Past subsidies for new renewables are large but benefits are
small when compared to hydro & nuclear
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SPACE OCCUPANCY
• Aerial density of wind farms: 5-10 MW/km2
• Can produce 0.01-0.02 TWh/y over ~2000 h
• A 1250 MW nuclear plant occupy 1 km2
• Can produce up to 10 TWh/y over 8000 h
• Hence a ratio of 500-1000 to match nuclear in
terms of quantity but certainly not of quality
Example: 10% of the territory in France should be covered
with wind farms if the whole electricity (550 TWh) came from
wind (assuming that wind resource is adequate on all 10%)
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FRANCE-GERMANY COMPARISON
•
•
•
•
•
•
•

58 nuclear units
Replacing old plants by EPR
Wind capacity small ~1 GW
Nuke capacity 63 GW
Total production 540 TWh/y
of which wind<<1%
of which nuclear = 78%

•
•
•
•
•
•
•

18 nuclear units
Phasing out of nuclear
Wind capacity >20 GW
Nuke capacity 21 GW
Total production 560 TWh/y
of which wind >5%
of which nuclear = 28%
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Denmark, March 18, 2003

PART I - WIND
A BIT OF THEORY

14

ELEMENTARY PHYSICS
Power content

P

as a function of
Wind speed:
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WIND SPEED STATISTICAL
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THEORETICAL WIND RESOURCE
AT A GIVEN SITE
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MAX. RECOVERABLE ENERGY
BETZ LAW
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WIND SPEED & PRODUCED POWER
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WHAT CAN BE RECOVERED

Power (kW)
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FROM THEORETICAL TO “GROSS”
windspeed distribution
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LOSSES FROM “GROSS” TO “NET”
20-30%, according to actual weather and site conditions

Losses lowering the theoretical output are many:
 air specific gravity decreases with elevation
(up to 5% at 800 m elevation)
 site roughness: vegetation, obstacles (up to 10%)
 wake losses (up to 5%)
 electrical losses (up to 5%)
 actual vs. nominal wind turbine performance (up to 5%)
 actual machine availability
The overall capacity factor is 20-30%, i.e. 2000 hours per year, takes into
account all the factors influencing the actual power delivery to the grid.
Rule of thumb: 1 GW of installed capacity delivers 2 TWh/y
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WIND RESOURCE
• Theoretical resource is based on a calculation of the
total recoverable wind energy if all of the windy areas were
covered with wind farms irrespective of other considerations
(efficiency, cost, landscape, grid proximity, etc.)

• Actual resource takes into account the actual feasibility
of wind projects with consideration of all feasibility factors:
-

land occupation to be reasonable,
site to be acceptable to all social groups concerned,
grid connection not too far,
investment & operating costs…
only a very small fraction of the theoretical resource
can be actually captured and delivered to the grid
23

A TYPICAL WIND ATLAS
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PART II – EQUIPMENT
WIND TURBINES
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2-3 MW LARGE WIND TURBINES
typical size
• mast : 80 to 100 meters high
• rotor : 100 meters diameter
• overall : 150 meters

typical weights
• mast: 100-150 t
• nacelle: 50-100 t
• blades & hub: 30-60 t

typical power per unit (max)
• 1 to 6 MW

typical rotation speed (max)
• 10-18 RPM
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HOW IT WORKS
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VIEW FROM THE TOP….!
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ISOLATED TURBINE
AND WIND FARM
one of the largest turbines
today: GE model 3.6 MW

a typical onshore wind farm

a large offshore wind farm: Horns Rev
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A FEW SIZING CRITERIA
•

Total height
– Often limited by aeronautical legislations (max about 150 m)

•

Rotor diameter / blade length / swept area
– Largest diameter desirable to maximise swept area, but …
– Maximum blade tip speed limited below sound speed
– Maximum blade length limited by transports

•

Hub height
– Function of other criteria and lifting capabilities!

•

Offshore special criteria
– Hub height can be less, but local sea and seabed conditions are essential :
– Water depth, nature of seafloor, tide amplitude, statistical distribution of wave
height & wave direction, current speed, etc….

