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With sales of EUR 11.9 billion in 2016, Covestro is among the world’s largest and most 
innovative chemical companies. It successfully went public on the DAX in 2015. 

Our global presence and close proximity to our customers make us the partner of 
choice for a wide variety of industries. Our products and application solutions are 
used in many areas of modern life. The main industries we serve are automobile, 
electrical & electronics, construction and sports and leisure. Covestro, formerly Bayer 
MaterialScience, contributes to making the world a brighter place through material 
innovation.

The future belongs to renewable energies, as their use is seen as an important step 
towards tackling climate change. Wind power alone could theoretically meet all of 
the world’s energy needs, but this clean electricity still needs to be more efficiently 
generated.  Covestro is paving the way with innovative materials for the rotor blades, 
towers and cables of wind turbines, and thus speeding up the implementation of cleaner, 
low-carbon solutions.

As the inventor of polyurethane (PU), Covestro cooperates with partners around the 
world to develop a wind turbine blade featuring PU resin. As our highly innovative PU 
resin offers significant advantages over the traditional resins, it will take blade production 
onto a higher plane.

True to its commitment to the UN’s Sustainable Development Goals (SDGs), Covestro 
is well positioned to address this growing market demand by offering an alternative 
material for the production of wind turbine blades.

Polyurethane – a versatile material for 
a wide variety of applications
Since Dr. Otto Bayer invented polyurethane in 1937, it has become a versatile material found 
in many applications in daily use by people all over the world – refrigerators, cars, furniture, 
and buildings, to name just a few. Polyurethane helps to save energy, increase safety, makes 
lives more comfortable and contributes significantly to the quality of modern life. 

Pushing the boundaries to accelerate 
renewable energy adoption

Covestro – 
Making the World 
a Brighter Place
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In recent years China has led the global wind market. In 2016, it was the world’s number one in 
accumulative and newly installed wind power capacity – around 43 percent of the global wind energy 
industry’s newly installed capacity. 

As an indication of how the market for renewable energy is growing in Asia-Pacific, 20% of future energy 
consumption in China is expected to come from renewable energies. With most countries in this region 
committed to greenhouse gas emission reductions and a partial decarbonization of their economies, the 
green bond market has grown rapidly. This is clear proof of a willingness to invest in renewable energy 
projects, particularly as regulatory policies and fiscal incentives are supporting the industry’s growth.

Global cumulative installed wind capacity will increase from 280GW (5%) in 2012 to 2000GW (14%) in 
2040.

According to the Global Wind Energy Council (GWEC), the total installed capacity is estimated to 
exceed 800 GW by the end of 2021, with annual newly installed capacity rising to 75 GW.  Wind power 
penetration levels continue to increase, led by Denmark with over 40 percent and Germany with 16 
percent.

Global wind industry on 
growth course
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Bigger turbines bringing material design and 
performance challenges 

Offshore wind energy attracting more 
attention

As the power of wind turbines increases, so does the blade length. Since the power output of a turbine 
is proportional to the area swept by the blades, longer blades yield more power. However, longer blades 
bring new design and manufacturing challenges. Further investment in R&D for new materials that can 
meet these requirements is needed, and Covestro is developing solutions that specifically address blade 
manufacturers’ needs.

In Europe, the sharp drop in the cost of offshore wind power has reduced the 
price of electricity generated by this means to below €100/MWh, thus achieving 
the target expected in 2020 ahead of schedule. As costs decrease, the wind 
energy industry is deliberating how to rapidly develop offshore wind energy. The 
repercussions have been felt across the world, not only in Europe, but also in Asia 
and North America.

Using polyurethane resin offers possibilities to optimize blade design and enable 
lighter and longer blades which are best suited to offshore and long wind speed 
regions.

China’s wind industry moving to low wind speed 
region
China’s wind industry is moving to the mid-east region of the country where wind speeds are lower. To 
effectively capture low-speed wind and enhance generation efficiency, tower height and blade length 
have been steadily increasing, which imposes higher demands on the blade material, and opens up new 
opportunities for R&D and new materials.

Global installed Wind power capacity 2000-2016
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Polyurethane balancing material
P22-23

Polyurethane coating systems 
P24-25

Polyurethane elastomers
P26-27

Polyurethane infusion resin systems
P10-P21Applications of 

polyurethane in 
the wind energy 
industry
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Covestro’s high-
performance polyurethane 
infusion resin system is 
specially suited to the 
vacuum infusion production 
of large wind turbine blades. 
This innovative material 
solution makes lighter, 
longer and stronger blades 
possible – and offers several 
distinct advantages.

