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A s is  customar y,  post- graduate master  “OSE” students  at  the CMA had the 

oppor tunity to go on a one -week study tr ip at  the beginning of  March.  This 

year,  Ta iwan was chosen in  order  to  study i ts  energy system.  The energy s i tua-

t ion in  Taiwan is  par t icular ly  interest ing for  several  reasons :  the countr y  is  an 

is land,  i ts  geopolit ical  relat ionship with its  c losest  neighbor,  China,  is  complex, 

and i t  has  strong geographical  constra ints.  Dur ing the e ight  days  they spent 

there,  the students  v is i ted many instal lat ions  involved in  energy and attended 

some ver y  interest ing presentat ions. 

In  this  special  issue of  our  Inf ’OSE gazette,  we give an over view of  the vis i ts  we 

had the chance to  make dur ing this  enr iching week .  You wi l l  a lso  f ind in  this  i ssue a  synthesis  of  the 

ideas  we shared dur ing conferences  on the theme of  low- carbon mobi l i t y  held at  t wo top univers i t ies 

in  Taiwan:  Nat ional  Centra l  Univers i t y  (NCU)  and Nat ional  Cheng Kung Univers i t y  (NCKU) . 

Fi r s t  o f  a l l ,  we  wo u l d  l i k e  to  t h a n k  a l l  o f  t h o s e  w h o  m a d e  t h i s  t r i p  p o s s i b l e .  O u r  t h a n k s  g o  to  t h e 

u n i ve r s i t i e s  a n d  i n d u s t r i a l s  w h o  wa r m l y  we l co m e d  u s ,  to o k  t h e  t i m e  to  p re s e nt  u s  t h e i r  a c t i v i t i e s , 

showed us  round their  insta l lat ions,  and ta lked with us  about  technical  and economic  topics.  Thanks 

to  NCU and NCKU for  the qual i t y  of  the audience at  the conferences.  We would l ike  to  thank Taipower, 

the  I ndustr ia l  Technology Research I nst i tute  ( ITRI ) ,  C ie l  et  Ter re,  Wusanta  Reser voir,  Ta iwan Cement 

Corporat ion and Ho -Ping Power  Company for  the fasc inat ing v is i ts  they prepared for  us.  We a lso wish 

to  thank Taiwan Tech  Arena for  receiv ing us,  as  wel l  as  EDF,  Ubi ik  and UnaBiz  for  their  ver y  interest-

ing presentat ions.  Many thanks  to  the Bureau Français  de Taipei  and UBIK ,  who ensured that  this  t r ip 

was  both r ich and var ied. 

Final ly,  we would l ike  to  thank Gi l les  Guerass imoff,  who heads the post- graduate OSE master ’s ,  and a l l 

the team at  the Center  for  Appl ied Mathematics  for  organiz ing this  except ional  study tr ip.

We now invite  you to  discover  the r ichness  of  the Taiwanese energy system throughout  the di f ferent 

steps  of  our  excit ing tr ip.  Enjoy your  read!

Dor ine J U B E R T I E
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A b o v e  a l l ,  Ta i w a n  i s  a  s m a l l 

i s l a n d  ( 3 6 , 0 0 0  k m ² ) ,  w i t h 

o n l y  3 0 %  o f  c o n s t r u c t i b l e 

land sur face and the remain-

d e r  c o v e r e d  b y  m o u n t a i n s . 

Because of this specif ic topog-

raphy,  the  countr y  possesses 

few natural  resources,  result-

ing in  energy impor t  require -

m e n t s  o f  m o r e  t h a n  9 8 % . 

T h e s e  i m p o r t s  m a i n l y  c o m -

p r i s e  c o a l  ( f r o m  A u s t r a l i a , 

Russ ia ,  I ndonesia)  and gas  in 

the form of  l iquid natural  gas 

( from Indonesia,  Saudi  Arabia, 

U S A ) .  L a s t l y,  a l t h o u g h  s o m e 

t h o u g h t  h a s  b e e n  g i v e n  t o 

the subjec t ,  interconnec t ions 

w i t h  C h i n a  r e m a i n  i m p o s s i -

b l e  b e c a u s e  o f  co m p l e x  d i p -

lomatic  re lat ionships.

C U R R E N T  E N E R G Y  L A N D S C A P E

Current  energy mix

12%

29%

35%

6%

12%

6%

RE Coal Gas Oil Nuclear Hydro
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STATE OF THE ART OF ENERGY IN TAIWAN

G E O G R A P H I C A L  FAC TO R S  AT  T H E  CO R E  O F  I T S  E N E R G Y  S T R AT E G Y

K nown as  the “Hear t  of  As ia” thanks  to  i ts  attrac t ion as  a  tour ist  dest inat ion and strong 

development  of  h igh technologies,  Ta iwan’s  energy s i tuat ion never theless  remains  del -

i c a te .  Th e  i s l a n d  i s  s u b j e c t  to  g e o gra p h i c a l  co n s t r a i n t s  co m b i n e d  w i t h  t h e  c h a l l e n g e s  o f 

energet ic  t ransi t ion and a i r  pol lut ion.  For  these reasons,  the government  has  opted to  make 

some ambit ious  pol i t ica l  choices,  such as  a  strong development  of  renewable  energies  and 

a  radical  withdrawal  f rom nuclear  energy.development  of  renewable  energies  and a  radical 

stop of  withdrawal  f rom nuclear  energy.



The Taiwanese tropical  cl imate 

i s  a n  i m p o r t a n t  f a c t o r  i n  i t s 

e n e rg y  l a n d s c a p e.  I t  i s  c h a r -

a c t e r i z e d  b y  a  h o t ,  h u m i d 

s u m m e r,  w i t h  a  ra i ny  s e a s o n 

b e g i n n i n g  i n  A p r i l ,  a n d  a 

mi ld,  dr ier  winter.  The conse -

quences are low gas consump-

tion,  and a heat demand satis-

f ied by heat  pumps.  The need 

fo r   e l e c t r i c i t y  i s  t h u s  h i g h . 

Demand has continued to r ise 

o v e r  t h e  y e a r s ,  f o r  e x a m p l e 

f rom 2017 to  2018,  when the 

i s l a n d ’s  t o t a l  c o n s u m p t i o n 

went from 231 T Wh to 233 T Wh, 

a n  i n c r e a s e  o f  + 2   T W h .  T h e 

mean consumption per inhab -

i t a n t  e q u a l s  n e a r l y  1 0  M W h , 

w i t h  h i g h e r  d e m a n d  i n  t h e 

nor th .  I ndeed,  both  the  con -

centrat ion of  inhabitants  and 

industr ia l  ac t iv i t y  are  greater 

in the nor th than in the south. 

E lec tr ic i ty  is  mainly  produced 

f rom coal  and gas  (66% of  the 

e n e r g y  m i x ) ,  a n d  t h e  r e s t  i s 

produced from nuclear energy 

and renewable energy,  whose 

shares  are  s lowly  growing.

TA R G E T  F O R  2025

T h e  Ta i w a n e s e  g o v e r n m e n t 

h a s  s e t  a  s i m p l e  a n d  a m b i -

t ious  objec t ive  for  2025,  in  a 

contex t  of  energy t ransit ion. 

T h e y  h o p e  t o  p u t  a  r a d i c a l 

s t o p  t o  n u c l e a r  p r o d u c t i o n 

(0% of  the mix) ,  and replace 

i t  by gas-f i red and renewable 

energies.  Coal- f i red energy is 

a lso  expec ted to  be reduced. 

T h e  e x p e c t e d  m i x  i n  2 0 2 5 

i s  s h o w n  b e l o w.  T h i s  g o a l 

b r i n g s  n e w  c h a l l e n g e s  t h a t 

t h e  Ta i w a n e s e  w i l l  h a v e  t o 

tack le.  On the one hand,  the 

p re s e n c e  o f  c o a l  i n  t h e  m i x 

r e m a i n s  s i g n i f i c a n t  ( 3 0 % ) , 

w h i c h  i s  i n c o n s i s t e n t  w i t h 

the environmental  challenges 

t h a t  n e e d  t o  b e  s o l v e d .  O n 

the other hand, an increase in 

g a s - f i re d  e l e c t r i c i t y  p ro d u c -

t i o n  r e q u i r e s  t h e  c o n s t r u c -

t i o n  o f  c o s t l y  h a r b o r  i n f r a -

structures to receive impor ts. 

M o r e o v e r,  r e n e w a b l e  e n e r -

gies  are  expec ted to increase 

f ro m  5 %  t o  2 0 %  o f  t h e  m i x ! 

T h i s  t a r g e t  w i l l  b e  d i f f i c u l t 

t o  r e a c h ,  b u t  h i g h  f e e d - i n 

tar i f fs  ( incent ives  for  renew-

a b l e s )  a n d  co n s i d e ra b l e  o f f -

shore -wind potential  (5 .5  GW 

on the west  coast ,  5 th wor ld-

w i d e  d e p o s i t )  m a y  h e l p  t h e 

c o u n t r y  re a c h  i t s  o b j e c t i ve . 

Never theless ,  i t  wi l l  need to 

h a n d l e  g r i d  s t a b i l i t y  i s s u e s , 

as  we k now that  the mass ive 

i n t e g r a t i o n  o f  r e n e w a b l e 

e n e r g y  s o u r c e s  i n c r e a s e s 

t h e  r i s k  o f  b l a c k o u t s .

Target  for  2025

20%

30%

50%

RE Coal Gas
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To  c o n c l u d e ,  t h e  i s l a n d  o f 

Ta i w a n  f a c e s  e n e r g y  c h a l -

l e n g e s  d u e  t o  g e o g r a p h i -

c a l  a n d  g e o p o l i t i c a l  re a s o n s 

combined with the constra int 

o f  t h e  e n e r g y  t r a n s i t i o n . 

Never theless,  i ts  2025 objec -

t i v e s  c a n  b e  a c h i e v e d  p r o -

vided i t  establ ishes  suf f ic ient 

i n c e n t i v e s  f o r  r e n e w a b l e s  

and ac ts  to  solve  gr id  stabi l -

i t y  i ssues.

Antoine

JOURDAIN DE MUIZON

CO N C LU S I O N

 ZO O M  O N   P L AC E  O F  N U C L E A R  E N E R G Y

N u c l e a r  e n e rg y  o c c u p i e s  a n  i m p o r t a n t  p l a ce  i n  e n e rg y  p ro d u c t i o n  t h a n k s  to  i t s 

stabi l i t y.  Nuclear  produc t ion is  per fec t ly  control lable,  a l though t ime is  needed to 

star t  or  stop the reac tors.  This  stabi l i t y  i s  v i ta l  for  such an isolated countr y.  I n  August 

2017,  Taiwan faced the greatest  blackout in i ts  histor y when one reactor came to a stop, 

which i l lustrates  why this  energy is  impor tant  to  sat is fy  increas ing demand.  However, 

t h e  s m a l l  s i ze  o f  t h e  i s l a n d  d o e s  n o t  a l l ow  a  l a rg e  zo n e  fo r  wa s te  s to ra g e.  N u c l e a r 

waste  i s  s tored in  s i tu,  which ra ises  secur i t y  quest ions.  This  i s  the  main reason why 

the government  asked for  the complete  stop of  nuclear  produc t ion before  2025.  But 

the opposing points  of  v iew of  the t wo main pol i t ica l  camps may lead to  a  di f ferent 

opt ion,  leaving  the quest ion open.

Sources :  Mar t in  TZOU,  EDF –  Taïwan Market  Direc tor, 

and Prof.  Tsung-Kuang YEH,  NTHU Univers i t y,  Hs inchu
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Vis i t  of  the Taiwan TechArena

WA R M  W E LCO M E  AT  T H E  F R E N C H  R E P R E S E N TAT I V E  O F F I C E  I N  TA I P E I

On Monday March 4 th,  the Master ’s  students  were v is i ted the Taiwan TechArena where they 

met  t wo star t-ups  and the French Representat ive  O ff ice  in  Taipei .

As  par t  of  their  s tudy tr ip  to 

Ta i w a n ,  t h e  E n e rg y  Sys te m s 

O p t i m i z a t i o n  M a s t e r ’s  s t u -

d e n t s  h a d  t h e  o p p o r t u n i t y 

t o  m e e t  u p  w i t h  M r.  B e n o î t 

Guidée, Director of the French 

R e p r e s e n t a t i v e  O f f i c e  i n 

Taipei ,  on Monday March 4 th 

2019 at the Taiwan Tech Arena.

M r.  G u i d é e  g a v e  u s  a  s u b -

s t a n t i a t e d  i n t r o d u c t i o n 

t o  t h e  i s l a n d ’s  h i s t o r y .  

Ta i w a n  i s  o n e  o f  t h e  m o s t 

developed economies in Asia. 

The i s land is  in  fac t  the  21 st 

g l o b a l  e c o n o m y,  w i t h  G D P 

o f  a r o u n d  6 0 0  b i l l i o n  U S D, 

mak ing i t  the 6 th economy in 

As ia  ahead of  S ingapore and 

Thai land.  Despite  per  capita 

GDP of 25,000 USD, Taiwanese 

p u rc h a s i n g  p o we r  i s  i n  f a c t 

g r e a t e r  t h a n  t h e  F r e n c h 

equivalent.  This  is  a  mark of  a 

ver y developed economy that 

f e a t u r e s  h i g h - t e c h  b r a n d s 

l ike  HTC,  Asus  and Acer.  The 

c o r e  o f  Ta i w a n’s  e c o n o m y, 

t h o u g h ,  i s  e l e c t ro n i c  g i a n t s 

such as  Foxconn,  Quanta and 

Pe g a t ro n ,  w h i c h  a re  ce n t r a l 

t o  A s i a n  v a l u e  c h a i n s  b u t 

l i t t l e  k n o w n  b y  t h e  g e n e r a l 

p u b l i c  b e c a u s e  t h e y  m o s t l y 

p ro d u c e  w h i t e - l a b e l  g o o d s .

Po l i t i c a l l y  s p e a k i n g,  Ta i w a n 

i s  o n e  o f  t h e  m o s t  d y n a m i c 

democracies  in  As ia ,  despite 

t h e  f a c t  t h a t  i t  w a s  u n d e r 

m a r t i a l  l a w  u p  u n t i l  1 9 8 7 . 

T h e  f i r s t  p r e s i d e n t i a l  e l e c -

t i o n  b y  u n i v e r s a l  s u f f r a g e 

to o k  p l a ce  i n  1 9 9 6 ,  a n d  t h e 

f i rst  change in  pol i t ical  lead-

e r s h i p  d a t e s  f r o m  2 0 0 0 .

To d a y,  t h e  i s l a n d  i s  a  f u l l y 

f l e d g e d  d e m o c r a c y  w i t h 

r e g u l a r  p o l i t i c a l  c h a n g e -

o v e r s ,  a  v e r y  s t r o n g  c i v i l 

s o c i e t y,  a n d  m o r e  f r e e d o m 

o f  t h e  p r e s s  t h a n  t h e  l i k e s 

o f  J a p a n  a n d  S o u t h  K o r e a 

a c c o r d i n g  t o  R S F  r a n k -

i n g s .  F o r  t h i s  r e a s o n ,  t h e 

N G O  R e p o r t e r s  W i t h o u t 

B orders  e ve n chos e  to  ope n 

i t s  A s i a  o f f i c e  i n  Ta i p e i . 

The two main polit ical  par ties 

g o v e r n  a l t e r n a t e l y ,  w i t h 

o n  t h e  o n e  s i d e  t h e  m o r e 

c o n s e r v a t i v e  K u o m i n t a n g , 

which dates  f rom the former 

d i c t a t o r i a l  r e g i m e  a n d  i s 

n o w  a  d e m o c r a t i c  p a r t y , 

a n d  o n  t h e  o t h e r  s i d e  t h e 

Democratic  Progressive Par ty 

( D P P ) ,  v i e w e d  a s  l i b e r a l . 

The main dif ference between 

the t wo par t ies  i s  thei r  att i -

tude to  re lat ions  with China: 

w h i l e  K u o m i n t a n g  a f f i r m s 

t h a t  Ta i w a n  i s  a n  i n t e -

g r a l  p a r t  o f  C h i n a ,  t h e  D P P, 

Benoît  Guidée,  Direc tor  of 

the French Representat ive 

O ff ice  in  Taipei  © Y.  LAHMA
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current ly  in  power,  maintains 

t h e  o p p o s i t e  p o i n t  o f  v i e w. 

H i s t o r i c a l l y ,  u n t i l  t h e  1 7 t h 

c e n t u r y,  Ta i w a n  w a s  i n h a b -

i t e d  b y  i n d i g e n o u s  p e o p l e s 

f a i r l y  s i m i l a r  t o  t h o s e  fo u n d 

in  the  Pac i f ic  O cean,  l ike  the 

Melanesians in New Caledonia. 

T h e  i s l a n d  w a s  n o t  a f f e c t e d 

by  m a j o r  As i a n  d e m o gr a p h i c 

movements.  The key powers of 

t h e  t i m e  i n i t i a l l y  s aw  Ta i w a n 

a s  a  p o s s i b l e  i n t e r n a t i o n a l 

t rading post ,  and the f i rst  set-

t lers  were Dutch and Spanish, 

a l t h o u g h  t h e y  q u i c k l y  m a d e 

way for  the  Chinese.  Chinese 

domination lasted for two cen-

turies,  with immigrants mainly 

coming f rom Fuj ian  Province. 

N e v e r t h e l e s s ,  t h e  i s l a n d 

c o n t i n u e d  t o  r e m a i n  r e l a -

t i v e l y  u n a f f e c t e d  b y  C h i n a , 

w h i c h  c o n s i d e r e d  i t  a s  a 

f a i r l y  i s o l a t e d  s e t t l e m e n t .

 

In 1895,  the situation changed 

dramatical ly  when Japan won 

t h e  w a r  a g a i n s t  C h i n a  a n d 

t o o k  p o s s e s s i o n  o f  Ta i w a n . 