•

The "square / cube law"
– Recoverable energy goes like the square of dimension (swept area)
but the weights go as the cube! There is an optimum
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WIND FARM DESIGN
• Minimum spacing between adjacent machines
– because of safety
– because of wake effects

• Typical spacing distances are :
– 3 to 5 Φ cross wind
– 5 to 10 Φ down wind
The resulting areal capture potential is limited :
Typical values are around 5-10 MW/km2
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EXAMPLE: NYSTED WIND FARM
(Denmark 2003)

main data
 72 units of 2,3 MW each

Y Y Y Y Y Y Y Y Y

 i.e. 166 MW of installed capacity

Y Y Y Y Y Y Y Y Y

 8 rows of 9 turbines each

Y Y Y Y Y Y Y Y Y

 spacing 850 m between rows
 and 480 m between turbines

Y Y Y Y Y Y Y Y Y

 i.e. 30 km2 of space area

Y Y Y Y Y Y Y Y Y

 i.e. 5,5 MW per km2

Y Y Y Y Y Y Y Y Y

 6 to 13 m water depth

Y Y Y Y Y Y Y Y Y

 9 km from coast

Y Y Y Y Y Y Y Y Y
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MONTHLY VARIATIONS
Actual GWh delivered by Total’s Mardyck wind farm (12 MW installed)
Number of equivalent hours = 2288 in 2004 and 2199 in 2005
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VARIATIONS WITHIN A MONTH
Actual power delivered by a UK 10 MW farm over Jan-97 (time batches of 10’)
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COSTS OF WIND
High investment costs with little prospect of further reductions (as for solar PV)
plus cost of back-up, ignored so far but rising fast when their market share
grows beyond say 5%, say 5-25 $/MWh after the IEA

• Adequacy costs: 3-5 $/MWh because of their
poor ability to cover peak demand
• Balancing costs: 1-7 $/MWh because of the
need to perfectly match demand
• Grid integration costs: 2-13 $/MWh because
of the need to reinforce the grid and the
possible long distances to consumption zones
35
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PART III – WIND IN EUROPE
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SUBSIDIES AND COMPETITION
Can an electricity market be “competitive” if it is
heavily distorted in the name of “environment”?
In Germany, more than 50% of the electricity market is subject to some
form of government intervention: renewables and CHP supports: 2.5 G€/y;
electricity tax: 5.0 G€/y, coal/lignite subsidies: 3.0 G€/y
In Denmark, the strong wind support has created a worldwide competitive
industry (VESTAS & NEG-MICON with 2/3 MW turbines) but at the cost of
electricity tariffs that are second highest after Japan among IEA countries
In West Denmark, there are many constraints on electricity generation/use
in the name of environment: Electrical heating is forbidden; all fossil fuel
plants are used as CHP and cannot be stopped; hence, wind output must
be exported to Norway at discounted prices which do not cover costs
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WHAT TRANSPARENCY?
Full cost accounting is needed and costs
should be revealed to all end-users.
•

Promoted by the 28/01/2003 directive 2003/4/EC of the European
Parliament and the European Council on public access to
environmental information

•

New renewables have high direct costs (with little prospect of further
reductions except for solar PV) plus the cost of back-up, ignored so far
but rising fast when wind’s market share grows beyond say 5%

•

If “honest” end-users knew about the real costs of avoided CO2 by new
renewables policies compared to other non-emitting technologies such
as hydro & nuclear (or CDM projects), would they accept the former?

•

Should one accept the imposed “political correctness” of the “green
ayatollahs” who only advocate new renewables (and negative GDP
growth) rather than a greater reliance on hydro power and nuclear?
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JUTLAND-FUNEN WIND POWER
PRODUCTION IN 2001…
Wind Power Production in Jutland-Funen 2001
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…COMPARED TO WIND EXPORTS
FROM JUTLAND-FUNEN IN 2001
Wind Power Production and Net Exports from Jutland-Funen 2001
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JUTLAND-FUNEN WIND
POWER PRODUCTION IN 2002
Wind Power Production in Jutland-Funen 2002
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…COMPARED TO WIND EXPORTS
FROM JUTLAND-FUNEN IN 2002
Wind Power Production and Net Exports from Jutland-Funen 2002

MW

MW

1750

1750

Wind production and net exports
to Norway are nearly identical in 2002

1500
1250

1500
1250

1000

1000

750

750

500

500

250

250

0

0

-250

-250
0

1000

2000

3000

4000

5000

6000

7000

8000

Number of hours
Wind Power

Net Exports (50 hours average)