High-performance 
polyurethane infusion 
resin systems

Improved Productivity

Low viscosity, faster infusion speed
Faster curing, improve productivity, 
less investment
Lower exothermic, faster /safer 
production 

Superior Performance

Superior interface with glass fabric 
Excellent mechanical performance 
Superior fatigue resistance
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Superior performance 
enables lighter blades with 
optimized design
The interface bonding performance between polyurethane resin 
and glass fiber is superior to epoxy with glass fiber. Both neat 
resin (casting) and glass fiber composites (FRP) of polyurethane 
resin feature much better mechanical properties.

Superior interface bonding performance of polyurethane resin and glass fiber 

Properties of polyurethane resin FRP-unidirectional glass fiber TM+ glass 
(EKU1200(0)PU(TM+))

Property
Tensile strength
Tensile modulus

Strain
Compressive strength
Compressive modulus

Strain
Tensile strength
Tensile modulus

Strain
Tensile strength
Tensile modulus

Strain
Shear strength
Shear modulus

MPa
GPa

%
MPa
GPa

%
MPa
GPa

%
MPa
GPa

%
MPa
GPa

1200-1400
49-52
2.0-3.0

1100-1200
50-52
2.0-3.0
60-70
16-20
0.4-0.5

200-250
18-22
2.0-3.0
70-80
5.0-6.0

Item Test method Unit Data range FWF%

76-78

76-78

76-78

76-78

76-78

DIN EN ISO 
527-5 Type A

DIN EN ISO 
527-5 Type B

DIN EN ISO 
14126 Form B

DIN EN ISO 
14126 Form B

ASTM 7078

0° Tensile property

0° Compressive 
property 

90° Tensile 
property

90°Compressive 
property 

Inter-laminar 
shear

Properties of Neat polyurethane resin
Item
Tensile strength

Tensile modulus

Elongation at break

Bending strength

Bending modulus 

MPa

GPa

%

MPa

GPa

75-90

3.0-4.0

4.0-6.0

130-150

3.0-4.0

Unit Result Test method

DIN EN ISO 527-2

DIN EN ISO 178

0° Glass fiber electron microscope scan

90° Glass fiber electron microscope scan
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Properties of polyurethane resin FRP-triaxial glass fiber E-glass 
EKT1250(0,+/-45)PU

Property
Tensile strength
Tensile modulus

Strain
Compressive strength
Compressive modulus

Strain

MPa
GPa

%
MPa
GPa

%

700-800
30-31
3.0-4.0

700-800
35-37
2.5-3.5

ItemTest method Unit Data range FWF%

74-76

74-76

DIN EN ISO 
527-5 Type A

DIN EN ISO 
14126 Form B

0°Tensile 
property 

0°Compressive 
property 

Properties of polyurethane resin FRP-biaxial glass fiber E-glass 
(EKB800(+45/-45)PU)

Property
Tensile strength
Tensile modulus

Strain
Compressive strength
Compressive modulus

Strain
Shear strength
Shear modulus

MPa
GPa

%
MPa
GPa

%
MPa
GPa

180-200
16-78
12-15

200-240
16-18
5.0-6.0
60-80
5.0-6.0

ItemTest method Unit Data range FWF%

76-78

76-78

76-78

DIN EN ISO 
527-5 Type A

DIN EN ISO 
14126 Form B

ASTM 7078

0°Tensile 
property 

0°Compressive 
property 

±45° Shear

Properties of polyurethane resin FRP-unidirectional glass fiber 
E-glass (EKU1150(0)PU)

Property
Tensile strength
Tensile modulus

Strain
Compressive strength
Compressive modulus

Strain
Tensile strength
Tensile modulus

Strain
Tensile strength
Tensile modulus

Strain
Shear strength
Shear modulus

MPa
GPa

%
MPa
GPa

%
MPa
GPa

%
MPa
GPa

%
MPa
GPa

1100-1300
47-50
2.0-3.0

1100-1300
50-52
2.0-3.0
60-70
16-18
0.4-0.5

200-250
18-22
2.0-3.0
60-80
4.5-6.0

Item Test method Unit Data range FWF%

76-78

76-78

76-78

76-78

76-78

DIN EN ISO 
527-5 Type A

DIN EN ISO 
14126 Form B

DIN EN ISO 
527-5 Type B

DIN EN ISO 
14126 Form B

0° Tensile property

0°Compressive 
property

90°Tensile 
property

90°Compressive 
property  

Data source：IMA Dresden Test Report B027/16.2

Data source：Windnovation
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Thanks to optimized design and an improved glass fiber laminate structure 
it is now possible to manufacture lighter and longer blades.

