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I t  goes  without  saying that  As ia  represents  a  s igni f icant  share  of 

g l o b a l  e n e rg y  co n s u m p t i o n ,  d u e  to  i t s  s u s t a i n e d  e co n o m i c  a n d 

d e m o g r a p h i c  g ro w t h .  We  s t i l l  o f t e n  h e a r  t o d ay  t h a t  C h i n a  i s  a 

major  player  in  this  growth,  but  S outheast  As ia ,  through i ts  st ra-

tegic  geographic  pos i t ioning and at ypica l  i s land st ruc ture,  a lso 

plays  a  major  ro le  in  developing the new energy infrastruc tures 

of  tomorrow.  That  is  why,  in  ear ly  March,  the 18th c lass  of  the OSE 

Specia l ized M aster ’s  went  on a  study tr ip  to  S ingapore,  as  par t  of 

i ts  thematic  promotion voyage.  Dur ing the 8  days  spent  on s i te, 

the students  were able  to  v is i t  numerous insta l lat ions,  centered 

on a  number  of  subjec ts,  such as  microgr ids,  and in  par t icular  on 

this  year ’s  theme:  H ydrogen. 

I n  this  i ssue,  we invite  you to  discover  the places  we had the pr iv i lege of  v is i t ing,  a long with 

the two themes focused on hydrogen,  presented at  conferences at  S ingapore’s  two major  uni-

versit ies,  National  University  of  Singapore (NUS)  and Nanyang Technological  University  (NTU). 

In  this  ar t ic le,  you wi l l  f ind a summar y of  the ideas presented at  the conference and discussed 

in  depth in  a  book ent i t led “H ydrogen,  the energy carr ier  of  the future  ?” wr i t ten by a l l  of  the 

engineer ing students  on the OSE Master ’s  program,  due for  publ icat ion in  late  2018.

Fi rst  of  a l l ,  we would l ike  to  thank a l l  of  the people  without  whom this  t r ip  would not  have 

been possible.  We want to thank the par tners and industr ial ists  who welcomed us and took the 

t ime to  present  their  ac t iv i t ies,  show us  their  insta l lat ions,  and exchange with us  on var ious 

subjec ts,  both technical  and economic.  Our  thanks  a lso  go to  the t wo Singapore Univers i t ies 

for  thei r  war m welcome and the  qual i t y  of  the  audience  at  the  conferences.  Thank you to 

Professor  CHAN from NTU for  h is  ver y  detai led presentat ion on hydrogen,  which suppor ted 

the wr i t ing of  our  book .  Thanks  to  EDF Lab S ingapore,  S chneider  E lec tr ic ,  BeeBr yte  PTE.  LTD, 

Total ,  Air  L iquide and notably  the French Embassy in  S ingapore without  which this  t r ip  would 

not  have been as  r ich and capt ivat ing.  Thanks  a lso  to  REIDS Energy Research I nst i tute  and 

Engie  who a l lowed us  to  v is i t  their  smar t- gr id  demonstrator  on S emak au Is land.

Final ly,  a  b ig  thank you to  Gi l les  Guerass imoff,  in  charge of  the MS OSE,  and to  the CMA team 

for  the except ional  organizat ion and preparat ion of  a l l  of  these v is i ts ,  which made this  study 

tr ip  a  real  success.

N ow  l e t  yo u r s e l f  b e  g u i d e d  t h ro u g h  t h e  d i ve r s i t y  o f  S i n g a p o re’s  e n e rg y  wo r l d  a n d  e n j oy 

reading!

Axel  FELIZOT
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STATE OF THE ART OF SINGAPORE’S ENERGY
                                                Samuel PETITJEAN         

L E A D I N G  CO U N T R Y  I N  P E T R O L E U M  P R O D U C T  T R A D E,  R E F I N I N G  A N D  S TO R AG E

Located south of Malaysia,  the 

c i t y - s t a t e  i s  a t  t h e  m e e t i n g 

p o i n t  b e t w e e n  t h e  I n d i a n 

and Paci f ic  Oceans.  This  st ra-

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

the is land to  develop i ts  por t 

a c t i v i t i e s  o n  a  w o r l d  s c a l e , 

m a i n l y  i n v o l v i n g  o i l  a n d  i t s 

d e r i ve d  p ro d u c t s .  T h e  l a t t e r 

const i tute  most  of  the  coun-

t r y ’s  e n e r g y  f l o w s .  I n  2 0 1 6 , 

t h e y  re p re s e n t e d  2 9 . 9 %  a n d 

64.2% of impor ted energy and 

a l l  e x p o r t e d  e n e r g y  r e s p e c -

t i ve l y.  G a s  a n d  c o a l  a re  a l s o 

impor ted [1] . 