T h e  J a p a n e s e  r e m a i n e d  f o r 

5 0  y e a r s ,  d u r i n g  w h i c h  t i m e 

Taiwan became one of  i ts  col -

o n i e s  a n d  w a s  c u t  o f f  f r o m 

C h i n a .  T h i s  c o l o n i z a t i o n  w a s 

a c c o m p a n i e d  b y  a  w a v e  o f 

m o d e r n i z a t i o n  t h a t  t u r n e d 

Taiwan into a  fa i r ly  advanced 

c o u n t r y  i n  t e r m s  o f  i n d u s t r y 

a n d  e c o n o my.  I n  1 9 4 5 ,  w h e n 

Japan lost World War I I ,  Taiwan 

was  returned to  China.  A  few 

years  late r,  at  t he  e nd of  t he 

Chinese c iv i l  war,  the nat ion-

a l i s t  gove r n m e nt  wa s  b e ate n 

by  t h e  Co m m u n i s t s  a n d  to o k 

re f u g e  i n  Ta i w a n .   I t s  l e a d e r 

C h i a n g  K a i - s h e k  s aw  h i m s e l f 

a s  C h i n a’s  t r u e  l e a d e r  i n  t h e 

face of the “Communist rebels”. 

Countr ies  in  the West  in i t ia l ly 

recognized him as China’s  off i-

cial  representative ( Taiwan sat 

on the United Nations security 

counci l  unt i l  1971) .  However, 

F r a n c e ,  h e a d e d  b y  G e n e r a l 

D e  G a u l l e ,  r e c o g n i z e d  t h e 

People’s  Republ ic  of  China in 

1 9 6 4 ,  l e a d i n g  t o  a  b r e a k  i n 

r e l a t i o n s  w i t h  Ta i p e i ,  w h i c h 

only maintained 18 diplomatic 

a l l i e s  i n c l u d i n g  H o n d u r a s 

and the  D ominican R e publ ic . 

Ult imately,  i t  was  the democ-

r a t i z a t i o n  o f  Ta i w a n  t h a t 

pushed some of  i ts  people  to 

d e v e l o p  a  n o t i o n  o f  n a t i o n -

a l i s m .  T h e  D P P ’s  a r r i v a l  i n 

power  in  2000 embodied this 

m o v e m e n t .  K u o m i n t a n g  d i d 

h o w e v e r  r e t u r n  t o  p o w e r  i n 

2 0 0 8  w i t h  a  p o l i c y  t o  m o v e 

c l o s e r  t o  C h i n a ,  b e fo re  o n c e 

m o re  h a n d i n g  o v e r  t h e  g o v -

e r n m e n t  t o  D P P  i n  2 0 1 6 .

Th e  re s u l t  w a s  s t r a i n e d  re l a -

t ions  with China.  Current ly,  a 

s t a t u s  q u o  i s  i n  p l a ce.  C h i n a 

refuses  d ia logue with  Ta iwan 

a n d  m a i n t a i n s  p o l i t i c a l  a n d 

s o m e t i m e s  e c o n o m i c  p r e s -

sure.  One of  the consequences 

of  th is  pressure  is  that  Taiwan 

f i n d s  i t  d i f f i c u l t  t o  s i g n  f re e 

t r a d e  a gre e m e n t s  w i t h  o t h e r 

partners and at times describes 

i t s e l f  a s  a n  “o r p h a n  o f  t h e 

i n t e r n a t i o n a l  c o m m u n i t y ”.

F r a n c e ,  l i k e  a l l  E u r o p e a n 

states,  does  not  maintain  dip -

lomatic  re lat ions with Taiwan, 

although this does not prevent 

i t  f r o m  d e v e l o p i n g  c o n c r e t e 

re l a t i o n s  i n  fo u r  m a i n  a re a s :

•  A communit y  of  democrat ic 

v a l u e s  a n d  h u m a n  r i g h t s  

Ta i w a n  s h o w s  t h a t  C h i n e s e 

c u l t u r e  i s  t o t a l l y  c o m p a t i -

b l e  w i t h  d e m o c r a t i c  v a l u e s . 

The  i s land i s  at  t he  foref ront 

o n  h u m a n  r i g h t s  i s s u e s  a n d 

is  the f i rst  ter r i tor y  in  As ia  to 

h a v e  a d o p t e d  g a y  m a r r i a g e 

( s c h e d u l e d  fo r  M a y  2 0 1 9 ) .  I t 

a l s o  g i v e s  w o m e n  a n  i m p o r -

t a n t  p l a c e  i n  s o c i e t y,  i l l u s -

trated by the fact that it  is  cur-

re nt l y  r u n  by  a  fe m a l e  p re s i -

d e n t ,  n a m e l y  Ts a i  I n g - w e n .

•  I n n o v a t i o n  b e c a u s e  Ta i w a n 

is  founded on a  ver y  power ful 

industr y  that  has  at  the same 

t i m e  h a d  d i f f i c u l t i e s  m o v i n g 

on to  a  new phase.  The is land 
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missed the internet  boat  and 

c o n t i n u e s  t o  m o s t l y  f o c u s 

o n  t h e  h a r d w a r e  a n d  s e m i -

co n d u c to r  i n d u s t r i e s .  Ta i wa n 

struggles to innovate,  opening 

u p  o b v i o u s  p o s s i b i l i t i e s  f o r 

“win-win” innovat ion par tner-

ships  with  Europe,  and espe -

cial ly  France.  The latter  appre -

ciates Taiwan as a rel iable eco-

n o m i c  p a r t n e r  b e c a u s e  o f  i t s 

respec t  for  inte l lec tual  prop -

e r t y  a n d  t h e  f a c t  t h a t  i t  i s  a 

s t a t e  o f  l a w  w i t h  t r u s t w o r -

t h y  c o m m e r c i a l  p r a c t i c e s . 

•  E n v i r o n m e n t  a n d  c l i m a t e : 

Taiwan faces  several  environ-

m e nt a l  c h a l l e n g e s,  i n c l u d i n g 

for  i ts  energy mix.  The current 

g ove r n m e nt  i s  i m p l e m e nt i n g 

a n  a m b i t i o u s  e n e r g y  p o l i c y 

w i t h  a n  a c c e n t  o n  r e n e w -

a b l e  e n e rg y  a n d  a  ra p i d  ( b u t 

c o n t e s t e d )  w i t h d r a w a l  f r o m 

n u c l e a r  p o w e r.  T h i s  t h e r e -

f o r e  o p e n s  p e r s p e c t i v e s  f o r 

c o o p e r a t i o n  w i t h  F r a n c e .

•  C u l t u r e :  F r a n c e  h a s  a 

s t r o n g  i m a g e  t h a t  c a n  b e 

s u b j e c t  to  c l i c h é.  Th e  Fre n c h 

Representative Off ice in Taipei 

i s  t h e r e f o r e  a t t e m p t i n g  t o 

re j u ve n ate  t h i s  i m a g e  w i t h  a 

pol ic y  of  cultura l  innovat ion. 

In conclusion,  Taiwan is  impor-

tant  for  France because i t  rep -

re s e n t s  a  “re g i o n a l  h u b” a n d 

a  “ laborator y ” for  technologi-

ca l ,  pol i t ica l ,  democrat ic  and 

e n e rg y - b a s e d  i n n o v a t i o n .  A s 

an example,  Taiwan is  the of f -

s h o r e  w i n d  p o w e r  l e a d e r  i n 

A s i a .  T h e  g a m e  p l a y e d  o u t 

h e r e  w i l l  b e  c r u c i a l ,  i n  p a r -

t icular  for  standards,  and the 

winners  of  the Taiwanese race 

wi l l  be  wel l  p laced in  the rest 

of  As ia .  Unfor tunately,  French 

i n d u s t r i a l  c o m p a n i e s  a r e 

n o t  c u r re n t l y  p re s e n t  i n  o f f -

shore wind projec ts  in  Taiwan 

( b u t  o u r  b a n k s  a r e  c l o s e l y 

i nvo l ve d  i n  t h e s e  p ro gra m s ) . 

E l i  RAKOTOMISA

The Mastere’s  students  at  the Taiwan TechArena © Y.  LAHMA
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V I S I T S  TO  E D F  A N D  T W O  YO U N G  S TA R T - U P S

O n  M o n d a y  M a r c h  4 t h 2 0 1 9 , 

t h e  O S E  m a s t e r ’s  s t u d e n t s 

were  hosted by  Pasca l  Viaud, 

s t e e r i n g  c o m m i t t e e  m e m b e r 

of  a  business  incubator  ca l led 

French Tech in Taiwan. Located 

in the center of  the Tech Arena 

in  Taipei ,  the main purpose of 

French Tech (which was set  up 

in June 2018) is  to help French 

a n d  Ta i w a n e s e  s t a r t - u p p e r s 

b u i l d  p ro j e c t s  i n  Ta i w a n  a n d 

Asia.  In this  capacity,  the incu-

bator  promotes economic col-

l a b o r a t i o n  b e t w e e n  F r a n c e 

and Taiwan.

Dur ing our  v is i t ,  EDF’s  Taiwan 

M arket  Direc tor,  M ar t in  Tzou, 

p r e s e n t e d  t h e  c o m p a n y ’s 

ac t iv i t ies  in  Ta iwan.  M r  Tzou, 

who joined EDF f ive years ago, 

t o l d  u s  o f  E D F ’s  a m b i t i o n  t o 

develop susta inable  c i t y  proj-

ects.  At present,  the Taiwanese 

e l e c t r i c i t y  m i x  re l i e s  h e a v i l y 

on carbon,  and publ ic  opinion 

suppor ts reducing and closing 

t h e r m a l  a n d  n u c l e a r  p o w e r 

plants  and promoting renew-

able energy development poli-

cies.  As i l lustrated by the ver ti-

ca l  d is integrat ion of  TaiPower 

( the countr y ’s  h istor ical  e lec-

tr ical  system operator) ,  energy 

ef f ic ienc y seems to  be a  lever 

to  d e c a r b o n i ze  t h e  e l e c t r i c a l 

system.

Wi t h  i t s  l o n g - s t a n d i n g  e x p e -

r i e n c e  a n d  e x p e r t i s e ,  E D F  i s 

we l l  p l a ce d  to  a d v i s e  Ta i w a n 

on numerous subjec ts  such as 

smart meter development, pol-

lution zone modell ing,  and the 

co n s e q u e n ce s  o f  o p e n i n g  u p 

the e lec tr ic i t y  system to com-

petit ion.  Al l  of  these are areas 

that  EDF is  keen to  develop in 

Taiwan.

W e  w o u l d  l i k e  t o  t h a n k 

M a r t i n   Tz o u  f o r  h i s  p r e s e n -

tat ion and the  t ime he  spent 

w i t h  t h e  s t u d e n t s ,  a n d  s i n -

c e r e l y  h o p e  t h a t  E D F ’s  w o r k 

i n  Ta i w a n  w i l l  b e n e f i t  t h e 

Taiwanese populat ion.

W h i l e  v i s i t i n g  t h e 

Ta i w a n   Te c h   A r e n a ,  t h e  O S E 

students  had the oppor tunit y 

to  discover  several  new tech-

nologies  devised by Ubi ik  and 

Unabiz,  two star t-ups that pre -

sented their  work  on IoT.

T h e s e  c o m p a n i e s  d e c i d e d  t o 

work on an innovative domain: 

IoT ( Internet  of  Things) ,  which 

r e f e r s  t o  c o n n e c t e d  d e v i c e s 

t h a t  c a n  c o m m u n i c a t e  v i a 

e m i t t i n g  o r  r e c e i v i n g  d a t a . 

These devices,  sensors,  t raf f ic 

l ights,  GPS,  cel lu lar  and elec-

t r o n i c  d e v i c e s  c o m m u n i c a t e 

bet ween each other  and with 

c o m p u t e r s ,  c r e a t i n g  a  f a s t 

and inexpensive l ink  bet ween 

t h e  p h y s i c a l  a n d  t h e  v i r t u a l 

w o r l d s .  T h e  n e t w o r k s  o n 

w h i c h  t h e  d e v i ce s  co m m u n i -

c a t e  a re  c h e a p  a n d  co n s u m e 

l i t t l e  e n e r g y.  T h e s e  a r e  t h e 

m a i n  c h a r a c t e r i s t i c s  o f  t h e 

t wo companies  we met,  s ince 

they both work on long-range 

a p p l i c a t i o n s  ( L P WA N ) ,  r a t h e r 

than 4G or  5G.

Presentat ion of  ubi ik  © Y.  LAHMA
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M e e t i n g  w i t h  u b i i k

Ubi ik  i s  a  company specia l iz -

i n g  i n  I oT,  n o t a b l y  i n  e n e rg y 

monitor ing.  The  star t -up was 

founded in 2016 and is  already 

a market leader in LPWAN tech-

nologies (Low Power Wide Area 

Network).  Clément Dieudonné, 

a  F r e n c h  c i t i z e n  l i v i n g  i n 

Ta i w a n  a n d  s t ra te g y  d i re c to r 

o f  U b i i k ,  p re s e nte d  t h e  co m-

pany ’s  ac t iv i t ies  and the tech-

n o l o g i e s  t h a t  h e  h a s  d e v e l -

o p e d  w i t h  t h r e e  o t h e r s .  T h e 

co m p a ny  wa s  fo u n d e d  b a s e d 

o n  t h e  o b s e r v a t i o n  t h a t  I oT 

i s  u n d e r e x p l o i t e d  fo r  i n d u s -

tr ia l  appl icat ions.  R ather  than 

using a  network ,  which is  able 

to  handle  a  lot  of  data ,  Ubi ik 

chose  an  innovat ive  technol -

o g y  t h a t  a l l o w s  l o n g - r a n g e 

co m m u n i c at i o n  a n d  l o n g  l i fe 

for  the infrastruc tures.

The star t-up took off  thanks to 

a  Ta i Po we r  t e n d e r  fo r  d e ve l -

oping smar t  meters  through -

out  Taiwan.  The star t-up Ubi ik 

h a s  b e e n  s e l e c t e d  f o r  t h e 

f i r s t  s t e p  o f  t h e  b i g g e s t  I oT 

projec t  in  Taiwan,  which con-

s i s t s  o f  co n n e c t i n g  a ro u n d  3 

mi l l ion wire less  smar t  meters 

from 2030 onwards.  One of the 

main strengths of  the technol-

ogy is  that  Ubi ik  chose not  to 

patent  i t ,  but  rather  to  make 

i t  “o p e n  s t a n d a r d ”,  w h i c h 

means that  i t  has  f ree  access. 

T h u s ,  d e s p i t e  t h e  p r o d u c t ’s 

newness  and market  instabi l -

i t y,  c u s t o m e r s  a r e  r e a s s u r e d 

a b o u t  t h e  t e c h n o l o g y ’s  s u s -

t a i n a b i l i t y.  I n  c o m p a r i s o n  t o 

competing produc ts   specia l -

i z i n g  i n  p o w e r  l i n e  t e c h n o l -

ogy,  Ubi ik ’s  long -rang e  te ch-

n o l o g y  r e q u i r e s  fe w e r  i n f r a -

struc tures  and so less  invest-

ment.  With regard to  technol-

ogy,  the di f ference with other 

solutions on the market is  that 

Ubi ik ’s  technology is  b idi rec -

t i o n a l .  D e v i c e s  c a n  b e  c o n -

t ro l l e d,  w h i c h  i s  a n  i n t e re s t -

ing charac ter ist ic  for  secur i t y 

and updates.

U b i i k  a l s o  wo r k s  w i t h  i n d u s-

t r i e s  t h a t  a r e  i n t e r e s t e d 

i n  e n e r g y  m o n i t o r i n g  a n d 

m a c h i n e  t ra c k i n g  a l l owe d  by 

e f f i c i e n t  s e n s o r s .  U b i i k  h a s 

developed an electronic paper 

u s e d  f o r  i n d u s t r i a l  a p p l i c a -

t ions  where i ts  ef f ic ienc y and 

swiftness makes it  par t icular ly 

interest ing.   Another  appl ica-

t i o n  i s  p h o t o v o l t a i c  e n e r g y 

with connected sensors,  which 

m o n i t o r s  e n e r g y  f o r  r e m o t e 

m a i n t e n a n c e .  U b i i k ’s  t e c h -

nology can be used for  smar t 

l ighting and charging stat ions 

for  e lec tr ic  vehic les.

We  t h a n k  M r  D i e u d o n n é  f o r 

his  presentat ion and wish him 

luck and success in connecting 

t h e  r e m a i n d e r  o f  t h e  7 0 , 0 0 0 

smar t  meters.

M e e t i n g  w i t h  U n a B i z

St i l l  on the subjec t  of  IoT,  the 

star t-up UnaBiz  specia l izes  in 

L P WA N  te c h n o l o gi e s .  A  s p i n -

o f f  o f  t h e  S i g f o x  c o m p a n y, 

Unabiz was set up in July 2016. 

I t  is  the f irst  Sigfox operator to 

work  in  As ia  with t wo off ices, 

in Singapore and Taipei ,  giving 

the company the oppor tunit y 

to  work  in  a  safe  space where 

t h e  b e s t  t e c h n o l o g i e s  c a n 

b e  d e ve l o p e d.   U n a B i z  o p e r-

ates,  manufac tures  and devel-

ops  S igfox sensors,  with  more 

t h a n  5 0 0  s o l u t i o n s  a v a i l a b l e 

t h r o u g h o u t  t h e  w o r l d .  O v e r 

t h e  l a s t  fe w  m o n t h s ,  U n a b i z 

h a s  p rov i d e d  co n s u l t i n g  s e r-

v i c e s  t o  c u s t o m e r s  s u c h  a s 

Safran,  Engie  and Airbus.  The 

S i g f o x  n e t w o r k  c o v e r s  m o r e 

than 95% of Taiwan and 99% of 

Singapore.  Offering low prices, 

UnaBiz emerged on the market 

and has  s igned contrac ts  with 

several  well-known customers. 

L as t  ye ar,  UnaBiz  had a  tur n-

o v e r ?  o f  1 0 . 4  m i l l i o n  d o l l a r s 

via KDDI,  SORACOM and Engie.

R e g a r d i n g  i t s  I oT  t e c h n o l o -

g i e s ,  P h i l i p p e  Tzo u,  B u s i n e s s 

D e v e l o p m e n t  M a n a g e r,  t o l d 

u s  a b o u t  s e ve r a l  m a r k e t s  fo r 

UnaBiz in Asia,  such as park ing 

space connec t ion.  To monitor 

smar t park ing, sensors identify 

empt y park ing spaces,  pay for 

them direc t ly,  inform park ing 
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o p e r a t o r s  o n  w h i c h  p a r k i n g 

spaces  are  the most  used and 

then adjust  the park ing space 

pr ice depending on the atten-

d a n c e .  I n  p a r t n e r s h i p  w i t h 

Ai r bus,  UnaBiz  i s  wor k ing on 

the connec t iv i t y  of  an engine 

t h a t  l o c a t e s  p a r k i n g  s p a c e s 

a n d  d e t e r m i n e s  t h e i r  f r e -

quenc y usage.  To manage i ts 

cold chain logist ics,  Carrefour 

uses  UnaBiz  sensors  to  fo l low 

t r a n s p o r t a t i o n  a n d  t h e  t e m -

p e r a t u r e  s e t p o i n t .  U n a B i z  i s 

a lso  work ing on a  new smar t 

city project.  UnaBiz provides a 

f ree  S igfox net work to  Taipei . 