PU-Tot-1on1-1:1 Substitution PU-Tot-opt-Optimized Design

Excellent fatigue property of PU resin

Statistical evaluation of the S-N curve,R=-1,test series B027/16-
EP02-SNC

Slope exponent of the S-N-curve:

σa at 106 load cycles (50 % S-N-curve) [MPa]:

Coefficient of correlation:

Regression equation (50 % S-N-curve):

Quantile factor ks (scatter of unknown) for n = 16:

12, 9

351,3

r = -0,951

y = 1022,5·x-0,0773

2,52

Statistical evaluation of the S-N curve,R=-1,test series B027/16-
EP02-SNC

Slope exponent of the S-N-curve:

σa at 106 load cycles (50% S-N-curve) [MPa]:

Coefficient of correlation:

Regression equation (50% S-N-curve):

Quantile factor ks (scatter of unknown) for n =16

12.1

304.7

r = -0,972

y = 954,9·x-0,0827

2,52

Fatigue property of PU resin Fatigue property of epoxy resin

Inter-laminar shear ASTM 7078

Maximum overall IFF efforts

Original
PU-1on1

PU-opt



Besides faster curing time, polyurethane resin has lower 
exothermic peak than epoxy resin, thus reducing the impact on the 
PVC foam core.
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Fast curing cuts production time and costs

The fast curing time of polyurethane resin means no post-curing is needed so the production 
efficiency of wind turbine blades can be enhanced. The diagram below shows how polyurethane 
resin can reduce the production time for a spar cap, for example. 

EP-based 
sparcap

PU-based 
sparcap

Glass fiber laying Preparation Infusion Curing De-molding
1 2 3 4 5

Low viscosity, faster infusion
Polyurethane resin has a lower viscosity and better fluidity than epoxy resin, which can result in a 
faster infusion speed. When used for thick layers or heavy area weight of glass fiber fabrics, the 
amount of polyurethane resin infused is much higher than that of epoxy resin under the same time 
conditions.

Improved productivity with 
low viscosity and fast curing

Viscosity curve of  polyurethane and epoxy resin at different temperatures

Time, min

100g resin mixture in constant water bath 

Exothermic peaks of PU resin and EP resin at different temperatures

Exothermic peaks of thick layer (50 layers UD glass fiber fabric)
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Compatibility of polyurethane
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Polyurethane resin is compatible with various materials. When working with epoxy resin, 
structural adhesive and core materials, for example, polyurethane resin displays excellent 
mechanical properties.

PU and EP – good bonding performance 

The applications of polyurethane in wind blades can be tailored to customers’ needs. Polyurethane can be 
used for manufacturing not only the whole blade, but also for spar caps, shear webs or other pre-fabricated PU 
components, while using epoxy in other parts.

The interfacial lap shear strength between polyurethane resin and the polyurethane substrate is higher than 
that between epoxy resin and the epoxy substrate.

Blade structure

SHEAR WEB

COATING

SHELL
SPAR CAP

CORE MATERIAL

Covestro Innovative Polyurethane Solutions
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0
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23.02 24.02

32.66

    EP resin + substrate     EP resin + PU substrate  PU resin + PU substrate

Shear strength of resins

Data source: Covestro material testing center 
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Certification and blade test

Material 
certification

Blade test
The 2 MW blade with 
a PU-infused spar 
cap and shear web 
has passed static and 
fatigue tests. 

Covestro’s innovative 
polyurethane resin 
has been certified by 
DNV GL.

Thanks to its higher resin strength polyurethane works well with glass fiber, creating a 
higher bonding strength between PU resin and the EP structural adhesive.

Higher bonding strength between PU resin and EP structural 
adhesive

Better interfacial lap shear fatigue properties between PU resin and EP base

Slope exponent of the S-N-curve:

σo at 106 load cycles (50% S-N-curve) [MPa]:

Coefficient of correlation:

Regression equation (50% S-N-curve):

Quantile factor ks (scatter of s unknown) for n=16:

15,7

9,7

r = -0,913

y = 23,2·x-0,0635

2,52

interfacial lap shear fatigue (PU resin + EP resin) 

Slope exponent of the S-N-curve:

σo at 106 load cycles (50% S-N-curve) [MPa]:

Coefficient of correlation:

Regression equation (50% S-N-curve):

Quantile factor ks (scatter of s unknown) for n=14:

11,9

8,9

r = -0,973

y = 28,6·x-0,0841

2,61

interfacial lap shear fatigue (EP resin + EP resin)

Data source：IMA Dresden Test Report B173/16

Shear strength between resin subtrate and EP structural adhesive

3mm 0.5mm

25.3

29.4
32.5

36.1

Mpa

40
35
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25
20
15
10

5
0

Data source: Covestro material testing center 

EP adhesive + EP substrate

   EP adhesive + PU substrate



Flexible
hose

Static mixer

Comp.A Comp.B

Covestro developed a two-component polyurethane system to avoid 
such hazards. Its key features are:

BAYFLEX® 1860-A-53D
Dynamic Properties
Density
Glass transition temperature
Coefficient of linear  thermal expansion 2.run
-30℃to30 ℃
23 ℃to55℃