T h e  c o u n t r y  i s  t h u s  t h e 

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

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

w o r l d  f o r  b u l k  l i q u i d s  [ 2 ] . 

Malaysia,  Indonesia and China 

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

o f  S i n g a p o r e ’s  p e t r o l e u m 

produc ts.

Ta k i n g  a d v a n t a g e  o f  t h e s e 

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

h i s t o r i c a l l y  d e v e l o p e d  p r o -

c e s s i n g  a n d  r e f i n i n g  a c t i v -

i t i e s .  Fo r  t h i s  r e a s o n ,  o n l y  

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

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

e x p o r t e d .  A c c o r d i n g  t o  t h e 

E I A ,  i n  2 0 1 5 ,  a p p r o x i m a t e l y 

1 . 4  m i l l i o n  b a r re l s  we re  p ro -

d u c e d  p e r  d a y  a t  t h e  c o u n -

tr y ’s  3  ref iner ies  [3] .  To meet 

this  demand and energy pro -

duction,  Singapore has s ignif-

icant ly  developed i ts  storage 

s o l u t i o n s .  J u r o n g  I s l a n d 

reser ves feature an addit ional 

1 . 4 7  m i l l i o n  c u b i c  m e t e r s  o f 

underground storage and two 

LNG storage terminals  [2] . 

Imported & exported energy in Singapore © Energy Market Author i ty

Singapore’s  locat ion and energy strategy are  strongly  correlated with i ts  geographical  posit ion and 

the smal l  s ize  of  i ts  ter r i tor y  (720 k m²) . 
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O B J E C T I V E :  D E V E LO P  G A S  A N D  P V  S E C TO R S

Th e  co u n t r y ’s  s m a l l  s i ze  a n d 

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

( 8 , 1 8 8  i n h a b i t a n t s / k m 2 ,  [ 4 ] ) 

make it  par ticularly diff icult  to 

d e ve l o p  re n e wa b l e  e n e rgi e s , 

such as biomass,  hydroelectr ic 

e n e r g y,  g e o t h e r m a l  e n e r g y 

a n d  w i n d  p o w e r.  O n l y  s o l a r 

e n e rg y  h a s  s t ro n g  p o te n t i a l . 

For  this  reason,  the Singapore 

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

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

t o v o l t a i c s .  T h e  o b j e c t i v e  i s 

to  increase insta l led capacit y 

f rom 71MW in 2016 to  350MW 

by 2020[3] .  Despite  this ,  pho -

tovolta ic  produc t ion remains 

marginal for the moment since 

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

p o w e r  i n  2 0 1 6  a m o u n t e d  t o 

13,348MW [1] .  Most electr icity 

i s  produced f rom natural  gas. 

Waste recover y comes second 

with 2 .5% of  the energy pro -

duced in  2015[5] .

T h e  d e v e l o p m e n t  o f  t h e 

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

hear t  of  S ingapore’s  st rategy 

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

to  reduce dependence on oi l 

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

i z i n g  t h e  e n e r g y  m i x .  G a s 

a n d  p h o t o v o l t a i c  t e c h n o l o -

gies  are  the  subjec t  of  much 

research,  notably  at  the Solar 

E n e rg y  R e s e a rc h  I n s t i t u t e  o f 

S i n g a p o r e  ( S E R I S ) .  I n  2 0 1 3 , 

t h e  c o u n t r y  b e g a n  p r o d u c -

ing some of  i t s  LNG.  Pr ior  to 

that  date,  a l l  natural  gas  was 

i m p o r t e d  f ro m  M a l a y s i a  a n d 

I ndonesia  v ia  pipel ines.

Electr ic i ty product ion © Energy Market Author i ty

I N N O VAT I O N  M O M E N T U M

I n  a d d i t i o n  t o  d e p l o y i n g  i t s 

gas  and photovolta ic  sec tors, 

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

energy ef f ic ienc y,  inte l l igent 

energy management  and new 

s t o r a g e  t e c h n o l o g i e s .  O n e 

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

s h i p  w i t h  E N G I E ,  w h i c h  h a s 

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

E N G I E  L a b ,  r e s p o n s i b l e  f o r 

m a n y  p r o j e c t s  s u c h  a s  t h e 

R E I D S  ( R e n e w a b l e s  E n e r g y 

I n t e g r a t i o n  D e m o n s t r a t o r ) 

i n i t i a t i v e .  T h i s  d e m o n s t r a -

tor  i s  used to  test  compound 

energy systems for  renewable 

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

batter y  and hydrogen [6] .