42

ELECTRICITY PRICES IN
WEST
DENMARK IN 2001
Electricity prices in West Denmark
01.10.2000-30.04.2001, weekdays (90 in total)
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ELECTRICITY PRICES IN
WEST
DENMARK IN 2002
Electricity prices in West Denmark
01.10.2002-27.02.2003, weekdays (66 in total)
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PRICE DISTRIBUTION
Electricity prices in West Danmark

The 65%
confidence interval
01.10.2002-17.03.2003, weekdays (72 in total)
reflects a price range of 500
to 200 which demonstrates
the sensitivity of prices
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Årlig tilvækst i anlæg og kapacitet/
Annual growth in number of turbines and capacity
AnnualDanmark/Denmark
capacity growth
700

700

600

600

500

500

400

400
300

300

200

200

100

100
2012

2007

2002

1997

1992

1987

0
1982

0

Kapacitet (MW)/
Capacity (MW)

800

1977

Antal anlæ g/Turbines

WIND DENMARK CAPACITY

År/Year
Ant al/ No

MW

46

Denmark, March 18, 2003

PART IV – WIND:
WHAT FUTURE SEES THE IEA?
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WEO-2011 FORECAST (1)
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WEO-2011 FORECAST (2)
WEO-2011 shows how expensive renewable capacity costs are
without even including the cost of back-up and grid strengthening!
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WEO-2011 FORECAST (3)
WEO-2011 anticipates a 6+fold rise of the subsidies at the
time when the world collapses under the weight of debts!
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COST OF RENEWABLES
Wind looks competitive, especially when CO2 is priced
at 30 $/t (orange) or 50$/t (green), but is the basis correct?
Optimistic?
Pessimistic?
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NEW SOLAR & WIND (GW)
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CAPACITY INVESTMENT 2010-35 (G$)
Wind ranks first at 2100+ G$, nuclear is only at 1100 G$
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INSTALLED CAPACITY (GW)
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CONCLUSIONS
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POTENTIAL COST REDUCTIONS
Technology

Current cost

Cost reductions*
by 2030

High

10-20%

Wind onshore

Moderate

5-10%

Wind offshore

High

20-30%

Solar PV

Very high

30-50%

Solar thermal

Very high

30-50%

High

5%

Relatively low

5%

Bio-energy

Geothermal
Hydro (large dams)
*After IEA and other sources
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CHALLENGES OF NEW
MODERN RENEWABLES
• Reducing CO2 and other GHG emissions is justified by the
threat of a global climate change
• But direct costs are high with little prospect of further
reductions for solar (PV or concentrated thermal)
• Cost of back-up is ignored so far but rises fast when their
market share grows beyond say 5%
• Past and present subsidies are very large with only small
benefits when compared to hydro & nuclear
• The “Green” lobby has an enormous influence: how long it
will last and how costly it will be for us?
When and where will common sense prevail?
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HOW TO LOOSE ONES WEALTH?
• Auguste Detoeuf, graduated from the French Ecole
Polytechnique wrote a book in the 1930s entitled
«Propos of O.L. Barenton, confectioner»
• One of the aphorisms in his book is about the three
ways to get broke: the funniest way being women, the
fastest way, gambling, and the surest way, engineers
• To paraphrase him, I would suggest that the three
recipes are still valid, especially for the third one with
politicians, ecologists and engineers investing in wind.
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A FEW RECENT QUOTES
•

On April 24, 2012, Simon Henry, Shell's CFO, said that Shell will not join
David Cameron's crusade to attract private sector investment into creating a
North Sea wind revolution. Despite its commitment to turbines in the US,
Shell "can't make the numbers add up to justify building offshore wind farms”

•

A leaked UK government document (March 13, 2012) reads: “The UK
envisages multiple low-carbon technologies: renewables, nuclear and CCS,
all competing freely against each other in the years to come… For this
reason, we cannot support a 2030 renewables target”

•

Late 2011, Jürgen Grossmann, the CEO of RWE, protested that "PV power
in Germany makes as much sense as growing pineapples in Alaska"
"...Solar PV is not just licking the cream off the profits of the fossil fuel
generators ... it is in fact eating their entire cake... “

•

In 2010, METI (Japan) pegged the “in-principle” range at 15-20 yen/kWh for
wind, geothermal, biomass and small hydro power plants but renewable
energy investors said in March 2012 they need higher rates of 22-25 ¥/kWh
for wind, 25.80 ¥/kWh for geothermal, and 42 ¥/kWh for solar
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THANK YOU FOR YOUR
ATTENTION AND “GOOD WIND”
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