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OFF-SHORE WIND TURBINE TOWERS IN HIGH-STRENGTH CONCRETE

  
1. INTRODUCTION

Tech-wise has investigated the possibilities of using high strength concrete (CRC) for the towers of offshore wind turbines. The investigation is part of Elsam’s research efforts regarding offshore wind turbines and is funded by the so-called PSO funds supplied by Eltra. 

 

2. BACKGROUND

With the wind turbines being erected offshore, the accessibility for maintenance of the surface coating of steel towers is becoming increasingly difficult and costly. 

Furthermore, the height and slenderness of the structure are increased in offshore applications, which in the case of steel towers increases the need for a structural vibration absorber placed in the tower or - alternatively – imposes restrictions on the working range of the wind turbine.

 

3. OBJECTIVE

The objective of the project is to investigate the technical, environmental and economic aspects of using high strength concrete (CRC) for offshore wind turbine towers rather than steel.

 

4. TECHNICAL ASPECTS

4.1 Technology.

The project is based on the material CRC – Compact Reinforced Composite – a concrete with a large content of small steel fibres and steel reinforcement. CRC is developed by Aalborg Portland A/S in 1986 and based on a large number of research projects. CRC is now sold and marketed by CRC Technology.

The research projects indicate that it can be an advantage to use CRC in off-shore applications:

· Its high strength and large ductility makes it highly suitable for structures subjected to impact.
· The durability against chloride is extremely high
· It responds well to fatigue.
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High Strength Concrete Tower

  
  Steel Tower

	Weight
	274 t
	178 t

	Eigenfrequency
	0.40 Hz
	0.42 Hz

	Vibration Absorber
	No
	Yes

	Coating
	No
	Yes

	Estimated price incl. maintenance and disposal
	DKK 2.8-2.9 mio.
	DKK 3.2 mio.


Figure 1. Main data
Since the material has not yet been used for structures as large as towers for wind turbines there is some uncertainty as to the demands that the CRC should meet to go well with large vertical formwork. During the project a special CRC has been developed at Aalborg Portland to meet these requirements, and some model tests have been performed and documented in the project. 

4.2 Design.

4.2.1 Conditions

To prepare a realistic scenario for the towers they are presumed implemented on the Horns Rev Offshore Wind Farm in the North Sea. A Vestas V80-2 MW is used – the same type as ordered for the site.

The loads are calculated by means of the FLEX5 program, which includes wave loading. 

On this stage a high-strength concrete tower and a reference steel tower is designed, the two of which are investigated and compared throughout the report. The towers are shown in Figure 1.

4.2.2 Strength

The strength of CRC is considerably higher than normal concrete. A characteristic compressive strength of 100 MPa is used. The tensile strength of the concrete is significant in CRC contrary to what is observed in normal concrete, but it is not taken into account in the report. 

The dimensioning property of the tower is the fatigue strength of the reinforcement, while the strength of the CRC-concrete is not used to its full extent due to minimal thickness restrictions for a proper production. 

4.2.3 Assemblies

The assembly must be given serious attention, since assembly could be a weak point in the structure from a maintenance point of view. Two examples of assemblies are given in the report: A bolted connection and a so-called joint-cast (concreted) connection.

4.3 Production.

The most rational production of towers in CRC for offshore application is considered to be in relatively large sections to minimise the assembly works offshore.

A method of producing wind turbine towers in CRC is introduced in the report, but CRC structures have not previously been produced on such a large scale and different techniques can come into consideration and would be relevant for further investigations beyond the scope of the project report.

4.4 Installation 

The site installation routine is not very different from that of a steel tower – even though the weight of high strength concrete towers is higher. 

4.5 Maintenance.

The maintenance costs of the tower are reduced to a minimum - compared to steel towers.

5.
ENVIRONMENTAL ASPECTS 

The environmental impact of the two choices of technology has been analysed in a Life Cycle Assessment – an assessment of the composite environmental impact generated throughout the lifetime of the product, a so-called cradle-to-grave analysis.