D ue to  i ts  economic  and sc i -

e n t i f i c  i m p o r t a n c e  i n  S o u t h 

As ia ,  S ingapore  i s  the  centre 

of several  programs to address 

energy t ransit ion issues. 
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S U M M A R Y

P e t r o l e u m  p r o d u c t s  a r e  h i s -

t o r i c a l l y  a t  t h e  h e a r t  o f 

S i n g a p o r e ’s  e c o n o m y,  b o t h  i n 

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

i n g  i n d u s t r y.  N e ve r t h e l e s s ,  t h e 

city-state is  seeking to change its 

e n e r g y  l a n d s c a p e  a n d  i n c re a s e 

i t s  i n d e p e n d e n c e .  To  t h i s  e n d , 

the countr y  has  targeted the gas 

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

B y  par tner ing with  neighbor ing 

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

groups,  S ingapore  i s  proving to 

be an innovat ive and specia l ized 

energy- ef f ic ienc y plat form.

Marina Bay Sands

Sources  :
[1] 	 E n e r g y  M a r k e t  Au t h o r i t y,  E n e r g y  S n a p s h o t  o f  S i n g a p o re  2 0 1 6 ,  h t t p s : / / w w w. e m a . g o v. s g / c m s m e d i a / Pu b l i c a t i o n s _ a n d _

Stat ist ics/Publ icat ions/ses/2017/snapshot/ index.html
[2] 	 French Chamber  S ingapore,  Les  sec teurs  énergie  et  énergies  ver tes  à  S ingapour,  2017,  http : //w w w.fccs ingapore.com/fr/

business-ser v ices/pourquoi- implanter-s ingapour/f iche -pays/sec teur- energies- energies-ver tes
[3] 	 	U.S .  Energy I nformation Administrat ion,  07/2016,  https : //w w w.eia .gov/beta/ internat ional/analys is .c fm?iso=SGP
[4] 	 CIA Wor ld  Fac tbook –  23/02/2018
[5] 	 I nternat ional  Energy Agenc y,  S ingapour  Stat ist ics  2015,  https : //w w w.iea .org/stat ist ics/stat ist icssearch/repor t/?year=2015

&countr y=SINGAPORE&produc t=Elec tr ic i t yandHeat
[6] 	 ENGIE ouvre à Singapour un nouveau Lab dans le domaine de l ’énergie ver te,  11/07/2016,  https://www.engie.com/journalistes/

communiques- de -presse/engie -s ingapour-nouveau- lab - lenergie -ver te/
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NUS conference : does hydrogen belong in 
tomorrow’s electricity grid ?

To  b e g i n  t h e  w e e k ,  O S E  s t u -

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

by Armin Aber le,  d i rec tor  of  the 

S o l a r  E n e rg y  R e s e a rc h  I n s t i t u te 

of  S ingapore (SERIS) ,  par t  of  the 

Nat ional  Univers i t y  of  S ingapore 

( N U L ) .   Th e y  g ave  a  t a l k  o n  t h e 

subjec t  they have been work ing 

o n  fo r  t h e  l a s t  fe w  m o n t h s ,  i . e . 

h y d r o g e n  a s  a n  e n e r g y  c a r r i e r 

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

t r i c a l  n e t w o r k s .  We  i n v i t e  y o u 

to  co n s u l t  t h e  fo l l ow i n g  a r t i c l e 

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

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

i t  such an enr iching exper ience! 

Th e  m o r n i n g  e n d e d  w i t h  a  v i s i t 

t o  t h e  l a b.  T h e  p r o m o t i o n  w a s 

g u i d e d  t h r o u g h  t h e  c e n t r e  b y 

Eddy Blok ken,  business  manager 

of  solar  ac t iv i t y.

N U S  i n  s h o r t :  f o u n d e d  i n  1 9 0 5 

and covering an area of  150 hect-

ares,  NUS is  the most  prest igious 

u n i ve r s i t y  i n  S i n g a p o re,  i n c l u d-

i n g  1 6  f a c u l t i e s  a n d  s c h o o l s 

spread on three campuses,  Kent 

R idge,  Buk it  Timag and Outram. 

