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To reduce maintenance costs due to (extreme)
low temperature
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Why perform climatic chamber testing for wind
energy applications? )

A Electrical equipment
A E.g. Transformers,
il:rn:::l.nl_ﬁclr:.:t?::‘u:!ned its cimatic testing facility in the port of Antwerp, home to ore of Eurcpe’s SW i tC h g ear S

largst cimatic test chambers, OWI-Lad's zoal is to mest wind enemgy companies” nesds in terms of

Focus on potential cold-climate issues for wind turbine machinery

testing and walidating their products in aggrezated cimatic conditions, swch as extremely cold or hot
temperstures and varaok: humidity. Some of the lesding wird turbine component manufacturers

ingicated that they did not have acosss to publicly acoessible and approprists dimatic test chambers. | R A M h 1 | 1 %
In response to that need, OWIi-Lab imeested in 8 large 10m & Bm & 7m test chamber capaole of i | k " eC an I Ca eq u I p m ent .
hardling up to 130 tonnes ¢ \ 4

A E.g. Gearboxes

Since inaugursting the chamber in 2012, OWi-Llab has s=reed many well know companies in the |
sector and has become a full-service provider for the testing of large electrical and mechanical wind
turbime equipment. Depending on the certification process and scope of the project, testing is

tyoically witnessed either by the customer or by external parties to check the performance of 1 4 - H
equipment under conditions ranging from -50 *C to +60 "C. sometimes under load and sometimes | A Hyd rau I I C eq u I p m ent
‘ not {For exampde: no-load start-up testof s gearoox or storage test of & transformer far ] I Ve .
: | A E.g. Pitch & Yaw systems
.7
/7 I
- / A Structural components
w Fopure 1: 07 -Lab lrge cimat test chambar, pea rbon st and tramfcrmer: fet :'_____‘ I
‘ | | L
A Project devel t equi t
The need for climatic testing in the wind power industry R f’ rOJ eC eve O p m e n eq U | p m e N
& i )"
As most renewnble energy systems ane located owbdoors, sometimes in harsh conditions ranging “:): ;
from the extreme cold of Inner Mongolia, Scancinewia, Canada and Morth Dakota to the scorching W& A0 4

het ceserts of the United States and Australia, critical attention must be paid to the suitability 2nd 780 £ A CO n St r u Ctl O n to O | S

robustness of eguipment in such hostile emvironments. Mitigating the risk of potential failures

caused by extreme temperatures (differential thermal expansion, brttle materials and potentisl 4 a 4
cracks, highly visoous ils, =tc.) =arly in the development phase can belp to nedusce maintenance costs -5 ' 4 R~
in the long term. This kas besn the msin driver for 0Wi-Lab in performing temperature testing in the oo ’ A

climatic chamaer om multiple turbine oomponants Bnd Systems associated with Wind Enargy projacts. < ¢ - A O& M tO O I S
L

Content of this presentation based on recent white paper:

White paper OWI-Lab: Why performing climate chamber tests for wind enerqgy applications?



http://www.owi-lab.be/sites/default/files/White Paper OWI-Lab  - Climate chamber testing of wind energy applications.pdf
http://www.owi-lab.be/sites/default/files/White Paper OWI-Lab  - Climate chamber testing of wind energy applications.pdf
http://www.owi-lab.be/sites/default/files/White Paper OWI-Lab  - Climate chamber testing of wind energy applications.pdf
http://www.owi-lab.be/sites/default/files/White Paper OWI-Lab  - Climate chamber testing of wind energy applications.pdf
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Quick Introduction « sirris

driving industry by technology

Collective Belgian technology centre

2500 member companies

Technology innovation for/with companies
From collective projects to contract research
High tech R&D and test infrastructure
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FACTORIES OF FUTURE

SOFTWARE ENGINEERING
CLoub COMPUTING

DATA INNOVATION ADVANCED
MANUFACTURING

WORLD CLASS TECHNOLOGIES
ADDITIVE MANUFACTURING

METALS

COMPOSITES MaTERIALS MEcHATRONICS ECO-MECHAIESEES
PLASTICS & HYBRIDS SENSORIZED FUTURE
COATINGS

MODEL BASED DESIGN

NANOMATERIALS



-60°Cp +60°C

. \ =K : Wy
Laboratory for environmental testing of heavy machinery
E \ FaR A
Focus'on (extreme) cold temperatureverification testing
' Good design & good construction means reduced maintenance costs




a from lab
and field testing

Knowledge,
insight and
understanding

CAPEX reduction
OPEX reduction
Yield optimization
Risk reduction



Power plants in general are not immune for
(extreme cold) weather events




The2 011 SoOn)IUIWevaislner aandﬂbénutFUol a‘r_ Vortas&y
winter and have been a reminder that despite several years of mild
winters, colder months can occur and have a big impact if not properly

taken into account.