The analysis shows that for both types of towers the environmental impact is more severe for the production and disposal phases, whereas the environmental impact from the maintenance of the steel tower is insignificant.

The possibility of recycling the high strength concrete tower is vital to the economy of using CRC. If the tower is not recycled the environmental impact is considerably higher than for a steel tower, but if it is recycled it gives a smaller contribution to most of the environmental aspects than a steel tower as shown on Figure 2.


[image: image6.wmf]
  Figure 2. Environmental Impact

The possibilities for recycling the CRC-tower are briefly described in the report. Mechanical disintegration into gravel and recyclable iron bars is not possible for CRC because of the high strength of the concrete and the content of steel fibres. But there are other possibilities for reusing a CRC tower – in full or partially:

· land based towers for wind turbines
· harbour and coastal protection
· tunnels
· silos and
· water reservoirs
6. ECONOMIC ASPECTS 

An estimate of the price for the towers is made in the report and shown in Table 1. These prices include production, installation, maintenance and demolition of the tower and the intermediate section. The estimate of the maintenance is based on a duty life of 30 years.

	PRIVATE

	High Strength Concrete Tower
	Steel tower

	Materials
	800.000
	2.103.000

	Production
	1.125.000
	

	Installation
	525.000
	525.000

	Maintenance
	155.000
	410.000

	Demolition
	275.000
	200.000

	Total
	2.880.000
	3.238.000


Table 1 Estimate of the price.

7. CONCLUSION 

The investigations have found promising qualities of towers in CRC compared to steel towers: 

· Significantly lower maintenance costs
· Increased stiffness of the tower, which eliminates the need for a structural vibration absorber
· Lower influence on most of the environmental effects – but only if the tower is recycled
· The product costs are assessed to be on the same level as those of a steel tower, bearing in mind the lack of experience with manufacture of high-strength concrete towers
But the excellent durability of CRC could be a problem, because its duty life is likely to exceed far beyond the point where the technology of the wind turbine is outdated. As it is vital for the environmental impact of the high strength concrete tower that it can be recycled, it is important to examine the recycling possibilities in connection with the planning of wind turbines using high strength concrete.

For more information or to get a copy of the report you are welcome to contact the project manager Kim Linde, Tech-wise A/S (klh@techwise.dk).
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STÅLTÅRN

		Miljø resultat		Beregning for TÅRN-001

		Scenarium		0

		Procesliste

		TÅRN-001		Ståltårn til havmølle

		Miljøparametre

		UMIP niveau		Normalisering

		Mængde		1

		Levetid		1

		Vægtning 1		Nej

		Vægtning 2		Nej

		Vægtning 3		Nej

		Vægtning 4		Nej

		Kilde

		Fase

		Område

		Effekt

		Effektkategori

		Sted		Nej

		Statistik		Nej

		Kommentarer

		Effekt-ID+		Navn		Steel tower		CRC-tower not recycled		CRC-tower recycled		Unit

		1		Global Warming		6.12E+00		1.70E+01		6.94E+00		mPE

		2		Ozone Depletion		3.09E-03		6.02E-04		8.87E-04		mPE

		3		Acidification		1.80E+00		4.42E+00		2.32E+00		mPE

		4		Photochemical Ozone Creation		4.91E-01		1.96E+00		6.03E-01		mPE

		6		Nutritive Salt Impact		7.21E-01		1.35E+00		7.18E-01		mPE

		17		Human Toxicity		5.65E-01		2.75E+00		5.96E-01		mPE

		18		Eco Toxidity		2.23E+00		8.16E+00		1.38E+00		mPE

		19		Persistent Toksicity		2.39E+00		6.44E+00		1.77E+00		mPE

		20		Bulk Waste		1.81E+01		1.11E+02		1.80E+01		mPE

		21		Hazardeous Waste		2.31E+00		1.16E+01		1.80E+00		mPE

		22		Radio active Waste		7.61E+00		4.58E+00		2.16E+00		mPE

		23		Slags og Ashes		1.79E+00		3.07E+00		1.82E+00		mPE
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