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

research to  medic ine,  engineer -

ing,  b iotechnologies,  nanotech -

nologies  and internat ional  busi -

ness.  Among its  research centers, 

SERIS is  the national  solar  energy 

research center.  Created in  2008 

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

R e s e a r c h  Fu n d  a n d  U n i v e r s i t y, 

this autonomous laborator y com-

b i n e s  R & D  w i t h  i n d u s t r i a l  d e m-

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

s u l t i n g  a c t i v i t i e s  i n  S i n g a p o r e , 

a n d  m o r e  w i d e l y  i n  S o u t h - E a s t 

As ia  for  solar  technology-bui ld-

ing integrat ion pur poses.  These 

ac t iv i t ies  are  related to develop -

m e n t ,  s y s t e m  s e r v i c e  o p t i m i z a -

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

t ion of  modules.

T h e  v i s i t  b e g a n  w i t h  a  t r i p  t o 

the control  center.  Here,  numer-

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

d a t a  c o l l e c t e d  e a c h  s e c o n d  b y 

a  large f leet  of  photovolta ic  cel l 

s e n s o r s  p l a ce d  o n  t h e  ro o f  a n d 

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

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

ter r i tor y.  These  captors  provide 

var ious  systems with produc t ion 

and demand data ,  whi le  stat ions 

provide accurate data about solar 

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

l o gi c a l  f a c to r s  u s e f u l  to  u n d e r -

s t a n d  P V  t e c h n o l o g y.  T h e  d a t a 

a re  e x p l o i te d  by  re s e a rc h e r s  to 

develop per formance monitoring 

a n d  p re v i s i o n  t o o l s  i n  o rd e r  t o 

more eff iciently manage the solar 

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

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

consultant posit ion in South-East 

A s i a .  To d a y,  t h e  m o d e l s ’ e r r o r 

rate  i s  co m p r i s e d  b e t we e n  1 0 % 

and 12% (M in Square Root) .  Two 

forecast  models  are  being devel -

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

f i s h - e ye  c a m e ra  d at a ,  w h i l e  t h e 

second analyzes  radar  meteoro -

logical  maps. 

Nex t  came a  presentat ion of  PV 

cell  production laboratories,  with 

a  speci f ic  focus  on t wo cel l  tech-

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

at  SERIS .  The f i rst  uses  a  copper 

layer technique for cell  junctions. 

Ve r y  h i g h  p re c i s i o n  i s  re q u i re d 

(hundredth of  a  mi l l imeter  accu-

r a c y )  t o  p re ve n t  c o p p e r  m i g r a -

t i o n  p h e n o m e n a  i n  s i l i co n .  Th i s 

re s u l t s  i n  a  s i gn i f i c a nt  i n c re a s e 

in capital  investments.   This tech-

nology,  whi ch  i s  new at  la bora-

t o r y  s c a l e ,  n o n e t h e l e s s  o f f e r s 

h igh throughput  of  up to  24 %.

The other technique is  one of  the 

most used in industr y.  I t  employs 

s i l ve r  i n s te a d  o f  co p p e r  to  e f f i -

ciently tack le migration phenom-

ena.  Thus,  this  s impli f ied process 

requires  less  investment,  but  has 

to deal  with high operation costs 

d u e  t o  s i l v e r ’s  r e l a t i v e l y  h i g h 

pr ice.

Our  v is i t  ended with a  ta lk  about 

i o n  i m p l a n t a t i o n .  T h i s  p ro c e s s , 

e m p l o y e d  a t  l a b o r a t o r y  s c a l e 

i n  S E R I S  fo r  p h o tovo l t a i c  a p p l i -

c at i o n ,  i s  b ro a d l y  u s e d  i n  m a ny 

other industr ies.  Researchers use 

it  to create an extremely accurate 

doping profi le in the si l icon layer, 

to  re a c h  h i g h  y i e l d s  c a p a b l e  o f 

c o m p e t i n g  w i t h  t o d ay ’s  P V  c e l l 

l e a d e r ,  S u n P o w e r .  O n e  m i d -

t e r m  c h a l l e n g e  i s  t o  re p ro d u c e 

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

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

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

s ion process.

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

r e s e a r c h e r s  a r e  a m b i t i o u s : 

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

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

w h i l e  t a c k l i n g  p ro h i b i t i ve  l a n d 

pr ices  that  can lead PV projec ts 

to f inancial  disaster,  they are tar-

geting water reser voir sur faces to 

set  up f loat ing PVs.  A  f i rst  2  MW 

p e a k  d e m o n s t r a t o r  o n  Te n g e h 

reser voi r  shoul d  acce l erate  th is 

te c h n o l o g y  d e p l oy m e nt  a s  p a r t 

of  the SolarNova program, which 

has f ixed the objective of 350 MW 

in  S ingapore by 2020. 