O t h e r  p ro j e c t s  i n c l u d e  m o n -

i t o r i n g  p h o t o v o l t a i c  p o w e r 

p l a n t s  a n d  p u b l i c  b i k e 

t ranspor t .

L a s t l y ,  t h e s e  I oT  s o l u t i o n s 

may be div ided into four  cat-

egories :  sensor  measurement, 

g e o - t r a c k i n g ,  e v e n t  r e p o r t -

ing and device  management. 

B ecause they  use  the  LPWAN 

n e t wo r k ,  t h e s e  te c h n o l o g i e s 

are simple,  cheap and efficient 

and do not  need much main-

te n a n ce.  U n a B i z  h a s  fo u n d  a 

new market  n iche.

W e  w o u l d  l i k e  t o  t h a n k 

P h i l i p p e  Tz o u  f o r  t h e  t i m e 

h e  s p e n t  w i t h  t h e  O S E  m a s -

t e r ’s  s t u d e n t s   a n d  f o r  h i s 

presentat ion.

Ana DAVID & L ionel  FABIANI

Presentat ion of  UnaBiz  © Y.  LAHMA
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O n Monday af ternoon,  the 

OSE students were warmly 

welcomed by Mr.  Hsu Tun Kuei, 

deput y  direc tor  of  the Taiwan 

Power Company ’s  distr ibution 

depar tment ( TPC af ter wards) . 

M r.  Tun Kuei  introduced us  to 

the Taiwanese power  system, 

the  chal lenges  of  the  energy 

t r a n s i t i o n ,  a n d  t h e  r o l e  o f 

s m a r t  g r i d s  i n  t h i s  t r a n s i -

t i o n .  We  i n v i t e  y o u ,  c u r i o u s 

re a d e r,  to  d i s cove r  t h e  s o l u -

tions implemented or planned 

by TPC.

TPC,  a lso  k nown as  TaiPower, 

i s  a  Ta i w a n e s e  s t a t e - o w n e d 

company,  operat ing through-

out the electricity sector value 

c h a i n ,  f r o m  p r o d u c t i o n  t o 

customer  supply.  A  ver t ica l ly 

i n t e g r a t e d  p u b l i c  m o n o p -

o l y,  T P C  w a s  e s t a b l i s h e d  o n 

M ay  1 st,  1946 to  ensure  e lec -

tr ic i t y  supply  secur i t y  for  the 

Taiwanese is land.  I t  holds  the 

e xc l u s i ve  r i g h t s  t o  s e l l  e l e c -

tr ic i t y  to  indiv iduals  at  a  rate 

re g u l a te d  by  t h e  M i n i s t r y  o f 

E c o n o m i c  A f f a i r s .  T h e r e fo r e , 

i n d e p e n d e n t  p o w e r  p r o d u c -

ers ( IPPs)  have to sign a power 

purchase agreement  (PPA)  to 

s e l l  t h e i r  e l e c t r i c i t y  t o  T P C , 

i n c l u d i n g  I P Ps  u s i n g  r e n e w -

able  energy.

I n  July  2015,  the government 

o f  t h e  R e p u b l i c  o f  C h i n a  i n 

Ta i w a n  a p p r o v e d  a  b i l l  p u t 

f o r w a r d  b y  t h e  M i n i s t e r  o f 

Economic  Affa i rs .  The projec t 

involves dividing TPC into two 

d i s t i n c t  g r o u p s  o f  a c t i v i t i e s 

over the next five to nine years: 

a  produc t ion company and a 

network company.  In response 

t o  a  q u e s t i o n  f r o m  t h e  s t u -

d e n t s  a b o u t  t h e  l e g i t i m a c y 

of  th is  me as ure,  M r  Tun  Kue i 

st ipulated that  opening up to 

c o m p e t i t i o n  h i g h  u p  i n  t h e 

e lec tr ic i t y  chain  would a l low 

b e t t e r  i n t e g r a t i o n  o f  re n e w -

a b l e  e n e r g i e s ,  b e c a u s e  i t  i s 

m o r e  c o m p a t i b l e  w i t h  t h e 

publ ic  tender.

T h e  T a i w a n e s e  e l e c t r i c a l 

s y s t e m  i s  i n s u l a r  b y  n a t u r e ; 

s m a l l  a n d  i s o l a te d,  i t  h a s  n o 

i n t e rc o n n e c t i o n  w i t h  n e i g h -

boring China.  Despite the eco-

n o m i c  a n d  te c h n i c a l  i nte re s t 

of  such an interconnection for 

Taiwan in  general  and for  TPC 

in  par t icular,  for  the moment 

th is  o p t i o n  re m a i n s  u nt h i n k-

a b l e  f r o m  a  p o l i t i c a l  s t a n d -

point.  Fur thermore,  electr icity 

c o n s u m e d  o n  t h e  Ta i w a n e s e 

t e r r i t o r y  m u s t  b e  p r o d u c e d 

in  s i tu,  and the instantaneous 

supply /  demand balance must 

i m p e r a t i v e l y  b e  s a t i s f i e d  b y 

the local  produc t ion park .

In addit ion to this  is land char-

a c t e r i s t i c ,  Ta i w a n  i s  h i g h l y 

e n e r g y  d e p e n d e n t .  I n  f a c t , 

9 8 %  o f  t h e  c o u n t r y ’s  e n e rg y 

n e e d s  a r e  i m p o r t e d ,  9 0 %  o f 

t h e m  i n  t h e  f o r m  o f  o i l .  I n 

a d d i t i o n  t o  e n v i r o n m e n t a l 

c o n c e r n s ,  t h i s  c a u s e s  h i g h 

s u p p l y  r i s k s  co m p o u n d e d  by 

the polit ical  decision to phase 

out  nuclear  power  by 2025.

T o  m a i n t a i n  s e c u r i t y  o f 

supply,  the Taiwanese govern-

ment is  bank ing on increasing 

t h e  l o c a l  r e n e w a b l e  s u p p l y. 

However,  large -scale  integra-

t i o n  o f  r e n e w a b l e  e n e r g y  i s 

restrained by natural  and geo-

graphical  constraints.  Indeed, 

of  the 36,000 k m² covered by 

t h e  Ta i w a n e s e  i s l a n d ,  6 0 % 

i s  m o u n t a i n o u s .  H e n c e  t h e 

encouragement of  PV on roofs 

and the emergence of  f loating 

s o l a r  p r o j e c t s  a n d  o f f s h o r e 

w i n d ,  w i t h  a  t w o - fo l d  s t r a t -

e g y  t o  s u p p o r t  t h e  e n e r g y 

t ransit ion.

A s  a  r e s u l t ,  t h e  Ta i w a n e s e 

e l e c t r i c i t y  gr i d  w i l l  b e  gra d -

u a l l y  t r a n s f o r m e d  t o  a l l o w 

a  h i g h e r  s h a r e  o f  d i s p e r s e d 

a n d  i nte r m i t te nt  g e n e rat i o n . 

TPC wil l  suppor t  this  transfor-

m a t i o n  w i t h  b o t h  s to ra g e  to 

Vis i t  of  TaiPower
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s m o o t h  t h e  i n te r m i t te n c y  o f 

renewable  energy,  and smar t 

g r i d  s o l u t i o n s  t o  c o o rd i n a t e 

t h e  d i s p e r s e d  m e a n s  o f  p ro -

d u c t i o n .  W e  r e v i e w  b e l o w 

t h e  s o l u t i o n s  p r e s e n t e d  b y 

M r.  Tun Kuei :

•  T h e  H o m e  E n e r g y 

M anagement  System (HEMS) : 

t h i s  s o l u t i o n  a l l o w s  b e t t e r 

c o n t r o l  o f  c o n s u m p t i o n .  I t 

c o n s i s t s  o f  a  s m a r t  m e t e r,  a 

data collection unit  for house -

h o l d  d e v i c e s  e q u i p p e d  w i t h 

WIFI  adapters  and f i t ted with 

a n  H E M S .  T h e  c o n s u m p t i o n 

i n f o r m a t i o n  o f  e a c h  d e v i c e 

i s  c e n t r a l i z e d  b y  t h e  c o l -

l e c t i o n  u n i t  a n d  s e n t  by  t h e 

smar t  meter  to  a  remote data 

ser ver.   Thus,  consumers  can 

v i s u a l i z e  t h e i r  c o n s u m p t i o n 

p r o f i l e  a t  a ny  t i m e  o n  t h e i r 

s m a r t p h o n e s  v i a  a  m o b i l e 

appl icat ion;  better  s t i l l ,  they 

can remotely  control  the con-

n e c t e d  d e v i c e s  t o  i m p r o v e 

their  energy consumption.

•  The smar t  inver ter  for  pho -

tovolta ic  energy :  th is  system 

a l l o w s  t h e  i n t e l l i g e n t ,  o p t i -

m i ze d  u s e  o f  s o l a r  p a n e l s  i n 

a  l o c a l  m e s h  ( a  n e i g h b o r -

h o o d  f o r  e x a m p l e ) .  U n l i k e 

an ordinar y  inver tor,  a  smar t 

inver ter  is  connec ted to other 

i n v e r t e r s  i n  t h e  s a m e  l o c a l 

m e s h .  Th i s  a l l ows  e a s i e r  d i s -

p a t c h  o f  s o l a r  e n e r g y  f r o m 

overproducing nodes to those 

in need within the same mesh; 

and thus  opt imal ,  local  use  of 

the e lec tr ic i t y  generated.  The 

transactions made are tracked 

us ing Blockchain technology. 

•  T h e  Ad v a n c e d  D i s t r i b u t i o n 

Management  System (ADMS) : 

t h i s  d i s t r i b u t i o n  s y s t e m 

m a n a g e s  t h e  e n t i r e  s e t  o f 

p o w e r  p l a n t s  s u p p l y i n g  t h e 

n e t wo r k .  At  p re s e nt ,  t h i s  s e t 

i n c l u d e s  c o n t r o l l a b l e  p r o -

d u c t i o n  m e a n s  ( e . g .  t h e r m a l 

p owe r  p l a n t s ) ,  s t o r a g e  f a c i l -

i t i e s  ( S T E P,  b a t t e r i e s ) ,  a n d 

l a r g e  w i n d  a n d  s o l a r  f a r m s , 

and soon vir tual  power plants 

f o r m e d  b y  t h e  a g g r e g a t i o n 

o f  s m a l l  s e l f - co n s u m e r s .  Th e 

ADMS is  designed to be better 

suited to  a  new wor ld,  where 

p r o d u c t i o n  i s  d e c e n t r a l i z e d 

and highly  intermittent .

 A l l  i n  a l l ,  t h i s  v i s i t  a l l o w e d 

u s  t o  g r a s p  t h e  c o n s t r a i n t s 

o f  m a n a g i n g  t h e  e l e c t r i c a l 

system of an is land and gauge 

t h e  e f f o r t  m a d e  b y  T P C  t o 

suppor t  the Taiwanese energy 

t r a n s i t i o n .  O n  b e h a l f  o f  t h e 

e n e r g y  s y s t e m  o p t i m i z a t i o n 

master  students,  we thank Mr. 

H s u  Tu n  K u e i  fo r  t h e  q u a l i t y 

of  his  introduc tion and for  his 

warm welcome. 

Ayoub EL  BOUHALI  & 

M ahmouh MOBIR

TaiPower ’s  logo
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National  Centra l  Univers i t y

I t  w a s  9 . 3 0  a m  o n  Tu e s d ay 

5 th March when we arr ived 

a t  t h e  N a t i o n a l  C e n t r a l 

Univers i t y  (NCU)  in  Taoyuan, 

n e a r  T a i p e i .  A s s i s t a n t 

Professor Bor K ae Chang wel-

comed us  and gave us  a  uni-

ve r s i t y  c a m p u s  t o u r  a m o n g 

b a s e b a l l  p l a y e r s ,  c h e r r y 

b l o s s o m ,  p i n e  t r e e s  a n d 

squirrels.  Prof.  Bor Kae Chang 

said  that  he was  par t icular ly 

pleased to  welcome us  s ince 

Fr e n c h  h a s  b e e n  c h o s e n  a s 

the  of f ic ia l  par tnership  lan -

guage of the NCU. The univer-

s i t y  a lso  works  in  a  net work 

w i t h  o t h e r  u n i v e r s i t i e s  i n 

c e n t r a l  A s i a  a n d  e s p e c i a l l y 

South Korea and Japan.

A f t e r  t h e  c a m p u s  t o u r,  w e 

went to the conference room, 

where the Professor  and Vice 

Chairman of  the Depar tment 

o f  M e c h a n i c a l  E n g i n e e r i n g, 

Chih-Ang Chung,  introduced 

u s  t o  t h e  u n i v e r s i t y  a n d  t o 

h i s  d e p a r t m e nt .  We  l e a r n e d 

t h a t  N C U  w a s  f o u n d e d  i n 

1 9 1 5  i n  N a n j i n g  o n  m a i n -

l a n d  C h i n a ,  a n d  t h a t  a f t e r  

C h i a n g   K a i - s h e k ’s  d e f e a t 

a g a i n s t  M a o  Z e d o n g ,  t h e 

univers i t y  went  into exi le  in 

Ta i w a n  i n  1 9 6 2 .  N o w a d a y s 

t h e  u n i v e r s i t y  t e a c h e s  a t 

least 12,000 students divided 

a m o n g s t  8  d e p a r t m e n t s 

a n d  2 5  s p e c i a l t i e s ,  a n d  a l l 

w o r k i n g  t o g e t h e r  o n  m a n y 

objectives including tack l ing 

environmental  i ssues.

T h e  D e p a r t m e n t  o f 

M e c h a n i c a l  E n g i n e e r i n g 

wa s  fo u n d e d  i n  1 9 7 7  a n d  i s 

the biggest  in  the NCU with 

1 , 2 0 0  s t u d e n t s  o f  w h i c h  6 8 

a r e  i n t e r n a t i o n a l  s t u d e n t s 

a n d  1 8 5  a r e  P h D  s t u d e n t s . 

I t s  var ious  courses  focus  on 

i n n o v a t i o n  i n  r e s p o n s e  t o 

contemporar y  global  i ssues. 

T h e  d e p a r t m e n t  s p e c i a l i ze s 

i n  a  n u m b e r  o f  f i e l d s ,  s u c h 

a s  s o l i d  m e c h a n i c s ,  m a t e r i -

als,  thermics and f luids,  auto-

m a t i o n ,  m e c h a t r o n i c s  a n d 

e n e r g y.  T h i s  r e p u t e d  s e a t 

o f  l e a r n i n g  s p e n d s  m o r e 

t h a n  1 8  m i l l i o n  d o l l a r s  a 

ye a r  o n  re s e a rc h  f u n d e d  by 

t h e  M i n i s t r y  o f  S c i e n ce  a n d 

Te c h n o l o g y,  i n d u s t r i a l s  a n d 

others.

A f t e r  t h i s  p r e s e n t a -

t i o n ,  i t  w a s  t i m e  f o r  o u r 

Professor Gi l les Guerassimoff 

t o  i n t r o d u c e  o u r  s c h o o l 

a n d  o u r  s p e c i a l i z e d  M a s t e r 

program.

Then the students  of  the OSE 

a d v a n c e d  M a s t e r s  w e n t  o n 

s t a g e  to  p re s e n t  t h e i r  wo r k 

o n  h o w  e l e c t r i c  v e h i c l e s 

i n f l u e n c e  e v e r y  l i n k  o f  t h e 

e l e c t r i c a l  c h a i n .  Th e  t h i r t y -

minute ta lk  addressed many 

subjects from electr icity pro-

duction to the electr ical  gr id, 

a n d  i n c l u d i n g  t h e  o p p o r t u -

n i t y  t h a t  t h e  e x p a n s i o n  o f 

e l e c t r i c  ve h i c l e s  re p re s e n t s 

for  storage.

T h e  i n t r o d u c t i o n  i n c l u d e d 

a  r e m i n d e r  t h a t  t h e  t r a n s -

p o r t  s e c to r  d e p e n d s  m a i n l y 

o n  fo s s i l  f u e l s  ( 9 5 %  o f  f i n a l 

e n e r g y  c o n s u m p t i o n  i n 

F r a n c e ) .  H e n c e ,  i t  i s  t h e 

s e co n d  b i g g e s t  g re e n h o u s e 

Warm welcome at  NCU by Ass istant 

Prof.  Bor  K ae Chang © Y.  LAHMA

I N F ’ O S E  |  M a r c h  2 0 1 9

16 DAY  2



g a s  e m i t t e r  i n  t h e  w o r l d . 

E l e c t r i f y i n g  t r a n s p o r t  i s  a 

s o l u t i o n  f o r  Fr a n c e  a s  e l e c -

tr icity production has reduced 

C O 2 e m i s s i o n s .  T h e  m a r k e t 

s h a r e  o f  e l e c t r i c  v e h i c l e s 

( E Vs )  i n  Fr a n c e  i n  2 0 1 7  w a s 

p re s e n te d  b e fo re  c o m p a r i n g 

this  to  the countr ies  register-

ing the highest sales of  EVs for 

t h e  s a m e  ye a r.  We  o b s e r ve d 

t h at  t h e  m a r k e t  s h a re  o f  E Vs 

in Europe is  st i l l  ver y marginal 

d u e  t o  t h e  m a ny  a s s o c i a t e d 

constra ints.

The primar y constraint is  elec-

tr ic i t y  produc t ion.  The global 

c a r  f l e e t  w i l l  f a c e  a  d r a s t i c 

change with the development 

of  e lec tr ic  cars.  Whi le  i ts  mar-

ginal  impacts  on annual  mean 

e l e c t r i c i t y  c o n s u m p t i o n  a r e 

r e l a t i v e l y  e a s y  t o  q u a n t i f y , 

peak demand wil l  be more dif -

f icult  to apprehend. Therefore, 

e f f e c t i v e  m e a s u r e s  m u s t  b e 

taken to insure daily electricity 

d e m a n d .  Po t e n t i a l  s o l u t i o n s 

l i k e  d e m a n d  m a n a g e m e n t 

a n d  t h e  c re a t i o n  o f  a  c a p a c -

i t y  m a r k e t  w e r e  m e n t i o n e d 

dur ing the presentat ion.