A Valuable lessons learned for future and existing power plants

NERC i ——

NORTH AMERICAN ELECTRIC 3w ENTITY
RELIABILITY CORPORATION Ensuring electric reliability for Texans




REPORT ON

~ — DURING THE SOUTHWEST

CoLp WEATHER EVENT Polar vortex
OF FEBRUARY I1-5, 2011 =
Review

; = Causes and Recommendations September 2014

RELIABILITY | ACCOUNTABILITY

A Valuable lessons learned for future and eX|st|ng power plants
Understandlng the risks and take them into account early In
the design phase of a wind turbine or development of a wind

farm can avoid most problems and increase resilience



http://www.ferc.gov/legal/staff-reports/08-16-11-report.pdf
http://www.nerc.com/pa/rrm/January 2014 Polar Vortex Review/Polar_Vortex_Review_29_Sept_2014_Final.pdf
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Looking back 1 year u
Wind energy as a critical electricity supply




+ 19.500 MW lost capacity:

" ''¥ Overview of forced power outages during
. the polar vortex:

Polar Vortex
Review

September 2014

v A 3 percent were associated with nuclear
'1 generation

A 26 percent of outages were associated
with problems at coal plants

A 55 percent of outages were attributed to
disruptions in natural gas supply or
REEIABII[ ACFOUNTABILITY generatlon

= A 16% others but renewable generation
3353 Peachiree Road NE (wind and solar) are not part of the

Suite 600, North Tower

404-446-2560 | werw mertcom mandatory data submittal requirements

Looking back 1 year u
Wind energy as a critical electricity supply



http://www.nerc.com/pa/rrm/January 2014 Polar Vortex Review/Polar_Vortex_Review_29_Sept_2014_Final.pdf

Looking back 1 year u
Wind energy as a critical electricity supply

A Wind and solar power are often

Wind energy saves considered unreliable A WRONG

consumers money during A FACT: Fossil-fueled plants had the most failures

the p0|ar vortex A FACT: Under extreme weather conditions,
Greg Hresko and Michsel Goggin conventional power plants regularly become
T P e e more intermittent than (fluctuating) renewables

January 2015

FACT: Energy markets experienced major
disruption during the 2014 polar vortex due to
the unexpected shutdown of power plants and a
run-up in natural gas prices caused by supply
shortages

FACT. 6 Ch e a p énergyi helpkd to moderate
the disruption and keep electricity prices from
skyrocketing further

ADVICE: Make sure wind turbines and
their components are capable of performing
reliable in such conditions

ig


http://awea.files.cms-plus.com/AWEA Cold Snap Report Final - January 2015.pdf

2011Southwest Cold Weather Event

Background - Unusually cold and windy weather during the
first week of February 2011 resulted in:

A IncreasedEnergy Demand (additional winter peak demand)

A Generation losses in different power plant assets dug to
FNRI SY SljdzZALIYSYyas t2¢ GSYLIS

A 225 units tripped, derated or failed to start.

A 1.3 million customers lost power

ig



2011Southwest Cold Weather Event

A Except for nuclear facilities, all power plant types including
coal/lignite, simple cycle gas, combined cycle gasl wind
resources experiencegroblems

A Mostly coal & gas power plants

A Frozen equipment & water lines ; cabinéeating elements
failed ; Insulation removed, damaged, not adequate ; Heat
traces failed or not adequate ; Blade Icing; Low tencpitoff

limitationsT X
A this is reason why wextensively test & validate ! 'W



Conventional power plants and their problems
during extreme cold if not properly taken into account

—e

2011: Frozen valves: Insulation not re-installed for winter
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Conventional power plants and their problems
during extreme cold if not properly taken into account
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Challenges with turbines in cold climate

A Yield- Production losses Efficiency
A Icing effect on blades
B A Longer time for starup ¢ cold startup time
’ . A Effect op parasitic power consumption
;,': A Reliability & Robustness

A Additionalloadson certainO2 YLI2 Yy Syida oofl RSa
A Early failure of certain components due to temperature effects
A Effect of cold climate on expected lifetime

A Maintainability & Operational Safety
A Limited accesgcold, snow, ice builtip and icethrow, weather limits)

A Special tools
A IncreasedD&M-costs




Lubrication

Frozen Equipment (General): Many other critical systems besides
sensing lines experienced problems from the low temperatures. These
included emissions systems. feedwater systems. control air systems.
lubricating oil systems. and the like. Emissions systems sometimes rely on
water. which is susceptible to freezing. Control air systems contain

\ moisture-laden air: if the moisture is not removed. freezing can occur.
Changes in the viscosity and properties of lubricants that are not kept at
specified temperatures can adversely affect the operation of equipment.