Fu r t h e r m o re ,  t h e  wo r k  d o n e  a t 

S E R I S  i s  n o t  l i m i te d  to  P V  te c h-

n o l o g y .  C h e m i c a l  p r o d u c t i o n 

cel ls  and elec trolyzors  for  meth-

a n o l  a n d  h y d r o g e n  g e n e r a t i o n 

f rom ex tra  intermittent  e lec tr ic -

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

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

Eddy Blok ken sees the wide scale 

spread of  compact PV and chemi-

cal  micro units  producing decen-

tra l ized hydrogen and methanol 

gathered in  a  col lec tor. 

We  wo u l d  l i k e  t o  w a r m l y  t h a n k 

Ar min Aber le  and Eddy B lok ken 

for their  welcome and for sharing 

their  thoughts  with us  on hydro -

g e n  a n d  c u r r e n t  r e s e a r c h  a t 

SERIS.  We are also grateful  to the 

SERIS  researchers  that  attended 

our  presentat ion and made i t  so 

interac t ive. 

R aphaël  CLUE T

& Adnane HATIM 

© REUTERS
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At  the  conference presented by 

the OSE Post- Graduate students 

a t  t h e  S E R I S  l a b o r a t o r y  ( S o l a r 

E n e r g y  R e s e a r c h  I n s t i t u t e  o f 

S i n g a p o re )  i n  N U S ,  t h e  i nte gra -

t i o n  o f  hyd ro g e n  i n to  t h e  e l e c -

tr ical  net work was addressed.  As 

an energy carr ier,  hydrogen has 

several  advantages  to  tack le  the 

intermittenc y of  renewable ener-

gies.  These renewables,  although 

constantly growing in the energy 

mix ,  are  par t  of  a  g lobal  energy 

production sti l l  composed of 80% 

foss i l  resources. 

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

n o t  e x i s t  i n  a  n a t u ra l  s t a te  a n d 

needs to  be produced before  i ts 

energy can be appl ied for  other 

purposes.  Today,  95% of  the mol-

ecule’s  produc t ion is  carr ied out 

us ing foss i l  energies  (G as  -  68%; 

Oi l  -  16% and Coal  -  11%) and 5% 

f ro m  t h e  e l e c t ro l y s i s  o f  re n e w-

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

most  widespread method being 

t h e  s t e a m  re fo r m i n g  o f  n a t u r a l 

gas.

N e ve r t h e l e s s ,  t h e  d e ve l o p m e n t 

of  hydrogen as  an energy carr ier 

m u s t  b e  a d d re s s e d  t h ro u g h o u t 

t h e  w h o l e  v a l u e  c h a i n ,  i n c l u d -

i n g  s t o r a g e  a n d  t r a n s p o r t . 

C o n c e r n i n g  s t o r a g e ,  p h y s i -

c a l  t e c h n i q u e s  e x i s t ,  w h i c h  a re 

storage by compressed gas,  and 

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

for ms.  S ol id  storage techniques 

a r e  a l s o  b e i n g  d e v e l o p e d ,  b y 

a b s o r p t i o n  o r  a d s o r p t i o n .  T h e 

f i rst  of  these consists  in  captur-

ing hydrogen l ike  a  sponge,  the 

second captures it  on the sur face 

of  a  mater ia l . 

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

a r i s e s .  W h a t  a re  t h e  m o s t  s u i t -

a b l e  m e a n s  fo r  d i f fe re n t  a p p l i -

cations? Today,  there is  a network 

o f  a ro u n d  5 , 0 0 0  k m  o f  g a s e o u s 

hydrogen pipelines,  43% of which 

are  operated by Air  L iquide and 

2 5 %  b y  t h e  A m e r i c a n  c o m p a ny 

A i r  Pr o d u c t s .  H o w e v e r,  n u m e r -

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

s i d e r e d .  T h e  c o s t  o f  m a t e r i -

a l s  a n d  l a b o r  re q u i re d  t o  b u i l d 

s u c h  s t r u c t u re s  d o e s  n o t  m a k e 

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

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

Fo r  s h o r t - d i s t a n ce s ,  s o m e  co m -

p a n i e s ,  l i k e  S h e l l ,  o p t  to  t r a n s -

por t hydrogen gas by truck,  while 

l i q u e f i e d  hyd ro g e n  t ra n s p o r t  i s 

p re fe r a b l e  fo r  l o n g e r  d i s t a n c e s 

( o v e r  2 0 0  k m ) .  B o t h  o f  t h e s e 

t e c h n i q u e s  h a v e  t h e i r  a d v a n -

t a g e s  b u t  re q u i re  a n  e x p e n s i ve 

infrastruc ture  depending on the 

state  of  the molecule  (compres-

s i o n  o r  l i q u e f a c t i o n  s t a t i o n s ) . 