O n c e  t h e  e l e c t r i c i t y  h a s 

b e e n  p r o d u c e d ,  i t  n e e d s  t o 

b e  d e l i ve re d  to  t h e  ve h i c l e s . 

B u t  e n e r g y  t r a n s m i s s i o n  t o 

e lec tr ic  vehic les  is  subjec t  to 

constraints.  Due to the specific 

fe a t u r e s  o f  t h e  Fr e n c h  e l e c -

t r i c a l  s y s t e m ,  s o m e  i m p a c t s 

may concern the Transmission 

S y s t e m  O p e r a t o r  ( T S O )  a n d 

o t h e r s  t h e  D i s t r i b u t i o n 

System Operator  (DSO) .  Also, 

t h e  c h a rg i n g  m o d e s  o f  e l e c -

t r i c  ve h i c l e s  c a n  e n s u re  p a r t 

of  the e lec tr ica l  system’s  ef f i -

cienc y.  So,  while electr ic  vehi-

c l e s  a re  a  c h a l l e n g e  fo r  gr i d 

m a n a g e m e n t ,  t h e y  c a n  a l s o 

p r o v i d e  s o m e  s o l u t i o n s  t o 

help the gr id.

But  how can we use e lec tr ic -

i t y  i n  v e h i c l e s ?  T h i s  p a r t  o f 

OSE advanced Masters  students’ presentat ion at  NCU © Y.  LAHMA
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t h e  p r e s e n t a t i o n  d e a l t  w i t h 

t h e  i n t e r e s t  o f  u s i n g  e l e c -

t r i c i t y  i n  a  ve h i c l e  a n d  h o w 

t o  i m p l e m e n t  i t  t e c h n i c a l l y. 

T h e  f i r s t  o p t i o n  i s  t o  c re a t e 

a  h y b r i d  i n t e r n a l  c o m b u s -

t i o n  e n g i n e  a n d  t h e  s e c o n d 

is  a  fu l l  e lec tr ic  vehic le,  each 

o f  w h i c h  h a s  s t r e n g t h s  a n d 

w e a k n e s s e s .  T h e s e  d i f f e r -

ent  solut ions  are  suitable  for 

v a r i o u s  u s e s  a n d  m e a n s  o f 

transpor t .  Paral lel  hybrids are 

s u i t e d  t o  d i ve r s i f i e d  ve h i c l e 

u s e s ,  w h e re a s  s e r i a l  hy b r i d s 

per form better for urban uses. 

F i n a l l y ,  f u l l y  e l e c t r i c  v e h i -

c les  have a  s impler  architec -

ture and fewer emissions than 

hy b r i d  ve h i c l e s ,  b u t  a re  l e s s 

autonomous.

T h e  f i n a l  p a r t  o f  t h e  t a l k 

t a c k l e d  t h e  b a t t e r y  i s s u e . 

E m b e d d e d  s t o r a g e  s y s t e m s 

h ave  b e e n  t h e  fo c u s  o f  co n -

s i d e ra b l e  ex p e c t at i o n s  s i n ce 

t h e y  a r e  t o  d a t e  o n e  o f  t h e 

last  l imit ing fac tors  to  a l low 

m a s s i ve  a d o p t i o n  o f  e l e c t r i c 

v e h i c l e s .  T h e  o p e r a t i o n  o f 

l e a d  a c i d ,  n i c k e l - b a s e d  a n d 

l i thium-ion batter ies was pre -

sented.  They were then com-

p a r e d  t h r o u g h  k e y  m a c r o -

scopic cr iteria (energy,  power, 

e f f i c i e n c y ,  c o s t ,  e t c . )  a n d 

re lated to  the  needs  of  indi -

v idual  vehic les.

T h e  s t u d e n t s ’ p r e s e n t a t i o n 

ra ised a  lot  of  quest ions  f rom 

t h e  v e r y  a t t e n t i v e  a u d i e n c e 

co m p o s e d  o f  p ro fe s s o r s  a n d 

s t u d e n t s .  D u r i n g  t h i s  q u e s -

t i o n s  a n d  a n s w e r s  s e s s i o n , 

i s s u e s  l i k e  b a t t e r y  re c yc l i n g 

a n d  p o l i c y  i n c e n t i v e s  i n 

Fr a n c e  fo r  t h e  d e v e l o p m e n t 

of  E Vs  were mentioned.

To  c o n c l u d e  t h i s  v i s i t  t o 

t h e  N C U ,  d i s t i n g u i s h e d 

P r o f e s s o r  C h u n g - J e n  Ts e n g 

f r o m  t h e  D e p a r t m e n t  o f 

M e c h a n i c a l  E n g i n e e r i n g 

g a v e  u s  a  p r e s e n t a t i o n  o n 

“ S y s t e m  D e v e l o p m e n t  a n d 

O p e r a t i o n  E v a l u a t i o n  f o r 

S m a r t  G r e e n  B u i l d i n g s ”. 

To  i l l u s t r a t e  t h i s  s u b j e c t ,  

P r o f e s s o r  C h u n g - J e n   Ts e n g 

p r e s e n t e d  u s  w i t h  t h e  p r o -

t o t y p e  t h a t  t h e y  h a v e  o n 

t h e  u n i v e r s i t y  c a m p u s .  T h i s 

6 0 - s q u a r e - m e t e r  b u i l d i n g  i s 
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Dist inguished Professor  Chung-Jen Tseng’s  presentat ion on Smar t  Green Bui ldings  © Y.  LAHMA

c o n s t r u c t e d  w i t h  h i g h  p e r -

f o r m a n c e  m a t e r i a l s  s u c h  a s 

a e r o g e l  a n d  p h a s e  c h a n g e 

materials paints.  I t  is  equipped 

w i t h  8  k W  o f  P V  f o r  e n e r g y 

production,  21.6 kWh of Li- ion 

b at te r i e s  fo r  e n e rg y  s to ra g e, 

and 5  kW of  proton exchange 

membrane fuel  cel l  for backup 

p owe r.  I t  a l s o  h a s  a n  E n e rg y 

Management System to ensure 

such things as  indoor comfor t 

a n d  a i r  q u a l i t y  a n d  t o  o p t i -

m i z e  t h e  b u i l d i n g ’s  e n e r g y 

consumption.

M o r e o v e r,  t h e  i m p l e m e n t a -

t ion of  smar t  l ight ing means 

t h a t  t h e  b u i l d i n g  h a s  v e r y 

h i g h  e n e r g y  p e r f o r m a n c e s . 

W i t h  s u c h  t e c h n o l o g i e s ,  i t 

i s  p o s s i b l e  t o  a t t a i n  e n e r g y 

savings  of  up to  35% on elec-

tr icity consumption in the res-

ident ia l  sec tor  in  summer.

	

F i n a l l y ,  w e  h a d  t h e  c h a n c e 

to  v is i t  the bui lding with the 

professors  and students  who 

warmly  welcomed us  to  their 

univers i t y.

W e  s i n c e r e l y  t h a n k 

Professor  Bor  K ae Chang f rom 

t h e  D e p a r t m e n t  o f  C h e m i c a l 

and Mater ia ls  Engineer ing for 

h is  warm welcome.  We would 

also l ike to thank the Professor 

a n d  V i c e  C h a i r m a n  o f  t h e 

D e p a r t m e n t  o f  M e c h a n i c a l 

Engineering,  Chih-Ang Chung, 

a n d  d i s t i n g u i s h e d  

P r o f e s s o r   C h u n g - J e n   Ts e n g 

f r o m  t h e  D e p a r t m e n t  o f 

M e c h a n i c a l  E n g i n e e r i n g  f o r 

t h e i r  v e r y  i n t e r e s t i n g  p r e -

sentat ions.  Final ly,  our  war m 

thanks to a l l  of  the professors 

a n d  s t u d e n t s  w h o  a t t e n d e d 

o u r  p r e s e n t a t i o n  f o r  t h e i r 

a t t e n t i o n  a n d  v e r y  r e l e v a n t 

quest ions.

Lyes  AIT  MEKOUR TA 

& Lucas  DESPOR T
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Fo c u s  o n  r e g u l a t i o n ,  l o n g - t e r m 
p ro s p e c t i ve  a n d  n e w  t e c h n o l o g y 
at  ITRI

W e vis i ted the ITRI  head-

quar ters  in  Hs inchu on 

t h e  a f t e r n o o n  o f  Tu e s d a y , 

M a r c h  5 t h ,  2 0 1 9 ,  w h e r e  w e 

w e r e  w a r m l y  w e l c o m e d  b y 

M r .   J e a n - B a p t i s t e  F i c h e t , 

Account  Manager  at  ITRI .

T h e  I n d u s t r i a l  Te c h n o l o g y 

R e s e a rc h  I n s t i t u t e  ( I T R I )  i s  a 

Ta i w a n e s e  t e c h n o l o g y  R & D 

inst i tut ion

founded in  1973.  I t  has  more 

than 6 ,000 employees  around 

t h e  w o r l d  a t  v a r i o u s  o f f i c e s 

i n  t h e  S i l i c o n  Va l l e y  ( U S A ) , 

J a p a n ,  B e r l i n ,  M o s c o w,  a n d 

E i n d h o v e n ,  a n d  i t s  h e a d 

o f f i c e  i n  H s i n c h u ,  Ta i w a n . 

ITRI  currently  owns more than 

20,000 patents  and has  incu -

bated more than 250 star tups, 

including the Taiwanese semi-

c o n d u c t o r  g i a n t s  T M S C  a n d 

U M C .  C u r r e n t l y,  r e s e a r c h  i s 

focused on s us t a inable  e nv i-

r o n m e n t ,  s m a r t  l i v i n g  a n d 

qual i t y  health .

R e g u l at i o n  a n d  p r o s e p c t i v e 
m o d e l i n g

T h e  f i r s t  p r e s e n t a t i o n  w a s 

made by Dr.  Tae - Chin Pan,  the 

project ’s senior researcher and 

manager  of  decis ion suppor t 

fo r  i n d u s t r i a l  e n e rg y  co n s e r-

v a t i o n ,  a u d i t s  a n d  c o n s u l t a -

t ions.  98% of  Taiwan’s  energy 

consumption is  impor ted and 

90% comes from fossi l  energy. 

T h e  i n d u s t r i a l  s e c t o r  i s  t h e 

p r i m a r y  c o n s u m e r  o f  e n e rg y 

with 37% of  the share  of  total 

c o n s u m p t i o n ,  f o l l o w e d  b y 

t ranspor t  at  12% and the res-

ident ia l  sec tor  at  11%.

Taiwan’s  goal  i s  to  reduce the 

co n s u m p t i o n  s h a re  o f  i n d u s-

t r i e s  b y  5 0 %  b e t w e e n  2 0 0 5 

a n d  2 0 2 5 .  Ta i w a n  i n c l u d e s 

3,200 factories with an annual 

power  contrac t  of  more than 

8 ,000 kW.  They are  subjec t  to 

audits  ever y  4  years  and have 

t o  p r o d u c e  a n n u a l  e n e r g y 

c o n s e r v a t i o n  p l a n s .  I n  a d d i -

t i o n ,  t h e y  m u s t  d e c l a r e  a n y 

new insta l lat ion or  expansion 

o f  f a c i l i t i e s ,  w h i c h  m u s t  b e 

approved by the centra l  com-

petent  author i t y.

The Bureau of Energy has man-

dated a target of 1% electricity 

sav ings  per  year  for  a l l  la rge 

e n e r g y  u s e r s  w i t h  c o n t r a c t 

capacities higher than 800 kW. 

I f  this goal is  not achieved, the 

users wil l  have to pay a f ine.  In 

addit ion,  the  Ta iwanese gov-

e r n m e n t  h a s  i m p l e m e n t e d 

World mean SEC Values  © ITRI
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a  m a x i m u m  s p e c i f i c  e n e r g y 

consumption (SEC )  threshold 

f o r  d i f f e r e n t  m a n u f a c t u r i n g 

s y s t e m s  t h a t  c o r re s p o n d s  t o 

the total  energy consumption 

per  uni t  o f  produc t .  I n  2012, 

the average SECs for  the k i ln 

process  and cement  plants  in 

Taiwan was the lowest  in  the 

wor ld.

I n  the future,  th is  mechanism 

s h o u l d  o n l y  i n c l u d e  e n e r g y 

c o n s u m p t i o n  d e r i v e d  f r o m 

foss i l  fuel  in  order  to  encour-

age the use of non-fossi l  fuels. 

T h e  S E C  d a t a  c o u l d  b e  u s e d 

to  develop an SEC benchmark 

scheme through which fac to -

r ies or industries with the best 

S E C s  re c e i ve  s p e c i a l  aw a rd s , 

w h i c h  w o u l d  f u r t h e r  e n a b l e 

f a c t o r i e s  t o  l e a r n  f ro m  e a c h 

other.

Dr.  Yi -Huang Wu,  a  researcher 

a t  I T R I ,  i s  d e v e l o p i n g  t h e 

I T R I - CG E  m o d e l  t o  c a r r y  o u t 

p o l i c y  s i m u l a t i o n  a n a l y -

s i s  o f  e n e r g y  a n d  e c o n o m y. 

H e  i s  wo r k i n g  o n  t h e  Ta i w a n 

TIMES model .  The 3E “Energy, 

E n v i r o n m e n t  a n d  E c o n o m y ” 

m o d e l s  a s  we l l  a s  “ 2 0 5 0  c a l -

c u l a t o r ” a r e  u s e d  t o  o b t a i n 

more information in  real  t ime 

t o  i d e n t i f y  p ro b l e m s  re l a t e d 

to  energy.  They are  a lso  deci -

s i o n  s u p p o r t  t o o l s  f o r  t h e 

Ta i w a n e s e  g o v e r n m e n t .  I T R I 

researchers  are  a lso  integrat-

ing health impac t  assessment 

d at a b a s e s  i nto  Ta i wa n  T I M E S 

m o d e l  o p t i m i z a t i o n  p ro ce s s . 

They are studying the impacts 

of power development plan on 

air-pol lut ion,  nat ional  health, 

e n v i r o n m e n t  a n d  e c o n o m y. 

ITRI  has  an impor tant  ro le  in 

the decision-making of energy 

policies in Taiwan since it  rep -

resents the major energy think 

t a n k .  R e s e a r c h e r s  p r e s e n t 

their  results  to  the Bureau of 

Energy,  which wi l l  then make 

d e c i s i o n s  t o  s u b m i t  t h e m  t o 

t h e  n a t i o n a l  g o v e r n m e n t  o f 

Ta i w a n  a s  we  c a n  s e e  i n  t h e 

f igure  below.

Notable  answers  to  the ques-

t i o n s  p o s e d  by  O S E  s t u d e nt s 

include environmental  pol ic y 

t a rg e t s .  I n  f a c t ,  i n  2 0 2 5 ,  t h e 

g o v e r n m e n t  p l a n s  t h e  f i n a l 

s h u t d o w n  o f  n u c l e a r  p o w e r 

p l a n t s  a n d  t h i s  d e c i s i o n  i s 

i n f l u e n c e d  b y  t h e  f a c t  t h a t 

stor ing nuclear  waste  is  d i f f i -

cult  in  Taiwan,  given the r isk y 

geological  s ituation related to 

ear thquakes.  As  the presiden-

t i a l  e l e c t i o n s  a p p r o a c h ,  t h e 

p o l i c y  a d o p t e d  w i l l  d e p e n d 

m a i n l y  o n  t h e  n e x t  p r e s i -

dent .  For  now,  the people  are 

e ncourag e d to  be come more 

involved in  energy issues.

Role  of  ITRI  for  decis ion markers  in  energy © ITRI
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T e c h n o lo g y  s h o w r o o m

T h e  t e c h n o l o g y  s h o w r o o m 

i s  a n  e x h i b i t i o n  s h o w c a s i n g 

t h e  b e s t  t e c h n o l o g y  d e v e l -

oped at  the laborator y.  Some 

o f  t h e  re s e a rc h e r s  h ave  wo n 

the most  prest igious  compe -

t i t i o n s  i n c l u d i n g  t h e  w e l l -

k nown R & D 100 Awards.

M r s .  J e s s i c a  M a  to o k  u s  o n  a 

tour  of  the most  state - of-the -

a r t  i n n o v a t i o n s  c o n c e r n i n g 

energy and the environment : 

E n t e r i n g  t h e  s h o w r o o m ,  w e 

discovered a curious and lumi-

nous tree,  called the “eco tree”. 

I t  i s  a c t u a l l y  a  d e m o n s t rato r 

o f  d i f f e r e n t  i n - h o u s e  t e c h -

n o l o g i e s .  B e t w e e n  t h e  t r e e 

b r a n c h e s ,  t h e  g l a s s  c a n o p y 

c o n t a i n s  t r a n s p a r e n t  m i c r o -

opt ica l  f i lms  that  are  able  to 

re d i re c t  t h e  s u n l i g h t  o n t o  a 

solar  cel l ,  p laced at  i ts  s ide.

At the base of the tree,  the eco 

pool  i s  able  to  rec ycle  water.

Around the  t ree,  the  innova -

t i o n  e x h i b i t i o n  b e gi n s .  Fi r s t , 

a  tex t i le  dyeing process  uses 

s u p e rc r i t i c a l  CO 2 a n d  t o t a l l y 

respects the environment.  Not 

only does it  consume no water, 

i t  a lso  re leases  no chemicals .

T h e n ,  a  w a t e r  p u r i f i c a t i o n 

p r o c e s s  u s i n g  a n  L E D  c h i p 

d e v e l o p e d  i n - h o u s e ,  w h i c h 

r e p l a c e s  c o n v e n t i o n a l  U V 

t e c h n o l o g y.  T h e  a d v a n t a g e 

of  this  process  is  that  i t  does 

w i t h o u t  t h e  u s e  o f  t o x i c 

mercur y.

Nex t  in  the exhibit ion comes 

a n  i n n o v a t i v e  a n d  c o m p l e x 

l i q u i d  c r y s t a l  r e c y c l i n g 

p r o c e s s ,  w h i c h  i s  t h e  r e s u l t 

o f  t e n  y e a r s  o f  l a b o r a t o r y 

research.

