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Offshore  wind tu rb ines  of ten  sta nd nearly  500 feet  above the grou nd and produce
eno ugh en erg y  to  power  around 4 000 homes in  the  US.  But  o f f  th e  east  coast ,
increasin gly  de va stat ing  At lant ic  hurr icanes  pose r isks  to  the  structu re s .  Th at ’s
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somethin g a  tea m o f  researchers  in  Colorado is  hoping to  change .  Luc y  Pao is  a
Palmer  En dowed Chair  in  the  Department  of  E lectr ical ,  Compute r  and Ene rg y
Eng ineer in g at  CU Bo u lder.  Sh e  jo ined us  to  talk  about  making ne w  i nnovat ions  that
could help  make wind tech nolog y more hurr icane res i l ient .  

Q: HOW DO TYPICAL OFFSHORE WIND TURBINES OPERATE RIGHT NOW?

A:  99% o r  more of  o f fs h ore  wind t urbines  have a  f ixed bottom,  whe re  the  tu rbi ne s  are
bui l t  a l l  the  way down  in to  the seabed.  The y are  typical ly  ver y  large  and feature
three blades  in  f ro n t  o f  the  tower,  so  the  wind comes through the  blade s  f i rst ,  and
then the y go aro u n d the tower.  

Turbines  are  gett ing  la rger  a n d la rger  due to  some economie s  of  s cale  s ince th e cost
of  energ y  can b e reduced by  going to  larger  turbines.  And of  co urs e,  we  want  ver y
eff ic ient ,  low-co st  win d energ y  in  an ef fort  to  have more rene wable  e ne rg y  adopted
and to  combat  c l im ate  chan ge.

Q: WHAT WOULD YOU SAY IS THE BIGGEST CHALLENGE WITH THOSE
TURBINES?

A:  A s  we get  to  larger  an d larger  turbines,  there  are  chal lenges  be cause  th e blades
are  ver y  long,  and th ere  is  s o m e f l exibi l i ty  in  the  blades,  so  the y have to  be
con trol led ver y  wel l  s o  that  th e se turbines  can last  20  or  mo re years  out  in  th e  f ie ld.
There's  a  lot  of  a nalys is  that  go es  into  the designs  to  ensure  that  the s e turbines  wi l l
be  rel iable,  safe,  a nd a ble  to  l ast  for  a  long t ime.  

Q: CAN YOU OUTLINE WHAT MAKES THE SEGMENTED ULTRALIGHT
MORPHING ROTOR TURBINE DIFFERENT THAN TRADITIONAL TURBINES?

A:  I  was  part  of  a  la rge  team on t his  project ,  which was cal led the  SUMR (Segmented
Ultralight  Morp h in g Rotor)  project ,  where  we were  designi ng 13-megawatt  to  50-
megawatt  turb ines,  and we we re  explor ing ver y  l ightweight  rotor  desi gns  that  are
downwin d of  the  tower.  So  ima gine then the turbine is  essent ial ly  faci ng th e othe r
way.  The wind hits  th e  tower  a nd then goes  through the rotor  blade s.  And by  having
the turbine facing downwin d,  we can al low the blades  to  be  l ighte r  be cause ,  in
general ,  the  wind wi l l  b e  blow i ng  the blades  away from the towe r  instead of  towards
it .  By  going l ig hter  weig h t ,  th at 's  l ess  mater ial  needed for  th e  rotor,  w hi ch  is  le ss
capital  co st ,  an d we can  a ls o  e ssent ial ly  a l low the blades  to  f lex  and be nd i nto  th e
wind.  So  overa l l ,  there  a re  fe wer  structural  stresses  in  the  blade  i n  the se  h igh wi nd
situat ions.  An d that  wa s  a  concept  that  we explored in  this  project  to  s ee  i f
downwin d roto rs  cou ld have a dvantages,  especial ly  at  a  large  scale.

https://www.colorado.edu/today/2022/06/15/inspired-palm-trees-scientists-develop-hurricane-resilient-wind-turbines
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Q: HAS THIS NEW DESIGN BEEN TESTED?

A:  One o f  the  ea r l ier  desig ns  t hat  we had was a  13-megawatt  s cale ,  downwi nd,  l ight ,
l igh t  rotor,  and we a ctua l ly  g ra vo -aero -elast ical ly  scaled down th at  desi gn.  So th at
design  at  the  3 0 -megawatt  scal e  had 105-meter- long blades,  and th en we  s cale d i t
down to  20% sca le.  