v Two units at one plant were derated when the NOx water storage
tank lines froze.

v At a City of Garland unit. 78 MW were lost from a draft fan failure.
which was caused by frozen damper controls Fmd a resulting low air
flow trip.

v A wind facility lost six units when lubricating oil fell below the
minimum operating temperature and automatically tripped the units.


http://www.ferc.gov/legal/staff-reports/08-16-11-report.pdf

Blades & Icin

~ DURING THE SOUTHWEST
CoLp WEATHER EVENT
OF FEBRUARY I1-5, 2011
_ Causesand Recommendations

Prepared by the Staffs of the
: Regulatory

AucusT 2011

Blade Icing: Blade icing caused problems for wind generators.
Precipitation and condensation during cold weather can cause layers of ice
to form on turbine blades. causing potential balancing. bearing. and other
equipment problems (as well as safety problems resulting from “ice
throws™).

v Turkey Track Wind Energy lost 27 turbines and 40.5 MW of
capacity during the event due to blade icing problems.


http://www.ferc.gov/legal/staff-reports/08-16-11-report.pdf

Low Temperature Limits: Wind turbines are typically designed to operate
within a designated range of temperatures. and have an automatic shutdown
feature to protect their components if the range is exceeded. Although
manufacturers offer a “cold weather package™!” that allows a turbine to
continue operating in colder temperatures. it does not appear that the
package is used in the Southwest.

v" McAdoo Wind Energy suffered outages of 90 of its 100 turbines
when the turbines. designed to shut down when the temperature
drops below five degrees. performed as expected. Although
McAdoo’s turbines restarted automatically when the temperatures
rose above the shutdown point. other units. such as Bull Creek
Wind. did not come back online as temperatures rose.
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http://www.ferc.gov/legal/staff-reports/08-16-11-report.pdf

Generation outage by cause

GW Outage by Cause

*Number of units offline.

®2011 m2014
108*
22* 17+
32 .
23
. 2 . 23
* * *
s o 510 -2 I
External Failed Human Protection
Emissions Fuel Equipment Fr.azen Error Other System Tem;:::ture
Restriction Equipment Limi
imit
Source: ERCOT Region Cold . e watiny
Weather Lessons Learned - ENTITY

Ensuring electric reliability for Texans
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Also wind turbine have not been immune for
the cold weather snaps

1 &/00f the wind units failed in ERCOT
(Electric Reliability Council of Texas )

A 709MW due to icing
A 1,237MW due to exceeding turbine
temperature limits or other reasons




Shift from standard wind turbines to

according to their climate classification

gt ai |

or ed

—> Cold weather packages: extended limits & heating

Offshore wind turbines

A Corrosive environment

A Humidity & Rain

A Strong gusts & heavy wind loads
A Wave impacts; low freq. vibrations
A Vibrations due to wind loads

CCV wind turbines

A (Extreme) cold temperatures40°C;-45°C
A Icerain & icing

A Heavy wind loads

A Snow

A Vibrations due to wind loads

HCV wind turbines

A (Extreme) hot temperatures : +£&; 50C;
A Sand & dust

A Vibrations due to wind loads

A Solar radiation

W |




Operational temperature limits -10°C

Survival temperature (stand still) -20°C

/ 1) GL: Germanischer Lloyd
Existing definitions and standards
-40°C -30°C -20°C -10AC 0°C 15°C

.

Cald weather pagkage

Standard turbine

\ —— .

A E x t tenmpdrature ranges, using 200 kW to 300 kW paraS|t|c power per
turbine at conditions below 7 20C for heating components such as the
= nacelle space, yaw drive and pitch motors, and the gearbox, slip ring,

controller and control cabinet,andbat t er y o
I SRR 3 T A : - = : -~




| pbCol d weat her p aofvira guedbinet e
components to ensure reliability and mitigate risk
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2011Southwest Cold Weather Event

Lessons learned:

Accordingl 2 b @ doksshot appear
that coldweatherpackagesvere used In
0 KS { 2 ddirikgstie 201 E eventt
recommendghat all entitiesinvestigate
the purchase of these packages
preparation for extreme cold events.

ig



Also wind turbine have not been immune for
the cold weather snaps

.
Polar vortex u 6/01/2014

A100O0MW cutoutis cddie to

Apbmodel s reaching their
temperatures according to the federal energy




How to Increase resilience and
mitigate the Risk?

1) Design classification and realistic
cold climate requirements for wind turbine



__________ LAcceptance testing
Pl

______ -L System testing 7
Pk

—Llntegration testing7
N Vi

@omponentdesign} = -@omponent tes tingﬂ
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Z Development 7




How to Increase resilience and
mitigate the Risk?

2) Testing and validation in controlled laboratory
conditions under realistic climatic conditions to find
weak links In components and assemblies , early In
the design phase
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