N o w  c o n c e r n i n g  b a t t e r i e s 

and energy,  a  polymer  mate -

r ia l  which was  created at  the 

i n s t i t u t e  c a n  t r i p l e  t h e  l i f e 

o f  l i t h i u m - i o n  b at te r i e s .  I t  i s 

c a l l e d  Sto b a  a n d  fo l l ows  t h e 

growth of  the SEI  layer  (S ol id 

Electrolyte Interphase) ,  which 

m e a n s  b e t t e r  c o n t r o l  a n d 

s lower  ageing.

I n  p a r a l l e l ,  a n  U l t r a - F a s t 

C h a r g i n g  A l u m i n u m - I o n 

b a t t e r y  h a s  b e e n  d e v e l o p e d 

i n  c o l l a b o r a t i o n  w i t h  t h e 

U n i v e r s i t y  o f  S a n d fo r d .  T h i s 

t y p e  o f  b a t t e r y  h a s  a  re c o rd 

charging t ime of less than one 

m i n u te  a n d  i m p rove d  s a fe t y, 

t h a n k s  to  i t s  i n n ov a t i ve  a l u -

m i n u m -  g r a p h i t e  s t r u c t u r e . 

I t s  l o w  c o s t  a n d  f a s t  c h a r g -

i n g  c a p a c i t y  m a k e s  i t  s u i t e d 

t o  a p p l i c a t i o n s  l i k e  s u s t a i n -

a b l e  m o b i l i t y  a n d  re n e wa b l e 

energy storage.

F i n a l l y ,  a  f a s c i n a t i n g 

5 G - c o n n e c t e d  d r o n e  c a n  b e 

c o n t r o l l e d  f r o m  L a s  V e g a s 

but  located in  Taiwan,  thanks 

t o  i t s  i n g e n i o u s  s o f t w a r e 

m a n a g e m e nt  s ys te m .  O n  to p 

o f  t h a t ,  i t  c a n  b e  r e c h a r g e d 

quick ly  and does  not  require 

h u m a n  i n t e r v e n t i o n  t h a n k s 

t o  a n  i n t e l l i g e n t  c h a r g i n g 

b a r,  w h i c h  c a n  b e  p l a c e d  i n 

c o n t a c t  w i t h  t h e  s t r u c t u r e . 

Interesting applications could 

be r isk y  monitor ing miss ions 

and remote areas.

W e  w o u l d  l i k e  t o  w a r m l y 

t h a n k  a l l  o f  t h e  t e a m  w h o 

w e l c o m e d  u s  t o  t h e  I T R I 

I n s t i t u t e  a n d  s h a r e d  t h e i r 

e x c i t i n g  w o r k  w i t h  u s :  

Jean-Baptist Fichet, Jessica Ma,  

Dr.  Tze -Chin Pan, Dr.  Yi-Hua Wu 

and their  col leagues.

Laura  SOBRA &

R ihab BEN MOKHTAR
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Master  Ose students  accompagnied by Gi l les  Guerass imoff,  Mei l ing Tsai  (Ubik  Consult ing)  and  

Jean-Bapt iste  Fichet  ( ITRI )  à  l ’ ITRI  © Y.  LAHMA   

ITRI ’s  bui ld ings  © ITRI  
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C o n f e r e n c e s  a t  N a t i o n a l  C h e n g -
Kung Univers i t y

D e s p i te  t h e  d i m  s u n s h i n e 

t h e  h e a t  w a s  i n te n s e  o n 

W e d n e s d a y  9  M a r c h  w h e n 

the 21 OSE master ’s  students 

attended National Cheng Kung 

U n i ve r s i t y  ( N C K U )  i n  Ta i n a n , 

south of the island, for a day of 

d iscuss ions  with var ious  rep -

r e s e n t a t i v e s  f r o m  t h i s  p r e s -

t i g i o u s  u n i v e r s i t y.  Fo u n d e d 

in  1931 and with  21 ,805 stu -

dents  in  2015,  the  univers i t y 

comprises  nine facult ies  spl i t 

over  four  campuses.  The OSE 

group was hosted on the main 

c a m p u s ,  a t  t h e  s c i e n c e  a n d 

m a t e r i a l s  d e p a r t m e n t  o f  t h e 

engineering faculty.  Following 

a warm welcome by Weil i  Teng 

a n d  C h i a -Yu a n   C h e n ,  re s p e c -

t ive ly  coordinator  and d i rec-

t o r  o f  i n t e r n a t i o n a l  r e l a -

t i o n s ,  t h e  m o r n i n g  o f  c o n -

f e r e n c e s  k i c k e d  o f f  w i t h  a 

w o r d  o f  i n t r o d u c t i o n  f r o m 

p r o f e s s o r s  Ye n - J o n g  C h e n 

a n d  J o w - L a y   H u a n g,  r e s p e c -

t ively director of  the Research 

Center  for  Energy Technology 

a n d  S t rate g y  a n d  d i re c to r  o f 

the Hierarchical  Green-Energy 

Materials  Research Center (Hi-

GEM).  Professor Chen spoke of 

t h e  i s l a n d ’s  s p e c i f i c  fe at u re s 

a n d  t h e  c o n s t r a i n t s  o n  i t s 

energy system, and concluded 

his  introduc t ion with the fol -

lowing summar y of  the s i tua-

t ion :  “ You can’t  k now Ta iwan 

w i t h o u t  c o m i n g  t o  Ta i w a n”. 

T h e  O S E  m a s t e r ’s  s t u d e n t s 

t h e n  to o k  t h e  f l o o r  to  b e gi n 

the conferences.

Fo l l o w i n g  a  p r e s e n t a t i o n  o f 

t h e  m a s t e r ’s  p r o g r a m  a n d 

school  by Gi l les  Guerassimoff, 

t wo  g ro u p s  o f  s t u d e n t s  s u c -

c e s s i v e l y  g a v e  t w o  t a l k s  o n 

t h i s  y e a r ’s  t h e m :  “ Po t e n t i a l 

f u t u r e  e n e r g y  s o u r c e s  f o r 

s u s t a i n a b l e  m o b i l i t y ”.  T h e 

f i rst  presentat ion took up the 

t h e m e  o f  e l e c t r i c  v e h i c l e s 

presented the previous day at 

N T U.  Th e  s e c o n d  fo c u s e d  o n 

e x i s t i n g  i n ce nt i ve s  a n d  p o l i -

c ie s  for  de car bonize d mobi l -

i t y.  Fol lowing a  review of  the 

current  greenhouse gas  emis-

s ions s i tuat ion relat ing to the 

transpor t  and mobil i ty  sector, 

and the targets  for  decarbon-

iz ing the sector,  the presenta-

t ion moved on to  look at  the 

policies in place to meet these 

o b j e c t i v e s .  I t  b e g a n  w i t h  a 

presentat ion of  the European 

t a r g e t s  a n d  t h e n  c o n c e n -

t r a t e d  o n  t h e  Fre n c h  p o l i c y. 

T h e  s t u d e n t s  a l s o  d e s c r i b e d 

the var ious incentives for  new 

Master  OSE students  ar r iv ing at  the Mater ia l  Engineer ing Sciences 

Depar tment  © M.  TOULOT
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m o b i l i t y  p r a c t i c e s  a n d  t h e 

u s e  o f  n e w  a l t e r n a t i ve  f u e l s 

l ike  e lec tr ic i t y,  hydrogen and 

b i o f u e l .  I n  t h e  l a s t  p a r t ,  t h e 

s t u d e n t s  s h o we d  t h e  i m p o r -

t a n c e  a n d  m e t h o d o l o g y  o f 

a  p r o s p e c t i v e  a p p r o a c h  t o 

s u p p o r t  d e c i s i o n - m a k i n g  t o 

m e e t  m o b i l i t y  d e c a r b o n i z a -

t ion targets.

T h e  t w o  p r e s e n t a t i o n s  w e r e 

p o s i t i v e l y  r e c e i v e d  b y  t h e 

a u d i e n c e ,  m a i n l y  c o m p r i s -

ing lec turers ,  s tudents  and a 

few members  f rom the French 

O f f i c e  i n  Ta i p e i .  T h e y  w e r e 

fo l lowed by a  t went y-minute 

quest ion and answer  sess ion 

involv ing interest ing debates 

o n  s e v e r a l  t o p i c s .  T h e  v e h i -

c le - to - gr id  s ys tem  des cr ib ed 

i n  t h e  f i r s t  p re s e nt at i o n  wa s 

the subject of  numerous ques-

t ions,  inc luding the poss ibi l -

i t y  of  us ing stored energy  in 

a  v e h i c l e ’s  b a t t e r y  f o r  p e r -

sonal  domest ic  consumption, 

and on di f ferent  current  proj-

ec ts  and exper i ments  on  the 

s y s t e m .  T h e  d i s c u s s i o n  a l s o 

f o c u s e d  o n  t h e  i m p o r t a n c e 

o f  t a k i n g  s o c i a l  f a c t o r s  i n t o 

account when drawing up pol-

i c i e s  t o  e n c o u r a g e  c h a n g e . 

T h i s  d i s c u s s i o n  h i g h l i g h t e d 

t h e  m a j o r  d i f f i c u l t y  o f  c o n -

s i d e r i n g  i n d i v i d u a l s ’ b e h a v -

ior  when establ ishing pol ic ies 

to  change behavior  patterns. 

Quest ions  then turned to  the 

prospec t ive  model  presented 

in  the  second ta lk ,  inc luding 

w h e t h e r  i t  i nte grate s  b e h av-

ior  inf luence constra ints  and 

a  s o c i a l  f a c t o r.  A  t h e s i s  i s 

i n  f a c t  c u r r e n t l y  u n d e r  w a y 

a t  t h e  C e n t e r  f o r  A p p l i e d 

M a t h e m a t i c s  t o  i n t r o d u c e 

t h e s e  a s p e c t s  i n t o  p r o s p e c -

t i v e  m o d e l s .  A  t h i r d  m a j o r 

exchange centered on hydro -

g e n  a s  a  s o u r c e  o f  e n e r g y. 

T h i s  h a d  b e e n  e x p e c t e d  b y 

t h e  s t u d e nt s  b e c a u s e  hyd ro -

g e n  i s  t h e  s u b j e c t  o f  e x t e n -

s i v e  r e s e a r c h  o n  t h e  i s l a n d . 

Q u e s t i o n s  f o c u s e d  o n  t h e 

d e v e l o p m e n t  p e r s p e c t i v e s 

o f  t h i s  s o u rce  i n  Fr a n ce.  Th e 

d i s c u s s i o n  w a s  a n  o c c a s i o n 

t o  d e s c r i b e  t h e  p ro b l e m s  o f 

insuff icient infrastructure and 

i ts  cost ,  as  wel l  as  the cost  of 

t h e  c u r r e n t  d e v e l o p m e n t  o f 

embedded hydrogen storage. 

T h e  o b s e r v a t i o n  w a s  m a d e 

that  investment  decis ions  on 

d e ve l o p i n g  a l t e r n a t i ve  f u e l s 

are  a lmost  automatical ly  cor-

re lated to  a  countr y ’s  energy 

p o l i c y :  i n  f a c t ,  d e c a r b o n i ze d 

elec tr ic ity  and a highly  devel-

oped network favor the devel-

o p m e n t  o f  e l e c t r i c  v e h i c l e s 

in  France,  whereas  in  Taiwan, 

t h i s  t y p e  o f  v e h i c l e  i s  n o t  a 

pr ior ity  because the countr y ’s 

e l e c t r i c i t y  p ro d u c t i o n  m i x  i s 

highly  carbonated.  Last ly,  the 

r e m a r k s  l e d  t o  a n  e xc h a n g e 

on the French elec tr ic i t y  pro -

duc t ion mix  and the i ssue of 

n u c l e a r  e n e rg y,  a  co n t rove r-

s i a l  e n e r g y  s o u r c e  i n  b o t h 

countr ies. 

Presentat ion of  the incent ive  pol ic ies   © M.  TOULOT
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A f t e r  h i g h l y  i n s t r u c t i v e  d i s -

cuss ions  for  both par t ies  and 

a  w e l l - d e s e r v e d  t e a  b r e a k , 

t h e  O S E  m a s t e r ’s  s t u d e n t s 

a t t e n d e d  a  p r e s e n t a t i o n  o f 

Hi-GEM by its director and pro-

fessor,  Jow Lay Huang. Hi-GEM 

is  a research center that works 

on new mater ia ls  for  greener 

e n e r g y.  T h e  c e n t e r ’s  o b j e c -

t ive  i s  to  develop new mate -

r ials  technologies that respect 

the environment and are suit-

a b l e  fo r  s t o r a g e  a n d  e n e r g y 

convers ion,  a long with smar t 

energy systems.  H i - GEM com-

pr ises  29  lec turers  and three 

P h D  s t u d e n t s .  T h e  c e n t e r ’s 

main research subjec ts  cover 

s i x  m a j o r  t e c h n o l o g i e s ,  i . e . 

fue l  ce l l s ,  photovolta ic  ce l l s , 

super capacitors,  a  second l i fe 

for  batter ies,  sol id-state  bat-

ter ies,  and integrated energy 

s y s t e m s .  H i - G E M  i s  i n  a  f a s t 

d e v e l o p m e n t  s t a g e  a n d  h a s 

concluded numerous interna-

t ional  par tnerships  involv ing 

36 projec ts  over  the last  f ive 

years.  I n  Taiwan,  the research 

center works with NCKU, seven 

other universit ies and another 

r e s e a r c h  c e n t e r.  H i - G E M  i s 

k e e n  t o  p r o m o t e  i n n o v a t i o n 

a n d  g r e a t e r,  f a s t e r  i n t e g r a -

t i o n  o f  t h e s e  n e w  m a t e r i a l s 

i n t o  i n d u s t r y.  I t  a l s o  h a s  i t s 

own Lithium batter y assembly 

l ine  and i ts  own photovolta ic 

panel  produc t ion l ine.  I n  the 

l o n g  t e r m ,  t h e  c e n t e r  wo u l d 

l ike to continue to expand and 

forge new internat ional  par t-

n e r s h i p s  w i t h  a n  e s t i m a t e d 

budget  of  €  1 .7  M f rom 2018 

to  2023.

To conclude the highly  infor-

mative  morning,  the students 

v is i ted  d i f ferent  laborator ies 

a t  t h e  e n g i n e e r i n g  m a t e r i -

a l s  a n d  s c i e n c e  d e p a r t m e n t , 

a c c o m p a n i e d  b y  P r o f e s s o r 

Changshu Kuo.  They were able 

to  obser ve the var ious  highly 

a d v a n c e d  t o o l s  a v a i l a b l e  t o 

NCKU univers i t y  students  for 

The students  and their  audience © Y.  LAHMA
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t h e i r  re s e a rc h .  Th i s  i n c l u d e d 

t h e  d e m o n s t r a t i o n  o f  t w o 

m i c r o s c o p e s  t o  a n a l y z e  t h e 

impact of  a magnetic f ield and 

t e m p e r a t u re  o n  t h e  k i n e t i c s 

of  chemical  reac t ions  and the 

composite  e lements  of  d i f fer -

ent  mater ia ls . 

T h e  e v e n t  w a s  a n  o c c a -

s i o n  f o r  i n t e r e s t i n g ,  e n t h u -

s i a s t i c  e x c h a n g e s  b e t w e e n 

t h e  O S E  m a s t e r ’s  s t u d e n t s 

a n d  v a r i o u s  N C K U  m e m b e r s . 

We  w o u l d  t h e r e f o r e  l i k e  t o 

w a r m l y  t h a n k  p r o f e s s o r s  

H o n g - T z e r  Y a n g , 

Y e n - J o n g   C h e n ,  

C h i a - Y u a n   C h e n  a n d 

Jow-Lay Huang for  their  warm 

welcome,  and a l l  of  the NCKU 

m e m b e r s  w h o  h o n o r e d  u s 

w i t h  t h e i r  p r e s e n c e ,  a s  w e l l 

a s  m e m b e r s  o f  t h e  F r e n c h 

O f f i c e  i n  Ta i p e i ,  i n  p a r t i c -

u l a r  J o n a t h a n  D r u b a y  a n d 

Sasha Ting for  organiz ing the 

conference. 

Last ly,  we would l ike  to  thank 

a l l  o f  t h o s e  w h o  a t t e n d e d 

the event ,  without  whom this 

e x c h a n g e  w o u l d  n o t  h a v e 

been poss ible. 

M axence TOULOT

Professor  Huang present ing H i- GEM organisat ion
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NCKU An-Nan Campus
M a g i c  S c h o o l  o f  g r e e n 
t e c h n o lo g y

Our v is i t  to  the NCKU An-Nan 

C a m p u s  s t a r t e d  w i t h  t h e 

r e n o w n e d  M a g i c  S c h o o l  o f 

G r e e n  Te c h n o l o g y.  We  w e r e 

w e l c o m e d  b y  E r i c  C h e n ,  a 

P r o j e c t  E x e c u t i v e  a t  t h e 

R e s e a r c h  C e n t e r  f o r  E n e r g y 

Technology and Strategy.

This school is a positive energy 

b u i l d i n g  r a n k e d  a s  t h e  b e s t 

Ta i w a n e s e  b u i l d i n g  f o r  t h e 

environment.  The goal  of  th is 

projec t  i s  to  ac t  as  an innova-

t ive  laborator y  for  future  sus-

ta inable  green architec ture.

This  innovat ive  magic  school 

was built  in 2011 at a total  cost 

of NT$  180 mill ion (€5 mill ion), 

i n c l u d i n g  N T $  6 0   m i l l i o n 

f rom the Univers i t y  Research 

D e v e l o p m e n t  Fu n d ,  a  d o n a -

tion of NT$20 mill ion in equip-

m e n t  f ro m  3 4  e n t re p re n e u r s 

a n d  a  d o n a t i o n  o f  N T $ 1 0 0 

m i l l i o n  f r o m  B r u c e   C h e n g , 

fo u n d e r  o f  D e l t a   E l e c t ro n i c s 

and the Magic School of  Green 

Technology. 

T h i s  u n u s u a l  p r o j e c t  i s  a 

home - grown solut ion specif ic 

t o  t h e  s u b - t r o p i c a l  w e a t h e r 

i n  Ta i w a n .  T h e  b u i l d i n g ’s 

gre e n  a rc h i te c t u re  h a l ve s  i t s 

w a t e r  a n d  e n e r g y  c o n s u m p -

t i o n  a n d  r e d u c e s  i t s  c a r b o n 

footpr int  by  37%.  I n  order  to 

a t t a i n  s u c h  e f f i c i e n c y,  m a ny 

techniques were used,  such as 

e n e r g y - s a v i n g  e q u i p m e n t ,  a 

roof  garden,  reduced a i r- con-

dit ioning,  open design,  etc.