-20℃to100℃

Mechanical Properties 
Hardness
Tensile strength
Elongation at max load
Tensile strength at break
Elongation at break
E-modulus (Tensile)

2.36 ±0.02
-28±2

153.7
165.0
164.3

53 ±2
3.2
21.8
3.2
22.3
31.6

g/cm3

℃

ppm/k
ppm/k
ppm/k

SHORE D
Mpa
%
Mpa
%
Mpa

DIN EN 61006

ASTM D 696-91
ASTM E 831
TM 900026

DIN 53505
DIN EN ISO 527
DIN EN ISO 527
DIN EN ISO 527
DIN EN ISO 527
DIN EN ISO 527

Value Unit Standard
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Turbine blades have to be balanced before they are mounted, 
or severe vibration and damage to the turbine wil l  occur. 
Traditional balancing methods such as lead or steel have several 
disadvantages. Besides, as conductors they also attract lightning, 
which can have disastrous effects in a thunderstorm.

Accurate blade structure, smooth turbine operation    

Two-component 
polyurethane 
balancing material

• User friendly
• Accurate counterweight
• Free of heavy metals
• Mixing ratio customizable    
   to metering unit used



Polyurethane 
coatings for 
wind turbines

As wind turbines are exposed to the forces of nature, they 
require heavy-duty surface protection. That is why Covestro 
has developed coating systems for a variety of operating 
conditions. 
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Outstanding Performances
• Pass rain erosion tests
• Excellent abrasion resistance
• Strong adhesion
• Tough but flexible
• Long term weathering 
   stability

Hign Productivity
• Fast recoatable time
• Hign Blister Free Film 
   Thickness(BFFT)per coat

Environmentally Friendly
• Based on 2K waterbome 
   polyurethane and Pasquick™ 
• Low VOC

Under complex operating 
conditions the leading edge 
of blade is most vulnerable to 
erosion, which not only affects 
generation efficiency but even 
impacts blade safety in the 
case of serious erosion. Hence, 
the leading edge of blade must 
be well protected. Together 
with its partners, Covestro has 
developed professional-quality 
protective coatings for the 
leading edge of a turbine blade.

• Higher productivity: shorter  
   drying time improves output 
   efficiency
• 30% lower VOC emissions
• Higher quality 

Blade coatings Tower coatingsEdge protection 
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Proven elastomer power

Decisive advantages

Cast PU elastomer 
applications

Baule® machines 

Offshore wind turbines are often installed at distances 
of 10 km and more from the shore to minimize visibility. 
Subsea power cables are used to interconnect the wind 
turbines with the onshore power grid. Covestro supplies 
elastomer materials for high-performance connections and 
sustainable cable protection, both of which are needed for 
such highly demanding subsea applications.

The cable protection solutions 
involve several  appl icat ions, 
such as stiffeners for damping 
movement, bend restrictors for 
lockout protection and split pipes 
for ballast and stability. 

B a u l é ®  m a c h i n e s  co m b i n e  p rove n  i n - h o u se 
technology with molding experience. Operators 
use these productive and efficient units as a cost-
effective way of achieving improved efficiency when 
processing cast polyurethane elastomers. Covestro 
has specially developed a version of its equipment for 
producing wind turbine parts.

All Baulé® machines meet the requirements of 
successful cast polyurethane molding, i.e. reliable 
material preparation, precise metering, optimal mixing 
technology and the highest possible process control. 
Covestro offers a comprehensive range of machines 

Polyurethane 
elastomers

Tailored cast PU 
elastomer solutions
To help ensure safe and reliable energy generation, 
Covestro recommends systems based on its well-
known Desmodur® and Baytec® technologies. The 
systems developed deliver highly robust elastomers 
suitable for resisting severe offshore environmental 
conditions. Covestro has contributed extensively to 
developing dedicated chemistry and the appropriate 
processing for manufacturing high-performance 
subsea cables connections and protection solutions.

Covestro’s Desmodur® and Baytec® products offer 
decisive advantages over other plastic resins in 
terms of physical properties, including impact and 
hydrolysis resistance. Thanks to their robust high-
performance properties, components made from 
Desmodur® and Baytec® products boast a long 
service life and low maintenance costs – powerful 
attributes for an industry heavily focused on reliability, 
efficiency and cost management.

and peripherals that enable polyurethane parts of all 
sizes to be manufactured. Specifically designed to 
process an extensive range of hot cast polyurethane 
systems, Baulé® machines comes in compact, universal 
and advanced product series ranging from cost 
effective to highly sophisticated.

At Covestro we are constantly striving to enhance 
our Baulé® machinery portfolio and proficiencies. 
Numerous peripherals are available to satisfy specific 
technical and process requirements, as well as to 
increase flexibility and expand production capabilities.