We were  able  to  f ie ld  test  th os e at  the  National  Renewable E nergy L a boratory  at
one of  their  Turbin e Research platforms.  This  test  s i te  gets  real ly  strong wi nd
con dit io n s.  Wind s peeds ha ve rea c hed be yond 110 miles  per  hou r  and get  ver y
turbulent .    We tested th is  l ig ht weight  two -bladed concept  betwee n 2019 and 2021,
and the f ie ld  tests  did  s h ow t hat  we can achie ve that  downwi nd  load al ignm ent  to
reduce the stres s  within  the b lades.  We were  able  to  show the  d ownw ind concept ,
l igh tweight  rotor,  and ha ving  t he blades  on the turbine over  the  last  fou r  years .  

Q: I  READ IN ANOTHER ARTICLE THAT YOU WERE BIO-INSPIRED BY PALM
TREES. SO IS THAT WHERE THE WHOLE DESIGN IDEA TOOK SHAPE?

A:  Palm trees  ca n  often su r vive  hurr icanes,  r ight?  And the y natu ral ly  k i nd of  be nd
and move with  th e win d.  A nd t he y sur vive  these ver y  strong tropi cal  storms ,  whereas
large oak trees,  whi le  th e y  se em real ly  strong,  can be uprooted in  h urr i canes.  And so
we wanted to  go with  that  l ig hte r-weight ,  palm tree  design.

Q: I  LOVE THE IDEA BEHIND THAT. YOUR RESEARCH GROUP HAS BEEN
WORKING WITH THE UNIVERSITY OF OLDENBURG IN GERMANY TO ASSESS
SENSORS THAT CAN SCAN WIND CONDITIONS AHEAD OF THE TURBINE TO
MEASURE THE WIND COMING IN ADVANCE OF THE CONTROLLERS AND
RESPOND ALMOST BEFORE IT HAS HIT THE TURBINE. THIS SOUNDS LIKE IT
HAS APPLICATIONS BEYOND JUST MAKING THEM MORE HURRICANE
RESISTANT, BUT ALSO MAKING THEM MORE EFFICIENT. IS THAT ALSO A
GOAL? 

A:  Yes,  the  way that  wind turbines  are  usual ly  control led is  th e y  u se  fe edback
sensors.  So the y ' re  sen sing th e  rotor  speed and such and res ponding to  the  wind
con dit io n .  So us u al ly,  i f  th ere's  a  gust  that  comes through,  you don't  k now that  th at
gust  has  come through unt i l  you see i ts  ef fect  on the rotor.  B ut  by  usi ng the se
for ward- looking  s enso rs,  m eas uring the wind speeds ahead of  th e  tu rbi ne for  the
wind impacts  the  turb ine,  th e y  pa ir  the  wind turbine to  better  brace  for,  for  instance,
var ious  gusts .  A n d so  th e idea  is  to  be  able  to  operate  the turbi ne  m ore e f fe ct i vely
knowin g the wind co ndit ion s  that  are  coming.  

https://www.nrel.gov/
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Q: IN AREAS WITH A LOT OF WIND VARIABILITY, HOW DOES THAT AFFECT
MOST TURBINES? DO THEY ACTUALLY TURN OFF IF THERE'S TOO MUCH
WIND OR ON WHEN THERE'S NOT ENOUGH?

A:  Yeah,  so  i f  the  wind s peeds are  too strong,  the  turbines  wi l l  be  s hut  down,
pr imari ly  just  to  redu ce stru ctural  loading.  In  those s i tuat ions,  once  w ind speeds get
too high,  you're  pitch in g  th e bl ades  so  that  you're  lett ing  as  m u ch wi nd go by,  and
then the brakes  are  a ls o  pu t  on.  So you're  essent ial ly  just  t r y i ng to  have the  turbine
brace i tsel f  throu g h  a  storm.  O n the opposite  s ide  of  the  spectru m ,  i f  th ere 's  not
eno ugh wind,  then  the tu rb ine al so  wi l l  brake.  

Q: AS OUR CLIMATE HAS EVOLVED, ENERGY TECH HAS HAD TO EVOLVE WITH
IT. OBVIOUSLY, WIND TURBINES TODAY LOOK MUCH DIFFERENT THAN THEY
DID DECADES AGO. SO, WHERE DO YOU SEE WIND TECHNOLOGY IN 50
YEARS?