T h e s e  t e c h n i q u e s  h e l p 

t h e  b u i l d i n g  r e a c h  a  l o w 

e n e r g y  u s a g e  i n t e n s i t y  o f  

4 3  k W h / m ²  p e r  y e a r .  T h i s 

energy usage intensit y  is  way 

below any other “green” build-

i n g  i n  Ta i w a n .  T h e  c o l u m n 

char t  below i l lustrates  a  com-

p a r i s o n  b e t w e e n  t h e  m a g i c 

school  projec t ’s  energy usage 

i nte n s i t y  a n d  ave ra g e  va l u e s 

of  other  “green” of f ice  bui ld-

ings  around the wor ld.

The Magic  School  of  Green Technology © Y.  LAHMA

Energy usage intensit y   of  “green”off ice  bui ld ings  (2011)
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D é p a r t m e n t  o f  c h e m i c a l 
e n g i n e e r i n g

We  t h e n  v i s i t e d  t h e  l a b o r a -

tor y  for  the platform technol-

ogy specia l ized in  microalgae 

bioenergy produc t ion,  which 

i s  p a r t  o f  t h e  d e p a r t m e n t 

o f  c h e m i c a l  e n g i n e e r i n g  a t 

NCKU.  We were  welcomed by  

M r .  R i - H e n g  C h e n ,  a  P h D 

s t u d e n t  a t  N C K U ,  w h o 

e x p l a i n e d  t h a t  t h e  m a i n 

m i s s i o n  o f  t h e  l a b o r a t o r y 

i s  t o  e x p e r i m e n t  o n  w a y s  o f 

a b s o r b i n g  c a r b o n  d i o x i d e 

us ing microalgae.

Different types of  micro-algae 

can be used to simulate natural 

carbon dioxide reser ves,  such 

as  oceans and trees  and thus 

h e l p  r e d u c e  t h e  a m o u n t  o f 

CO 2 in  the atmosphere.

One speci f ic  feature  of  these 

organisms is that they multiply 

q u i c k l y.  M i c r o a l g a e  a r e  f i r s t 

cu l t ivated in  a  one -ton open 

pond of  water  for  one week .  I t 

is  also possible to shor ten this 

p e r i o d  b y  p u m p i n g  a c e t a t e 

into the water  instead of  CO 2.

Every week, the pond produces 

2 kg of microalgae. The mature 

m i c r o a l g a e  a r e  t h e n  t r a n s -

ferred to another  basin where 

t h e y  s e r v e  m a n y  p u r p o s e s . 

The f i rst  i s  f i l ter ing the water 

f ro m  d i f fe re n t  p a r t i c l e s  t h a t 

a re  h a r m f u l  to  t i g e r  s h r i m p s 

b y  d e c o m p o s i n g  N O x  m o l e -

cules .  The  second pur pose  i s 

to  ser ve  as  a  food supply  for 

the shr imps af ter  being com-

p re s s e d.  A n o t h e r  p u r p o s e  i s 

to  absorb the carbon dioxide 

t h a t  i s  p u m p e d  t o  t h e  o p e n 

p o n d  v i a  a n  e x t e r n a l  p u m p. 

E v e r y  b a s i n  c o n s u m e s  4 k g 

C O 2/ w e e k .  A n o t h e r  u s e  f o r 

these algae is  to produce sub-

s t a n ce s  t h a t  c a n  p ro te c t  t h e 

ret ina f rom ultra-v iolet  rays.

Finally,  at the end of the l ifecy-

c le  of  these microalgae,  they 

can be fed to catt le  or  used as 

fer t i l izers  in  agr iculture.

Les  étudiants  devant  les  cuves  où sont  cultuvées  les  a lgues  © Y.  LAHMA
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O c e a n  E n e r g y  R e s e a r c h 
C e n t e r

Af ter  our  v is i t  to  the depar t-

m e n t  o f  c h e m i c a l  e n g i n e e r -

i n g ,  w e  w e r e  w e l c o m e d  b y 

t h e  d e p u t y  d i r e c t o r  o f  t h e 

Ta i n a n  H yd ra u l i c  L a b o rato r y, 

Dr.  Weng-Shang Chiang.  Since 

Ta i w a n  i m p o r t s  9 8 %  o f  i t s 

energy needs,  this department 

e x p e r i m e n t s  o n  t h e  e n e r g y 

potent ia l  of  t idal  waves.

T a i w a n  h a s  g r e a t  o c e a n 

e n e r g y  p o t e n t i a l .  T h e 

Kuroshio Current  is  the stron-

gest  current  in  East  As ia  with 

a  width of  200k m and a  depth 

r a n g i n g  f r o m  5 0 0  t o  1 0 0 0 m 

(see NASA map below) .

Tidal wave energy is renewable 

and predic table  as  i t  depends 

on the gravitat ional  forces  of 

the sun and moon.  The labo -

rator y studies different means 

t o  e x p l o i t  t h i s  e n e r g y  a n d 

d e v e l o p s  d i f f e r e n t  w a y s  t o 

s i m u l a te  w ave s  a n d  c u r re n t s 

s imi lar  to  real  environments.

A c c o r d i n g  t o  

D r.  W e n g - S h a n g   C h i a n g ,  a 

turbine with ver t ical  blades is 

the most promising method to 

harness  ocean energy.   These 

t u r b i n e s  c a p t u r e  t h e  p o w e r 

o f  t i d a l  w a v e s  w h a t e v e r  t h e 

d i r e c t i o n  o f  t h e  c u r r e n t .  I n 

addit ion,  studies  showed that 

the  hor izontal  component  of 

t h e  e n e r g y  i s  m u c h  h i g h e r 

t h a n  t h e  ve r t i c a l  co m p o n e nt 

of  the energy.

However, this technology faces 

many chal lenges.  Fi rst ,  corro -

sion and biofouling effects are 

a  c r u c i a l  i s s u e  fo r  m a t e r i a l s 

immersed in  the  ocean s ince 

t h e y  g r e a t l y  d e c r e a s e  t h e 

y ie ld  of  the turbines.  S econd, 

e l e c t r i c i t y  s t o r a g e  a n d  d i s -

t r ibut ion problems can make 

p r o j e c t s  e c o n o m i c a l l y  n o n -

v i a b l e  b e c a u s e  o f  t h e  h i g h 

costs  of  systems that  need to 

withstand extreme conditions. 

Final ly,  the slow rotar y speeds 

of  turbines  make i t  necessar y 

to  insta l l  more  equipment  in 

o r d e r  t o  r e a c h  t h e  s t a n d a r d 

a lternat ive f requenc y of  60H z 

in  Taiwan.

We would l ike  to  thank a l l  of 

t h e  m e m b e r s  o f  t h e  A n - N a n 

N C K U  c a m p u s  fo r  t h e i r  k i n d 

w e l c o m e .  We  a l s o  g i v e  o u r 

special  thanks to Dr.  Eric Chen, 

P h d  s t u d e n t  R i - H e n g  C h e n , 

a n d  D r.  We n g - S h a n g  C h i a n g 

for  their  ver y  instruc t ive  pre -

sentat ions  that  expanded our 

knowledge of new sustainable 

a n d  i n n ov a t i ve  te c h n o l o gi e s 

of  the future.

Yacine LAHMA
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The students  and Dr.  Weng-Shang Chiang © Y.  LAHMA

Ocean Energy Research Center  of  NCKU © Y.  LAHMA
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Ciel  et Terre:  visit  of a f loating solar 
power  plant
O n  W e d n e s d a y  6 t h  M a r c h , 

Audrey Leblic and Jasmine Lin, 

from the company Ciel et Terre, 

i n t r o d u c e d  u s  t o  a  f l o a t i n g 

solar  power  p lant ,  located in 

the Tainan Science Park  in  the 

south of  the is land.

C i e l  e t  Te r r e  i s  a  F r e n c h 

c o m p a n y,  w h o s e  h e a d q u a r -

t e r s  a r e  l o c a t e d  i n  L i l l e .  I t 

was created in 2006 and today 

h a s  a b o u t  1 0 0  e m p l oye e s  a l l 

o v e r  t h e  w o r l d .   O r i g i n a l l y, 

C i e l  e t  Te r r e  s p e c i a l i z e d  i n 

i n s t a l l i n g  s o l a r  p a n e l s  o n 

r o o f s  i n  Fr a n c e .  I n  t h e  e a r l y 

2 0 1 0 s ,  a f t e r  a  d r a s t i c  d r o p 

i n  t h e  fe e d - i n  t a r i f f  fo r  e l e c -

tr ic i t y  f rom PVs in  France,  the 

company decided to enter  the 

f loat ing solar  market .

T h e  f i r s t  f l o a t i n g  s o l a r 

p o w e r  p l a n t  d e v e l o p e d  b y 

Ciel  et  Terre was born in Japan 

i n  2 0 1 2 .  To d a y,  3 0 0  M W  a r e 

i n s t a l l e d  a l l  o v e r  t h e  w o r l d . 

The main advantage of  f loat -

i n g  s o l a r  p a n e l s  i s  t h a t  t h e y 

c a n  p r o d u c e  e l e c t r i c i t y  v i a 

a  r e n e w a b l e  s o u r c e  w i t h o u t 

any  land use.  This  i s  par t icu -

lar ly  re levant  on is land ter r i -

tories such as Taiwan or Japan, 

where land costs are ver y high, 

d u e  t o  s t r o n g  g e o g r a p h i c a l 

c o n s t r a i n t s  a n d  v e r y  d e n s e 

p o p u l at i o n s .  A  f l o at i n g  s o l a r 

p owe r  p l a nt  c a n  t a k e  a d v a n-

tage of  unusable  stretches  of 

water,  such as  industr ia l  lakes 

and dam storage,  to  produce 

e lec tr ic i t y  without  modify ing 

land use.  In  ar id areas,  instal l -

ing f loat ing PVs  on water  res-

er voirs  can l imit  evaporat ion. 

Maintenance is  easier  than for 

a  c lass ic  solar  power  plant ,  as 

i t  i s  e a s y  t o  c l e a n  t h e  s o l a r 

panels  us ing the water  avai l -

able  c lose by. 

C i e l  e t  Te r r e ’s  k n o w - h o w 

involves designing and install -

ing floating solar power plants. 

The solar  panels  lay  on f loats, 

w h i c h  a r e  a n c h o r e d  e i t h e r 

t o  a  b a n k  o r  a t  t h e  b o t t o m 

of  a  lake.  Or iginal ly,  the  f i r m 

sold power  plants  to  custom-

ers.  Now Ciel  et  Terre  increas-

ingly  operates  i ts  own power 

plants.  I ts  subsidiar y company 

i n  Ta i wa n  wa s  c re ate d  at  t h e 

e n d  o f  2 0 1 6  a n d  h a s  a l re a d y 

insta l led 20 MW. 

T h e  p l a n t  w e  v i s i t e d  i s  a b l e 

t o  w i t h s t a n d  w i n d s  o f  u p 

t o  2 1 0  k m / h  a n d  h a s  a n 

i n s t a l l e d  c a p a c i t y  o f  4  M W. 

I t s  p r o d u c t i o n  i s  a b o u t 

1 , 4 0 0   k W h / k W p e a k  c o m -

p a r e d  t o  1 , 0 0 0  k W h / k Wp e a k 

o n  a v e r a g e  i n  F r a n c e .  T h i s 

impress ive  result  i s  expla ined 

b y  t h e  s i g n i f i c a n t  s u n s h i n e 

i r radiat ion in  the south of  the 

i s l a n d .  T h e  p l a n t  w a s  d e l i v -

e r e d  i n  D e c e m b e r  2 0 1 8  a t  a 

co s t  o f  2 1   m i l l i o n  Ta i w a n e s e 

dollars.  The project was mostly 

f i n a n c e d  b y  J a p a n e s e  i nve s -

tors  and Cie l  et  Terre.

I n  Ta i w a n  t h e r e  i s  a  s p e c i f i c 

f e e d - i n  t a r i f f  f o r  e l e c t r i c i t y 

from solar f loating, f ixed annu-

al ly  by  Taipower  and amount-

ing to 4.9 NT$/kWh. Moreover, 

a  6 %  b o n u s  i s  gr a n te d  i f  t h e 

panels are highly eff icient and 

p r o d u c e d  i n  Ta i w a n ,  w h i c h 

i s  t h e  c a s e  a t  t h e  p l a n t  w e 

v is i ted.

T h e r e  a r e  t h r e e  p o s s i b i l i t i e s 

to  win  a  cont rac t  to  insta l l  a 

f loat ing solar  p lant  in  Taiwan. 

T h e  c o m p a n y  c a n  e i t h e r : 

c a l l  fo r  te n d e r,  b e  re q u e s te d 

direc t ly  by  customers  ( tender 

is  not  compulsor y) ,  or  contac t 

the owners  of  lakes,  which is 

what Ciel  et  Terre had done for 

the plant  we v is i ted. 
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This plant is  operated directly 

b y  C i e l  e t  Te r re ,  w h i c h  a i m s 

to achieve a  return on invest-

ment within 10 years,  bear ing 

in mind that the contract with 

Taipower  lasts  20 years.

T h e r e  i s  n o  r e g u l a t i o n  f o r 

so lar  f loat ing in  Ta iwan.  The 

Ta i w a n e s e  g o ve r n m e n t  o n l y 

recommends not  to  exceed a 

50% coverage of  the lake.  At 

this t ime, we do not know how 

this  type of  plant  impac ts  the 

loca l  ecosystem,  but  s tudies 

are  ongoing. 

To conclude, the solar f loating 

sec tor  is  booming and is  suit -

a b l e  fo r  d e n s e l y  p o p u l a t e d, 

u r b a n i z e d  t e r r i t o r i e s  s u c h 

a s  Ta i w a n ,  w h i c h  w a n t s  t o 

increase  the share  of  renew-

able energy in i ts  energy mix. 

C i e l  e t  Te r r e  i s  a  s u c c e s s f u l 

company that  has  been able 

t o  e x p a n d  a b ro a d.  I t  h a s  a n 

a m b i t i o n  t o  p o s i t i o n  i t s e l f 

in  the market  for  solar  f loat-

i n g  o n  t h e  s e a .  I n d e e d,  t h i s 

m a r k e t  w h i c h  i s  n o t  m at u re, 

r e p r e s e n t s  a n  i n t e r e s t i n g 

development perspective and 

is  a l ready being invest igated 

by industr ia ls .    

W e  w o u l d  l i k e  t o  t h a n k 

Audrey Leblic and Jasmine Lin 

fo r  t h i s  i n s t r u c t i ve  v i s i t  a n d 

for  tak ing the t ime to  answer 

a l l  o f  o u r  q u e s t i o n s  a b o u t 

solar  f loat ing.

Tr istan DELIZY &

Dor ine JUBER TIE

Float ing solar  power  plant  in  Tainan Science Park  © J .  THOMAS
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Vis i t  of  Wushantou Dam

R e s e r v o i r  c o n s t r u c t i o n 

s t a r t e d  i n  1 9 3 0  a n d 

lasted 10 years,  dur ing which 

t i m e  1 3 4  w o r k e r s  d i e d ,  n o w 

marked by a  memoria l .  I t  was 

designed during the Japanese 

o c c u p a t i o n  b y  t h e  e n g i n e e r 

Yoichi  Hatta .  The or iginal  a im 

o f  t h e  r e s e r v o i r  w a s  t o  r e g -

u l a t e  t h e  i r r i g a t i o n  o f  f a r m -

l a n d s  i n  n e a r b y  C h i a n a n .  I t 

represents  90,000 hec tares  of 

arable lands and produces the 

h i g h e s t  q u a n t i t i e s  o f  r i c e  i n 

Taiwan.

With a  height of  56 m,  a  width 

of 1,273 m and a water sur face 

of  13 k m 2,  i t  was  designed as 

the largest  reser voir  in  As ia .

W h e n  i t  w a s  i n a u g u r a t e d , 

i t  h a d  a  t o t a l  c a p a c i t y  o f 

150 mil l ion m3. However,  sand 

and rocks  have s ince stacked 

a t  t h e  b o t t o m  o f  t h e  r e s e r -

vo i r  re d u c i n g  i t s  c a p a c i t y  to 

80 mi l l ion m 3.

M o r e o v e r,  s i g n i f i c a n t  q u a n -

t i t i e s  o f  g a r b a g e  a n d  w a s t e 

water  are  discharged into the 

reser voir  which has  led to  the 

i n s t a l l a t i o n  o f  n e t s  t o  f i l t e r 

them.

I n  order  to  make the most  of 

the  potent ia l  energy  storage 

o f  t h e  i n f r a s t r u c t u r e ,  t h e 

co n s t r u c t i o n  o f  a  hyd ro e l e c -

tr ic  power  plant  began at  the 

end of  2000.  The total  cost  of 

t h e  p r o j e c t  a t  t h e  t i m e  w a s  

NT$ 360 mi l l ion and the f i rst 

e l e c t ro n s  we re  i n j e c t e d  i n t o 

the Taiwanese gr id  in  August 

2002.  The plant  is  owned 70% 

b y  t h e  C h i a n a n  I r r i g a t i o n 

A s s o c i a t i o n  a n d  3 0 %  b y  t h e 

F o r m o s a  C h e m i c a l s  F i b e r 

Corporat ion.

T h i s  p l a n t  h a s  t w o  t u r b i n e s 

and a  nominal  power  of  9  MW 

(2  x  4 .5  MW ).  The head height 

is  rather  low (20 m),  therefore 

it  is  f itted with Kaplan turbines 

w i t h  a n  ave r a g e  f l ow  ra te  o f 

about 15 t/s  for  303 rpm. Over 

the  year,  th is  p lant  produces 

Af t e r  a n  e a r l y  d e p a r t u re  f ro m  t h e  h o t e l  i n  Ta i n a n  a n d  a  o n e - h o u r  d r i ve ,  we  a r r i ve d  n e a r 

Guant ian in  Wushantou,  which has  given i ts  name to a  dam and reser voir.  We were welcomed 

by M r.  Zhen,  the reser voir  manager  and control  room engineer,  who expla ined to  us  how the 

power  plant  works  and told  us  the histor y  of  the reser voir.