S o m e  m o re  m a rgi n a l  l o n g - te r m 

projec ts,  a iming to  cover  longer 

d i s t a n c e s ,  c o n s i d e r  t r a n s p o r t a -

t ion by  boat .  This  i s  the case  of 

the  projec t  being developed by 

K awasak i ,  which aims to connec t 

Austra l ia  and Japan.

A s  f o r  h y d r o g e n  c o n s u m p t i o n , 

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

c e r n e d .  Po w e r - t o -X  r e p r e s e n t s 

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

i t y  into  hydrogen for  industr ia l , 

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

p u r p o s e s ,  a s  s h o w n  i n  t h e  fo l -

lowing diagram:

S T U D E N T  P R E S E N TAT I O N  S U M M A R Y

Uses of  hydrogen 
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I t  t h e r e f o r e  o f f e r s  f l e x i b i l i t y 

a d v a n t a g e s  t h a t  c a n  g u a r a n t e e 

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

o r  g a s  n e t w o r k .  H y d r o g e n  g a s 

on i ts  own,  or  coupled with CO 2 

to  p ro d u ce  C H 4 ( Powe r - t o - G a s ) , 

can thus be injec ted into the gas 

net work .

I n  F r a n c e ,  p r o j e c t s  s u c h  a s 

GRHYD (Dunkerque)  and Jupiter 

1000 (Fos-sur-mer)  are  studying 

the feas ibi l i t y  and economic  re l -

e v a n c e  o f  Po w e r - t o -X  p r o j e c t s . 

Project  yields are around 66% for 

a  Powe r- to - G a s  p ro j e c t  w i t h o u t 

e n e r g y  s t o r a g e  a n d  2 6 %  f o r  a 

Power-to -Power  projec t .

At  t h e  h e a r t  o f  t h e  co n fe re n ce, 

t h e  p l a c e  o f  h y d r o g e n  i n  t h e 

e l e c t r i c i t y  g r i d  w a s  b ro u g h t  t o 

l ight ,  par t icular ly  in  microgr ids. 

T h e  f l e x i b i l i t y  o f  t h e  m o l e c u l e 

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

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

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

s t a b i l i t y.  I t  p r o v i d e s  m e d i u m - /

l o n g - t e r m  s t o r a g e  by  re p l a c i n g 

diesel  generators.  As with Power-

to -X ,  s o m e  p ro j e c t s  a ro u n d  t h e 

wor ld  a im to  test  the  impac t  of 

th is  technology on the e lec tr ic -

i t y  gr id,  inc luding:

• 	 SPORE in  S ingapore 

• 	 Mafate  on Reunion Is land

• 	 M yr t le  in  Cors ica

Simi lar ly,  H ydrogen can be con-

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

c a t i o n s .  I t  a l l o w s  n e t wo r k  c o n -

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

p e a k  p e r i o d s  a n d  h e l p s  a v o i d 

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

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

D u n s fo l d  p ro j e c t  i n  t h e  U n i t e d 

K ingdom,  which suppl ies  1 .5MW 

to  2 , 5 0 0  h o u s e s  o n  a  Powe r- to -

Power  system.

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

interesting on a large scale.  After 

the Fukushima accident  in  2011, 

Japan decided to  put  an end to 

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

d i re c t l y  i m p a c te d  t h e  co u nt r y ’s 

mix,  lowering its energy indepen-

dence rate  f rom 20% to 5%.  As  a 

result ,  the Japanese government 

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

deployment  plan,  the “H ydrogen 

Society ”.  This plan is  being imple -

mented in  three phases,  the last 

being the produc t ion and use of 

100% carbon-free H ydrogen :

• 	 present  -  2020 :  expansion of 

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

t ion uses

• 	 2020 -  2040 :  energy produc -

t ion f rom hydrogen

• 	 f ro m  2 0 4 0  :  p ro d u c t i o n  a n d 

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

hydrogen

T h e  c o u n t r y  i s  a l s o  a i m i n g  a t 

becoming the world reference for 

t h e  s e c to r,  fo r  w h i c h  t h e  To k yo 

2020 Olympic  G ames wi l l  be  the 

showcase.