A:  I  th ink  in  50  years ,  th ere  w i l l  be  a  lot  more of fshore  wind,  in  part icular,  f loat ing
offshore  win d tu rbin es,  th is  i s  where  wind turbines  are,  perhaps  fu rthe r  out ,  and in
part icular  over  deep water.  And o nce you get  into  deep enou gh  wate r,  the n i t  doe sn't
make economic  s ense to  h a ve t he turbine dr i l led al l  the  way down to  th e ocean f loor.
Basical ly,  the y're  o n thes e f loat ing platforms,  and the ent ire  turbine  can move.  And
so then the contro ls  in vo lved in  terms of  keeping that  turbine  u pri gh t  and also  tr y i ng
to maximize  th at  power  pro duct io n gets  more complicated.  

MORE WEATHER NEWS

MEET HEAT WAVE ZOE

Se v i l le ,  Spain  has  unvei led a  ne w heat  wave ranking system that  inclu des  us ing a
naming system for  th e  most  se vere  waves  in  a  s imi lar  manner  to  h u rr icane s.  Whi le
the three -t iered s ystem is  th e  f i rst  of  i ts  k ind to  include a  nami ng syste m ,  othe r
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coun tr ies  as  wel l  as  so me U. S.  states  are  fol lowing suit  and launch ing s y stems of
their  own.  Each t ier  is  Se v i l le’s  system has  speci f ic  cr i ter ia  rangi ng f rom dayt ime and
nightt ime temperatu res,  h um idit y,  and more.  This  year,  names w i l l  m ove  in  re vers e
alphabetical  order  beginnin g w i th  Zoe.  Next  up,  Yago,  Xenia,  We nce s lao and Vega.
Read More >> >

HUMANS AREN'T AS HEAT RESISTANT AS WE THOUGHT

A s heat  waves  and reco rd- b rea k ing high temperatures  continue  to  s we lte r  across
parts  of  the  wo rld,  experts  are  l ea rning that  humans might  not  be  as  re s i l ie nt  to
sur viv ing extreme h eat  a s  pre v io usly  thought .  Human exposure  to  extre m e heat  has
tr ipled global ly  s ince the ea r l y  1980s,  and we’re  a lready seeing an i ncreas ing tol l
f rom the soar ing  temps l ike  h eat  stroke or  exhaust ion.  Scient ists  est i m ate d a
theoret ical  heat  stress  l imit  at  a  wet  bulb  temperature  of  35  degree s  Ce ls i u s  in  2010,
but  more recen t  studies  a re  su ggest ing the l imit  may actual ly  be  c los er  to  30  degre es
and e ven lower  in  h ot ,  dr y  co n dit ions.  Read More >>>

TEMPEST NETWORK CAPTURED EUROPEAN EXTREME HEAT WAVE

Man y  European cou ntr ies  exp e r ienced record-high temperatu res  as  i ntense  heat
waves  scorched much  o f  the  co nt inent  dur ing the f inal  days  of  Ju ly.  The  Tempe st
Network tracked the heat  wave  a s  i t  swept  across  Europe,  br i ngi ng re cord-breaking
temperatures  a nd a  ho st  o f  weather-related incidents.  Read More >>>

HEATWAVE GARDENING NO-NO'S

Normally  the  s unl igh t  and war m  temperatures  of  the  summer are  great  for  gardens,
but  extreme heat  can  en d u p b e ing more harmful  to  a  plant  than h elpfu l  i f  not  acted
on correct ly.  According  to  an O regon State  Univers i ty  study,  plants  can begin
showing adverse  s igns  to  h eat  at  j ust  above 90  degrees  Fahre nh ei t .  Leavi ng plants  in
the sun,  water in g  at  the  wrong  t ime,  or  pruning back plants  are  just  s om e of  th e
ways  that  yo u can ina dvertent ly  harm your  garden during a  heatwave.  Read More
>>>

OUR TOP 10 FAVORITE TEMPEST INTEGRATIONS

You've  unboxed an d s et  up you r  Tempest  and are  loving the detai led weathe r  i ns ights
but  wo n der  how you  ca n  get  more f rom your  data.  By  using integrat i ons  wi th  your
Tempest ,  yo u've  got  a  world  of  po ssibi l i t ies  to  help  make your  home  more ef f i c ient .
Use an d create  powerf ul  d isp la ys,  customize  your  weather  not i f i cat i ons ,  and e ven
create  f un and mo dern spa ces  t hat  respond to  the actual  weath er  ou ts i de your

https://www.scientificamerican.com/article/zoe-becomes-the-worlds-first-named-heat-wave/
https://www.sciencenews.org/article/heat-humans-stress-extreme-climate-change-physiology
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https://www.housedigest.com/947434/gardening-mistakes-everyone-makes-when-its-super-hot-out/
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house!  Tempest  integrat io n s  ca n  e ven save you t ime,  mone y,  an d energ y  w h i le
helpin g you ma intain  you r  home a nd yard.    Read More >>>
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