Aer ia l  v iew of  the Wushantou reser voir  © stock- c l ip.com
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an average of  42 ,170 MWh for 

l e s s  t h a n  1 0 0  d ays  o f  o p e ra -

t ion.  The most  ac t ive  months 

a r e  f r o m  A p r i l  t o  J u n e  w i t h 

t h e  m o n s o o n  a n d  f ro m  J u n e 

t o  S e p t e m b e r  d u r i n g  t h e 

typhoon season. All  electr icity 

produced at the dam is bought 

by Taipower  at  a  var iable  rate 

d e p e n d i n g  o n  t h e  t i m e  o f 

d a y.  T h e  p l a n t  e m p l o y s  fo u r 

people  to  operate  24/7 :  three 

operators  work  on e ight-hour 

shi f ts  under  the direc t ion of  a 

super visor.

T w o  o t h e r  h y d r o e l e c t r i c 

plants  have been bui lt  to take 

advantage of  the  Wushantou 

R e s e r v o i r ’s  e n e r g y  s t o r a g e 

p o t e n t i a l .  T h e s e  t w o  o t h e r 

faci l i t ies add a nominal  power 

of approximately 12 MW to the 

Wushantou s i te.

S ince the 1970s,  the reser voir 

h a s  b e e n  a  p o p u l a r  t o u r i s t 

spot in Taiwan. I t  now includes 

a n  a q u a t i c  p a r k ,  a  m e m o r i a l 

d e d i c a t e d  t o  Yo i c h i  H a t t a , 

and a museum recounting the 

histor y  of  the construc t ion of 

the reser voir  and the l i fe of  its 

des igner.

We  a r e  v e r y  g r a t e f u l  t o  t h e 

Chianan I rr igation Association 

for  mak ing our  v is i t  poss ible.

Flor ian MARCHAT &

Valent in  MATHIEU

Output  of  one of  the turbines                

©  F.  MARCHAT

Command center  © F.  MARCHAT

I naugurat ion of  the plant  in  2002 © F.  MARCHAT
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Tsing Hua Univers i t y

A f t e r  t a k i n g  t h e  p o p u l a r 

H i g h  S p e e d  R a i l  ( H S R ) 

t ra i n  f ro m  Ta i n a n  to  H s i n c h u 

to  g o  u p  t h e  We s t  Co a s t ,  we 

arr ived at  Nat ional  Ts ing Hua 

U n i v e r s i t y  o n  t h e  a f t e r n o o n 

of  Thursday,  7 th March to  v is i t 

the thi rd  and f inal  univers i t y 

of  the tr ip.  NTHU is  one of  the 

most  prest igious  univers i t ies 

in East Asia.  I t  was established 

in 1911 in Beij ing before being 

exi led to  Hsinchu in  1956 as  a 

result  of  the Chinese c iv i l  war 

with the f l ight  of  the govern-

ment of  the Republ ic  of  China 

t o  Ta i w a n .  T h e  u n i v e r s i t y  i s 

d i v i d e d  i n t o  7  c o l l e g e s ,  1 7 

depar tments  and 22 research 

i n s t i t u t e s .  A p p r o x i m a t e l y 

1 6 , 0 0 0  s t u d e n t s  i n c l u d -

i n g  1 , 7 3 6  P h D  s t u d e n t s  a r e 

e n r o l l e d  a t  t h e  u n i v e r s i t y , 

which also boasts  three Nobel 

Pr ize  a lumni .

W e  w e r e  w e l c o m e d  i n  t h e 

r a i n  b y  D r.  R o n g - J i u n  S h e u 

and then sett led in  a  room at 

the  NTHU Col lege of  Nuclear 

Science.  This  col lege has more 

t h a n  1 , 0 0 0  s t u d e n t s  d i v i d e d 

m a i n l y  b e t we e n  t wo  d e p a r t -

m e n t s  b u t  a l s o  t h r e e  i n s t i -

t u t e s .  I t s  r e s e a r c h  a c t i v i t i e s 

focus on peaceful  applications 

of  nuclear  energy.  Although it 

d id  not  inc lude a  conference 

b y  O S E  s t u d e n t s  o n  m o b i l -

i t y,  the  v is i t  d id  feature  pre -

s e n t a t i o n s  b y  l o c a l  t e a c h e r -

r e s e a r c h e r s  f o l l o w e d  b y  a 

v is i t  of  the univers i t y ’s  THOR 

n u c l e a r  f a c i l i t i e s .  T h e  a u d i -

e n c e  w a s  m a i n l y  c o m p o s e d 

o f  t h e  M a s t e r ’s  s t u d e n t s , 

t wo  s c i e n t i f i c  a t t a c h é s  f r o m 

t h e  R e p re s e n t a t i ve  O f f i c e  o f 

France in Taipei ,  international 

relations representatives from 

N T H U,  a n d  s e v e r a l  m e m b e r s 

a n d  p r o f e s s o r s  f r o m  t h e 

Col lege of  Nuclear  S c ience.

Fo l l o w i n g  t h e  r i t u a l  g r e e t -

i n g s  m a d e  b y  D r.  R o n g -J i u n 

S h e u ,  t h e  f l o o r  w a s  g i v e n 

t o  D r.  G i l l e s   G u e r a s s i m o f f , 

h e a d  o f  M S  O S E ,  t o 

p r e s e n t  M N E S   P a r i s Te c h , 

PSL Univers i t y,  the Center  for 

A p p l i e d  M a t h e m a t i c s  ( C M A ) 

a t  S o p h i a - A n t i p o l i s  a n d  t h e 

M a s t e r  o n  E n e r g y  S y s t e m s 

O p t i m i z at i o n  ( M S  O S E ) .  N e x t 

came the turn of  the direc tor 

o f  t h e  N u c l e a r  E n g i n e e r i n g 

&  S c i e n c e  I n s t i t u t e  ( N E S ) ,  

Dr.  Tsung-Kuang Yeh.  H is  pre -

s e n t a t i o n  f o c u s e d  o n  t h e 

Taiwanese energy context and 

i ts  future  chal lenges.

Ta i w a n ’s  e n e r g y  p l a n  c o n -

s i s t s  i n  s t o p p i n g  e l e c t r i c i t y 

g e n e r a t i o n  f r o m  n u c l e a r  b y 

2 0 2 5  a n d  i n c r e a s i n g  r e n e w -

a b l e  e n e r g y  i n  t h e  p r o d u c -

t i o n  m i x  f r o m  4 . 9 %  t o  2 0 % . 

T h e  Ta i w a n e s e  m i x  i n  2 0 2 5 

would then be 50% gas,  30% 

c o a l  a n d  2 0 %  r e n e w a b l e .  

Dr.  Tsung-Kuang Yeh expressed 

h i s  c o n c e r n s  a b o u t  t h e  f e a -

s i b i l i t y  o f  s u c h  a  re n e w a l  o f 

p ro d u c t i o n  i n  o n l y  s i x  ye a r s . 

Indeed,  the is land has already 

e x p e r i e n c e d  o n e  “ b l a c k o u t ”, 

in  August  2017,  whi le  one of 

the four  nuclear  power  plants 

was undergoing maintenance. 

The e lec tr ic i t y  reser ve capac-

ity could decrease ver y s ignif -

i c a nt l y  a cco rd i n g  to  t h e  N E S 

e s t i m a t i o n ,  a s  s h o w n  i n  t h e 

g r a p h  b e l ow.  Th e  n o n - o p e n -

i n g  o f  t h e  y e t - t o - b e - b u i l t 

Lungmen nuclear  power plant 

cont inues  to  weaken elec tr ic -

i t y  produc t ion in  Taiwan.

I n  a  s e c o n d  p a r t ,  a  t e c h n i -

c a l  p r e s e n t a t i o n  w a s  g i v e n 
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by  D r.   Ts a n -Ya o  C h e n  o n  t h e 

nex t  generat ion of  heteroge -

neous catalysts  for  the devel-

opment of  high eff icienc y fuel 

c e l l s .  H e  p o i n t e d  o u t  t h a t  a 

u n i v e r s i t y  s t u d y  h a s  f o u n d 

that atomic cluster decoration 

m a k e s  t h e  h i g h l y  d i s o rd e re d 

C o @ P d  n a n o c a t a l y s t  s t a b l e 

with promis ing per formances 

in  catalys is  reac t ions.  Thanks 

to  t h i s  co nt ro l  o f  t h e  ato m i c 

struc ture,  the energy densit y 

can be mult ipl ied by 2 .3 .

F o l l o w i n g  t h i s  p r e s e n t a -

t i o n ,  t h e  U n i v e r s i t y  D e a n , 

D r.  M i n  L e e ,  c a m e  t o  g r e e t 

t h e  s c i e n t i f i c  a t t a c h é s , 

G i l l e s   G u e r a s s i m o f f  a n d  t h e 

M a s t e r ’s  s t u d e n t s .  T h e  v i s i t 

e n d e d  w i t h  a  ( r a d i o - )  a c t i ve 

discover y of  the campus’s  sc i -

entif ic  faci l i t ies,  including the 

Ts ing-Hua Open-pool  Reac tor 

( T H O R )  n u c l e a r  i n f r a s t r u c -

t u re ,  w h i c h  b e g a n  o p e rat i o n 

in 1958.  Dr.  J in-Der Lee We led 

the vis i t  of  the control  center, 

t h e  p o o l  a ro u n d  t h e  f u e l .  I n 

t h e  l a s t  f i v e  y e a r s ,  r e s e a r c h 

o n  b o r o n  n e u t r o n  c a p t u r e 

t h e r a py  ( B N C T )  a t  N T H U  h a s 

contr ibuted to  the t reatment 

o f  r e c u r r e n t  h e a d  a n d  n e c k 

c a n c e r.  T h e  n e u t r o n  b e a m 

par t  of  the BNC T research was 

carr ied out  us ing Ts ing Hua’s 

O p e n - p o o l  R e a c t o r  ( T H O R ) . 

Th is  i s  a  2  M W  re a c to r,  m o d -

erated and coole d wit h  l ig ht 

water  (v is ible  on the pic ture, 

u n d e r  t h e  y e l l o w  n a c e l l e ) . 

C l i n i c a l  t r i a l s  a r e  c u r r e n t l y 

u n d e r w ay  o n  h e a d  a n d  n e c k 

c a n c e r.  D r.  J i n - D e r  Le e  u s e d 

p a t i e n t  p i c t u r e s  t o  e x p l a i n 

t h a t  t h e  g o a l  o f  t h i s  t r e a t -

ment  is  to  e l iminate  as  many 

cancer  cel ls  as  poss ible  whi le 

minimizing col lateral  damage 

t o  h e a l t h y  c e l l s .  T h e  u s e  o f 

THOR in  the conduc t  of  BNC T 

r e s e a r c h  h a s  c o n s i d e r a b l e 

potent ia l  to  advance the c l in-

ica l  t reatment  of  cancer.

Ahmed CHAABANE &

M ar t in  P IERSON

Reser voir  capacit y  in  Taiwan

Nuclear  insta l lat ion in  NTHU  © L .  SOBRA
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H o Pi n g  c e m e n t  f a c t o r y  a n d  c o a l 
power  plant

T h e  c e m e n t  fa c t o r y

T h e  T a i w a n  C e m e n t 

C o r p o r a t i o n  ( T C C )  w a s 

founded in 1946 and i ts  head-

q u a r t e r e d  i n  Ta i p e i .  I t  h a s 

t h r e e  p l a n t s :  t h e  f i r s t  i s  i n 

H o p i n g,  t h e  s e c o n d  i n  S u a o, 

and the last  one is  in  Hual ien.

TCC was off icial ly  transformed 

f r o m  a  s t a t e - o w n e d  e n t e r -

p r i s e  i n t o  a  p u b l i c  c o m p a ny 

i n  1 9 5 4 .  I n  1 9 6 2 ,  i t  w a s  t h e 

f i r s t  Ta i w a n e s e  c o m p a n y  t o 

g o  p u b l i c .  T h e  c o m p a n y ’s 

sa les  are  s p l i t  be t we e n s a le s 

t o  Ta i w a n ,  s a l e s  t o  C h i n a 

a n d  e x p o r t s .  I n  2 0 1 7 ,  t u r n -

over  f rom sa les  amounted to 

98,312 mi l l ion Taiwan dol lars 

(about  2 .8  bi l l ion euros) .  [1]

I n i t i a l l y ,  T C C ’s  p l a n t s  w e r e 

l o c a t e d  o n  t h e  w e s t  c o a s t 

o f  t h e  i s l a n d.  I n  1 9 9 1 ,  i n  a n 

On the last  day of  industr ia l  and academic  v is i ts ,  the OSE master ’s  students  lef t  the deser ted 
distr ict  of  Ximending in Taipei (the Taiwanese Times Square) at 6.30 AM. After a journey through 
the Nor th East  of  the is land,  they were greeted at  the industr ia l  park  of  HoPing. 
This  park is  the result  of  a  joint  venture between the Taiwan Cement Company and the Ho-Ping 
Powe r  St at i o n .  An  ove r v i e w  o f  t h e  p a r k  c a n  b e  s e e n  i n  t h e  p h o to gra p h  b e l ow,  t a k e n  by  a 
master ’s  s tudent  f rom the entrance of  the  l imestone quar r y.  Bui l t  at  the  end of  the  1990s, 
i t  inc ludes  a  cement  plant  (bottom lef t ) ,  a  coal - f i red plant ,  and an ar t i f ic ia l  por t  capable  of 
accommodating ships  carr y ing coal ,  cement  and other  mater ia ls  (up to  80,000 tons) . 

HoPing I ndustr ia l  park  © Y.  LAHMA
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a t t e m p t  t o  d e c a r b o n i z e  t h e 

w e s t e r n  p a r t  o f  t h e  i s l a n d , 

w h i c h  h o u s e s  t h e  m a j o r i t y 

o f  t h e  p o p u l a t i o n ,  t h e  s t a t e 

imposed the re locat ion of  a l l 

c e m e n t  f a c t o r i e s  t o  t h e  e a s t 

coast .  The company fo l lowed 

t h i s  d e c i s i o n  b y  c h o o s i n g 

Hoping to  bui ld  i ts  p lant .  The 

H o p i n g  p l a n t  s t a r t e d  o p e r a -

t ions  in  2000.  The produc t ion 

capacity of this plant is  around 

4 , 0 0 0  k t / y e a r  a c c o r d i n g  t o 

M r.  C h e n g -Ts e  Wu  ( a s s i s t a n t 

m a n a g e r  o f  t h e  p r o c e s s i n g 

control  depar tment) ,  who wel-

comed us  to the company and 

introduced us  to  i ts  ac t iv i t y.

T h e  h i s t o r y  o f  c e m e n t  i n 

Ta i w a n  b e g a n  i n  1 9 1 5 ,  w h e n 

t h e  J a p a n e s e  c o m p a n y 

Asano Cement began bui lding 

cement  fac tor ies .  The annual 

p ro d u c t i o n  o f  i t s  p l a n t s  w a s 

30  kt/year.  I n  1942,  the  Suao 

p l a n t  w a s  b u i l t .  I n  1 9 5 4 ,  t h e 

Ta i w a n e s e  s t a t e  d e c i d e d  t o 

d e v e l o p  t h e  c e m e n t  i n d u s -

t r y  a n d  o p e n  u p  t h e  m a r k e t . 

S e v e r a l  p r i v a t e  c o m p a n i e s 

invested in  these state  enter-

p r i s e s .  T h e  p e r i o d  b e t w e e n 

1 9 7 5  a n d  1 9 8 0  s a w  c o n s i d -

e r a b l e  e x p a n s i o n ,  w i t h  t h e 

b u i l d i n g  o f  1 0  p l a n t s  w i t h  a 

produc t ion capaci t y  of  1 ,403 

k t / y e a r.  I n  1 9 8 8 ,  t h e  g o v -

e r n m e n t  b l o c k e d  i m p o r t s  o f 

cement. [2]

C e m e n t  p r o d u c t i o n  t a k e s 

place according to the fol low-

ing process :

T h e  f i r s t  p h a s e  i s  c o n s i s t s 

i n  e x t r a c t i o n  a n d  c r u s h -

i n g.  B u l l d o ze r s  b re a k  u p  t h e 

q u a r r y  f a c e  a n d  c r u s h  t h e 

l a r g e  e x t r a c t e d  r o c k s .  T h e 

T TC quarr y  has  the advantage 

of  being s i tuated at  a  height 

of  1 ,200 m above the fac tor y, 

which avoids  wast ing energy 

t o  m o v e  t h e  r o c k s  b e c a u s e 

t h e y  a r e  t r a n s p o r t e d  b y 

gravit y  (a  large pipe through 

w h i c h  t h e  ro c k s  f a l l  t o w a rd s 

t h e  f a c t o r y ) .  T h e  f o l l o w i n g 

phase is  pre -homogenizat ion. 

This operation is  carr ied out in 

vast  sheds where the s labs are 

sampled,  mixed then screened 

(mainly  l imestone CaCO
3 and 

s c h i s t ) .  T h e  re s u l t i n g  a g g re -

g a t e  i s  t h e n  c r u s h e d  a n d 

transformed to  meal ,  which is 

stored in  homogeniz ing s i los. 

A i r  f ro m  b l owe r s  i n  t h e  s i l o s 

re g u l a t e s  t h e  c h e m i c a l  c o m -

p o s i t i o n  a n d  d e n s i t y  o f  t h e 

m e a l  c o m p o n e n t s .  T h e  m e a l 

i s  t h e n  p u t  i n  a n  k i l n  re a c h -

i n g  t e m p e r a t u r e s  o f  u p  t o 

1 ,400°C.  Dur ing the rout ing,  a 

f i rst  preheating stage reduces 

energy consumption by recov-

er ing heat  f rom the  fur naces 

t o  d r y  a n d  h e a t  t h e  m e a l , 

w h i c h  d e h y d r a t e s  a n d  p a r -

t ial ly  decarbonates.  The result 

is  cl inker.  The cl inker is  cooled 

t o  s t a b i l i z e  i t s  c o m p o s i t i o n , 

and then ground.  O ther  com-

p o n e n t s  s u c h  a s  g y p s u m  a re 

added to  the c l inker  in  di f fer-

ent amounts depending on the 

u s e  o f  t h e  ce m e n t  ( m a s o n r y, 

dams,  etc. ) .  This  f inal  cement 

is  now ready to  ship.

R a w  m a t e r i a l s ,  s u c h  a s  f u e l , 

i r o n  r e s i d u a l s ,  a n d  g y p s u m , 

a r e  i m p o r t e d  f r o m  H o p i n g 

H a r b o r,  a n d  c o - p ro d u c t s  a re 

e x p o r t e d  t o  t h e  w e s t  c o a s t 

por t .