Hydrogen at  Tokyo’s Olympics in 2020 
© Tokyo metropol i tan government
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T h e  q u e s t i o n  t h e n  e m e r g e s :  i s 

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

energy carr ier? 

To date,  90% of  g lobal  hydrogen 

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

re s o u rc e s ,  w h i c h  s t ro n g l y  g o e s 

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

s e c t o r  l i n k e d  t o  i t s  a s s o c i a t i o n 

with renewable  energies.

A  E u r o p e a n  i n i t i a t i v e ,  C e r t i f h y 

( d e v e l o p e d  i n  Ta b l e  2 ) ,  w a s 

carr ied out  to  control  the or igin 

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

e i t h e r  g r e y ,  l o w - e m i t t i n g ,  o r 

green.

B eyond regulator y  i ssues,  there 

a re  e c o n o m i c  r e q u i re m e n t s  fo r 

the sec tor  to  be competi t ive  by 

2050:

• 	 CAPEX reduc t ion by 2 ;

• 	 L o w  e l e c t r i c i t y  p r i c e s  f o r 

h y d r o g e n  p r o d u c t i o n  f r o m 

renewable  energies.

Today,  the pr ice  of  Power-to - G as 

is  ten t imes higher  than natural 

g a s ,  m a k i n g  i n c e n t i v e  p o l i c i e s 

n e ce s s a r y  to  s u p p o r t  t h e  e m e r -

gence of  the sec tor.

To  u n d e r s t a n d  t h e  f a c t o r s  t h a t 

would al low this emergence,  pro-

spec t ive  studies  have been ana-

lyzed model ing di f ferent  scenar-

ios.  These studies  focus  on three 

dif ferent  scales :  Europe,  Belgium 

and Maurit ius.  By var ying param-

e t e r s  s u c h  a s  d e m a n d ,  n u m b e r 

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

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

deployment  (PV,  b iomass,  wind) , 

hydrogen only proves itself  inter-

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

o n  CO 2 e m i s s i o n s .  I n  a d d i t i o n , 

t h e  s e c t o r s  i n  w h i c h  t h e  m o l e -

c u l e’s  d e p l o y m e n t  i s  p r e f e r r e d 

are  industr y  and transpor t .

T h u s ,  a l t h o u g h  hyd ro g e n  t e c h -

n o l o g y  c a n  b e  u s e d  fo r  a  g o o d 

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

s e c t o r  s t i l l  r e q u i r e s  s i g n i f i c a n t 

investments  to  become compet-

i t ive  and an integral  par t  of  the 

energy mix.  S imilar  to renewable 

energies,  hydrogen could f ind its 

p l a c e  i n  t h e  e l e c t r i c i t y  g r i d  o f 

tomorrow.

Daniel  ERBESFELD

& Lise  ADEGNON

Schematic v iew of  the cert i f icat ion process of  hydrogen

Presentat ion 
by OSE Master 
students at  the 

SERIS laboratory in 
NUS
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I n  t h e  a f t e r n o o n  o f  M o n d a y 

1 3 t h  M a rc h ,  we  we re  we l co m e d 

b y  p r o fe s s o r  C H A N  a t  N a ny a n g 

Te c h n o l o g y  U n i v e r s i t y  ( N T U 

S ingapore) .  M r.  CHAN Siew H wa 

i s  C o - d i r e c t o r  o f  t h e  E n e r g y 

Research Institute at NTU (ERI@N) 

a n d  D e p u t y  D i r e c t o r  o f  t h e 

Mar i t ime I nst i tute  (MI@NTU) .  He 

star ted his  academic  research in 

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

i t a r y  e n g i n e s .  S i n c e  1 9 9 7 ,  h e 

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

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

oxide fuel  cel l  (SOFC) technology 

a nd  fu el  re fo r m i n g.  He  i s  c ha i r -

man of  the f i rst  Wor ld  H ydrogen 

Technologies Convention ( WHTC) 

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

hyd ro g e n  a p p l i c a t i o n s .  H i s  l a b -

o r a to r y  s p e c i a l i ze s  i n  f u e l  c e l l s 

with  a  focus  on mobi l i t y  (hydro -

g e n  v e h i c l e s ,  e l e c t r i c  v e h i c l e s , 

e t c . ) .  D u r i n g  t h e  p r e s e n t a t i o n , 

Mr.  Chan spoke about the col lab-

oration with CEA to develop solid 

oxide fuel  cel ls  (SOFCs).  This type 

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

ar y appl icat ions and func tions at 

high temperatures (450-1,000°C). 