The jo int  venture  was  created 

t o  a d o p t  a  c i rc u l a r  e c o n o my 

i n  f avo r  o f  t h e  e nv i ro n m e n t . 

The cement plant ’s  waste heat 

h a s  a  p ro d u c t i o n  c a p a c i t y  o f 

3 1 . 5   M W h .  W h e n  b o t h  f u r -

naces at  the cement works are 

in operation,  up to 21.3 MW of 

e lec tr ic i t y  i s  generated.

I n  a d d i t i o n ,  TC C  h a s  d e v e l -

oped CO
2 capture  techniques. 

I t  uses  l imestone as  an absor-

b e n t  d u e  to  i t s  h i g h  a b s o r p -

t i o n  c a p a c i t y  a n d  r e d u c e d 

e n e r g y  c o n s u m p t i o n  ( a d d i -

t i o n a l  e n e r g y  e x p e n d i t u r e 

<20% at  a  cost  of  <US$30/t ) . 

A b s o r b e n t  l i m e s t o n e  c a n 

b e  u s e d  a s  a  r aw  m a te r i a l  i n 

t h e  c e m e n t  m a n u f a c t u r i n g 

process to achieve zero waste. 

T h e  fo l l o w i n g  f i g u re ,  f ro m  a 

p h o to  t a k e n  d u r i n g  o u r  v i s i t 

t o  t h e  c e m e n t  f a c t o r y,  i l l u s -

t r a t e s  t h e  p r i n c i p l e  o f  t h i s 

technique.
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T h e  p r o c e s s  e f f i c i e n c y  i s 

greater than 80% (Ca/C 5 ratio) 

a n d  t h e  CO 2 c a p t u r e  c a p a c -

i t y  i s  0 .16 t/h .  To increase i ts 

eff ic ienc y,  TCC uses cascading 

c yclones  because the ver t ica l 

struc ture of  the c yclones pro -

motes  thermal  exchange and 

l imits  the occupied sur face.  In 

2025,  TCC hopes to  reduce i ts 

costs  to  US$10-15/t .

The CO 2 captured is  then used 

to produce energy by biomass 

t h r o u g h  t h e  c u l t i v a t i o n  o f 

micro -algae.

T h e  c o a l  p l a n t

A f t e r  l u n c h  a t  t h e  p l a n t ’s 

c a n t e e n ,  s t u d e n t s  w e r e 

w e l c o m e d  a t  t h e  o f f i c e s 

o f  t h e  c o a l - f i r e d  p l a n t  b y 

M r.   M u   C h u a n  Ts e n g ,  t h e 

s i t e ’s  V i c e  P r e s i d e n t ,  a n d 

M r.  G a r y  J .  G .  We i ,  m a n a g e r 

o f  t h e  E n g i n e e r i n g  S e r v i c e s 

D e p a r t m e n t ,  w h o  e x p l a i n e d 

how the plant operates and its 

place in the Taiwanese energy 

m i x .  T h e  p l a n t  s i t e  c o v e r s 

27  hec tares  and includes  t wo 

g e n e r a t i n g  u n i t s ,  e a c h  g e n -

e r a t i n g  6 6 0  M W  m a x i m u m 

p owe r.  I t  f u l f i l l s  3 . 7 %  o f  t h e 

i s l a n d ’s  e l e c t r i c i t y  d e m a n d , 

m a k i n g  i t  t h e  f o u r t h  c o a l 

plant.  In Taiwan, coal  accounts 

f o r  2 2 %  o f  i n s t a l l e d  p o w e r 

(9 .2  GW ) and 30% of  net  e lec -

t r i c i t y  g e n e r a t i o n  ( n e a r l y 

70,000 GWh) .

C o n s t r u c t i o n  o f  t h e  p l a n t 

began at  the same t ime as  the 

c e m e n t  p l a n t .  T h e i r  p r o d u c -

t ion units  produced their  f i rst 

f lames in  July  and November 

2 0 0 1  a n d  c o m m e r c i a l  o p e r -

a t i o n s  b e g a n  i n  J u n e  a n d 

September  2002.  

T h e  o w n e r  o f  t h e  p l a n t  i s 

H o - P i n g  P o w e r  C o m p a n y , 

which owns the site, equipment 

a n d  m a c h i n e r y.  I n v e s t m e n t 

to  b u i l d  t h e  p l a nt  a m o u nte d 

t o  N T $  3 8 , 5 0 0  m i l l i o n  (  1 . 1 

b i l l i o n  e u r o s ) .  T h e  p l a n t ’s 

s h a r e s  a r e  s p l i t  b e t w e e n 

t h r e e  e n t i t i e s :  C L P  ( 2 0 % ) , 

t h e  M i t s u b i s h i   C o r p o r a t i o n 

(20%) and the Taiwan Cement 

C o r p o r a t i o n  ( 6 0 % ) .  T h e 

m a n a g e r  o f  o p e r a t i o n s  a n d 

m a i n t e n a n c e  o f  t h e  s i t e  i s 

the HPC Power  S er vices  Corp 

(HPSC ) ,  which handles  human 

resources.

Coal,  which arr ives at the por t, 

comes mainly  f rom Indonesia , 

A u s t r a l i a  a n d  R u s s i a .  I t  i s 

t r a n s p o r t e d  t o  t h e  s t o r a g e 

d o m e  v i a  t r e a d m i l l s .  Tw o  o f 

t h e s e  d o m e s  h a v e  a  d i a m -

e t e r  o f  1 4 6  m  f o r  1 0 5  kT  o f 

c o a l  s t o r a g e  c a p a c i t y .  T h e 

l a s t  d o m e  h a s  a  d i a m e t e r  o f 

126 m for  a  capacity of  155 kT. 

On average,  a  boat containing 

about 70,000 tons of  coal  sup-

p l i e s  t h e  p o w e r  p l a n t  e v e r y 

w e e k .  We  w e r e  a b l e  t o  v i s i t 

one of the coal storage domes. 

A s  w e  c a n  s e e  o n  t h e  f o l -

l o w i n g  f i g u r e  r e p r e s e n t i n g 

t h e  g e n e ra l  o p e rat i o n  o f  t h e 

plant,  the coal  comes from the 

top of  the dome and is  stored 

Operat ion of  carbon capture  © A.  MACHRAFI

I N F ’ O S E  |  M a r c h  2 0 1 9

40 DAY  5



Operat ion of  the plant  and i ts  re lat ionship with i ts  environment  © A.  MACHRAFI

I ns ide one of  the coal -stor ing domes © J .  THOMAS
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in  a  heap.  A  shearer  then picks  up the coal  to  t ranspor t  i t  v ia  an underground conduit  to 

the boi lers .  The f low of  coal  for  one boi ler  i s  213.7  tons/hour,  which corresponds to  approx-

imately  70,000 tons  of  coal  per  week for  the t wo boi lers . 

I N F ’ O S E  |  M a r c h  2 0 1 9

42 DAY  5

The general  charac ter ist ics  of  the boi lers,  turbines  and generators  are  represented in  the fol-

lowing table : 

Boi lers  (yel low par t ) Turbines  & Generators 

(p ink par t )

Mean steam pressure  (bar) 182 177,5

Mean steam temperature  ( °C ) 542 540

Mean f low rate  ( t /h) 1990 1930

A l t h o u g h  i t  h a s  a  4 0 %  y i e l d , 

th is  p lant  i s  charac ter ized as 

a subcrit ical  plant.  I t  is  impor-

tant  to  note that  here  boi lers 

a r e  p r e h e a t e d  u s i n g  d i e s e l 

(orange at  the bottom lef t  of 

the f igure) .  The water  used to 

g e n e r a t e  s t e a m  ( g r e e n  p a r t 

a t  t h e  b o t t o m )  i s  i n d u s t r i a l 

water ;  i t  i s  f i l tered and pur i -

f ied  pr ior  to  being routed to 

t h e  t u r b i n e s .  S e a w a t e r  f r o m 

t h e  p o r t  i s  u s e d  t o  c o o l  t h e 

t u r b i n e.  B e fo re  e n t e r i n g  t h e 

plant  cool ing system,  i t  i s  f i l -

t e r e d  b y  t i t a n i u m  c a t h o d i c 

p r o t e c t i o n .  T h e  s e a  w a t e r 

e n t e r s  a t  a  t e m p e r a t u r e  o f 

2 5 ° C  a n d  i s  d i s c h a r g e d  a t 

a ro u n d  3 3 ° C  ( t h e  l e g a l  l i m i t 

i s  42  °C ) .

Af te r  t h e  co m b u s t i o n  p h a s e, 

the fumes are  then processed 

t h r o u g h  t h r e e  d i f f e r e n t 

systems.  Fi rst ,  a  se lec t ive  cat-

a l y t i c  re d u c t i o n  ( S C R )  t r a n s -

forms the nitrogen oxides NOx 

i n t o  n i t r o g e n  N 2 a n d  w a t e r. 

F i n e  p a r t i c l e s  a r e  t h e n  f i l -

tered through an electrostatic 

p r e c i p i t a t o r  ( E S P ) .  F i n a l l y,  a 

d e s u l f u r i z a t i o n  u n i t  ( F G D ) 

u s e s  l i m e s t o n e  t o  c a p t u r e 

sul fur  d ioxide.  This  reduc t ion 

r e a c t i o n  u s e s  t h e  l i m e s t o n e 

e x t r a c t e d  f r o m  t h e  c e m e n t 

q u a r r y  a n d  p r o d u c e s  t h e 

g y p s u m  u s e d  b y  t h e  c e m e n t 

plant .

T h a n k s  t o  t h e s e  f i l t e r i n g 

s y s t e m s ,  t h e  p l a n t  l i m i t s 

g r e e n h o u s e  g a s  e m i s s i o n s , 

w h i c h  a re  b e l ow  o r  e q u a l  to 

nat ional  standards,  as  shown 

in  the fol lowing table. 

T h e  r e s t  o f  t h e  s m o k e  i s 

released through a 250 m-high 

c h i m n e y  w h o s e  d i a m e t e r  i s 

25 .1  m at  i ts  base and 17.1  m 

at  the top. 

Boi ler  and turbine charac ter ist ics  © J .  THOMAS

Master ’s  student  in  f ront  of  the t wo boi lers  © J .  THOMAS
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The plant  emiss ion l imits Nat ional  standards

SOx ≤ 50 ppm ≤ 60 ppm

NOx ≤ 50 ppm ≤ 50 ppm

Fine par t ic les ≤ 20 mg/N m 3 ≤ 20 mg/N m 3

Limits  and nat ional  standards  © J .  THOMAS

F i n a l l y ,  t h e  p l a n t  i s  c o n -

n e c t e d  t o  t h e  h i g h - v o l t a g e 

net work (345kV )  for  a  capac -

i t y  o f  2 1 8 0  M VA  v i a  t h e  S u b 

Tong Shan stat ion.  This  con-

n e c t i o n  b e t w e e n  t h e  p l a n t 

a n d  t h e  s u b s t at i o n  i s  5 3  k m 

long and requires 123 pylons.

T h e  p l a n t  w a s  c e r t i f i e d 

I S O   9 0 0 1  i n  M a y  2 0 0 3 ,  a n d 

1 4 0 0 1  i n  O c t o b e r  2 0 0 4 .  I n 

2011, it  was awarded five stars 

b y  t h e  N a t i o n a l  S t a n d a r d s 

A u t h o r i t y  o f  A f r i c a  ( N O S A ) , 

a n  a g e n c y  t h at  ce r t i f i e s  t h e 

qual i t y  and safet y  of  produc-

t i o n  o f  g o o d s  a n d  s e r v i c e s . 

The authority audits the plant 

a n n u a l l y  i n  o r d e r  t o  c h e c k 

compl iance with greenhouse 

gas  emiss ions  standards. 

As par t  of  the elec tr ic ity  con-

t r a c t  s i g n e d  w i t h  Ta i p o w e r 

for  a  per iod of  25  years ,  the 

plant  is  obl iged to guarantee 

produc t ion hours.  I n  summer 

( June to  S eptember) ,  i t  must 

operate at  maximum capacity 

ever y  day f rom 7:30 to  22:30. 

D u r i n g  t h e  o t h e r  m o n t h s , 

i t  m u s t  o p e r a t e  f r o m  8 : 3 0 

t o  2 1 : 3 0 .  D u r i n g  t h e  re s t  o f 

t h e  t i m e ,  t h e  p l a n t  m e e t s 

t h e  n e e d s  o f  Ta i p o w e r.  A s 

a  r e s u l t ,  h i g h - r i s k  a c t i v i -

t i e s  t h a t  r e q u i r e  l a n d f i l l s 

a n d  s t o p p a g e s  a r e  p l a n n e d 

d u r i n g  u n g u a r a n t e e d  p r o -

duc t ion per iods.  The plant  is 

s t o p p e d  t o  c a r r y  o u t  m i n o r 

revis ions  for  25 to  35 days  a 

year.  Ever y s ix  years,  a  per iod 

o f  m a j o r  r e v i s i o n  i s  c a r r i e d 

out  last ing 50 days. 

I n  t e r m s  o f  p e r f o r m a n c e , 

o v e r  t h e  p a s t  1 5  y e a r s ,  t h e 

p l a n t  h a s  b e e n  a v a i l a b l e 

o n  ave r a g e  9 0 %  o f  t h e  ye a r 

d u r i n g  p e r i o d s  o f  p r o d u c -

t i o n  g u a ra nte e s  a n d  a ro u n d 

8 3 %  o v e r  t h e  w h o l e  y e a r. 

Pro d u c t i o n  t h e re fo re  e q u a l s 

a p p r o x i m a t e l y  9  5 0 0  G W h 

annual ly. 

A l l  o f  t h e  s t u d e n t s  w o u l d 

l ike  to  thank the cement  and 

coal  plant staff  for their  warm 

w e l c o m e  a n d  t h e  v a l u a b l e 

information provided on the 

operat ions  of  their  fac tor ies. 

Aboubak r  MACHRAFI , 

Jul iette  THOMAS &

Hamza MRAIHI

Sources  :

[1] 	 	«  Taïwan Cement  » ,  Ta iwan Cement.  Avai lable  on:  http://w w w.taiwancement.com/en/ .  [Consulted the:  13-march-2019] .
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I n addit ion to  those mentioned in  the var ious  ar t ic les  of  th is  account ,  our  t r ip  would not 

have been possible without the precious help of  several  people who we would l ike to warmly 

thank :

The staff  at  the French O ff ice in  Taipei ,  for  their  valuable help and numerous academic con-

tac ts,  as  wel l  as  for  the discuss ions  that  we had dur ing our  v is i t  to  the French Tech,  and in 

par t icular  M r.  Benoît  Guidée,  direc tor,  M r.  Benoît  Lépine and Sasha Ting,  sc ienti f ic  attachés, 

and M r.  Jonathan Drubay,  deput y  sc ient i f ic  attaché.  

Mr.  Pascal  Viaud,  director of  Ubik Consult ing,  for  eff ic iently putting us in contact with indus-

tr ia l  par tners  to  v is i t ,  and Mei-L ing Tsai ,  manager  of  Ubik  Travel  Agenc y,  for  so  br i l l iant ly 

managing the logist ics  and interpretat ion throughout  our  Taiwanese t ravels  (http://w w w.

ubik .com.t w/en/) .

M r.  Mar t in  Tzou,  d i rec t  of  markets  for  EDF in  Taiwan,  for  h is  presentat ion on EDF’s  ac t iv i -

t ies  on the is land.  

Mr.  Clément Dieudonné,  direc tor  of  strategy at  Ubi ik ,  and M r.  Phi l ippe Tzou,  business devel -

opment manager  at  UnaBiz ,  for  expla ining their  development and ac t iv i t ies  at  French Tech.

M r.  Hsu Tun Kuei ,  d i rec tor  of  d istr ibut ion at  Taipower,  for  h is  presentat ion of  the compa-

ny ’s  ac t iv i t ies  and showroom.

M r.  Bor  K ae Chang,  professor  at  Nat ional  Centra l  Univers i t y  (NCU) ,  for  organiz ing a  f rui t ful 

hal f - day of  exchanges.  M r.  Chih-Ang Chung,  professor  and v ice -pres ident  of  the mechan-

ics  depar tment  for  h is  welcome and presentat ion of  the univers i t y.  M r.  Chung-Jen Tseng, 

professor  emer itus,  for  showing us  the smar t  green habitat .  Last  but  not  least ,  Professors 

Cheng- I  Chen and J iunn- Chi  Wu for  their  presence and quest ions.

M r.  Jean-Baptiste  Fichet ,  account manager  at  ITRI ,  for  his  welcome,  M r.  Tze - Chin Pan,  for  his 

presentat ion on saving energy in  industr y,  M r.  Yi -Hua Wu,  for  h is  presentat ion of  the T IMES 

model  of  Taiwan,  and Ms.  Jess ica  Ma for  tak ing us  round the showroom.

M r.  Chia-Yuan Chen,  professor  at  NCKU,  for  organiz ing our  meet ing day.  Ms.  Wei l i  Teng for 

her  welcome and accompaniment.   Professors  Yen-Jong Chen and Jow-Lay Huang for  their 

presentat ions,  and Hong-Tzer  Yang,  Changshu Kuo,  Wei-Hs iang La i ,  R odney H.  M atsuok a, 
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Er ic  Chen,  J ih-Heng Chen,  R i ta  Kua ,  Hs in-Hung Chen and Hung-J ie  Tang for  thei r  presence 

and proposed v is i ts .

M r.  M in Lee,  professor  emer itus  at  NTHU for  welcoming us,  and professors  Rong-J iun Sheu, 

Tsung-Kuang Yeh,  Tsan-Yao Chen and Pai -Yi  Hs iao for  their  involvement  and discuss ions,  as 

wel l  as  Dr.  J in-Der  Lee for  showing us  around the THOR reac tor.

Ms.  Audrey Lebl ic ,  des ign manager,  and Ms.  Jasmine L in ,  projec t  manager,  at  Cie l  &  Terre  for 

their  warm welcome and for  showing us  the solar  f loat ing s i tes. 

M r.  Mu Chuan Tseng,  v ice -pres ident  of  HPC Power  S er vices  Corp.  and M r.  G ar y  J .  G .  Wei ,  for 

t h e i r  h o s t i n g,  p re s e nt at i o n  a n d  exc h a n g e s,  a n d  fo r  s h ow i n g  u s  ro u n d  t h e  H o p i n g  ce m e nt 

works  s i te  and elec tr ic i t y  power  plant .
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