M.  Chan also works on electrolyz-

ers which he considers remain too 

e x p e n s i ve  a n d  re q u i re  re s e a rc h 

into improving their  yield.  To this 

end,  he is  developing a  new k ind 

of  technology named SOEC (sol id 

oxide e lec trolyzer  cel l )  which is 

a b l e  t o  m a k e  u s e  o f  f a t a l  h e a t 

and increase yields by up to 85%-

1 1 9 %  ve r s u s  5 5 % - 8 3 %  fo r  b o t h 

c o nv e n t i o n a l  a l k a l i n e  a n d  P E M 

t e c h n o l o g i e s .  C o m b i n i n g  S O E C 

and SOFC technologies,  i t  i s  pos-

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

e n e r g y  s y s t e m  c a l l e d  “ Po w e r  + 

Heat  to  Power ”.

M r.  Chan ment ioned the  French 

n u c l e a r  p o w e r  p a r k ,  w h i c h  h e 

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

f o r  p r o d u c i n g  h y d r o g e n  f r o m 

f at a l  h e at .  H e  a l s o  o u t l i n e d  t h e 

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

P V s  i n s t a l l e d  a t  S i n g a p o r e a n 

NTU Conference : Is hydrogen the solution for a 
sustainable mobility ?

The « Power+heat to Power » operat ing pr inciple © NTU
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r e s e r v o i r s  i n  o r d e r  t o  p r o d u c e 

g re e n  hyd ro g e n .  Cu r re n t l y,  t h e 

S i n g a p o re a n  g ove r n m e nt  i s  n o t 

in  favor  of  developing such proj -

e c t s  f o r  h y d r o g e n  p r o d u c t i o n 

within the “ver y dense” c ity  state 

for  secur i t y  reasons. 

H o w e v e r,  h y d r o g e n  i s  a l r e a d y 

p r o d u c e d  a n d  c o n s u m e d  o n  a 

l a rg e  s c a l e  ( 3 , 0 0 0  k g H 2 / h )  n e a r 

S i n g a p o r e  a t  a  r e f i n i n g  p l a n t 

o p e r a t e d  b y  S h e l l ,  E x xo n M o b i l 

and Chevron. 

On a  global  scale,  M.  Chan orga-

n i z e s  t h e  a n n u a l  H y d r o g e n 

Power  Theoret ical  &  Engineer ing 

S o l u t i o n s  I n t e r n a t i o n a l 

Symposium (HYPOTHESIS)  whose 

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

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

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

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

meet,  discuss and present  recent 

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

o g y.  Th i s  ye a r  i t  w i l l  t a k e  p l a ce 

in  S ingapore f rom 24 to  27 July.

Chaimaa ELMK ADMI

& Flor ian ROUOT

Fo l l ow i n g  Pro fe s s o r  C h a n’s  p re -

s e n t a t i o n ,  t h e  O S E  M a s t e r  s t u -

dents  gave a  45-minute presen -

tat ion summing up their  work on 

hydrogen and i ts  appl icat ion to 

mobi l i t y.  Af ter  h ighl ight ing the 

significant share of CO 2 emissions 

d u e  t o  m o b i l i t y,  t h e  d i f f e r e n t 

sources  of  hydrogen produc t ion 

were presented.  This  molecule  is 

produced 95% from fossi l  energy 

and 5% from electr icity,  with pro-

duc t ion costs  ranging from $2.5/

Kg to  $12/kg.  The t wo avai lable 

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

c u s s e d ,  w i t h  p h y s i c a l  s t o r a g e 

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

700bar  in  a  tank ,  and storage in 

m a te r i a l s  u s i n g  a b s o r p t i o n  a n d 

a d s o r p t i o n  p ro c e s s e s .  P i p e l i n e , 

truck and ship technologies were 

t h e n  d e s c r i b e d .  T h e  s t u d e n t s 

ended the  f i rs t  par t  with  a  pre -

sentat ion of  Power-to -X systems. 

Po w e r - t o - g a s  i n j e c t s  h y d r o g e n 

produced from an electrolyzer  or 

methane into the gr id.  Power-to -

Power  completes  this  process  by 

c o nve r t i n g  hyd ro g e n  b a c k  i n t o 

e lec tr ic i t y  us ing a  fuel  cel l . 

S U M M A R Y  O F  T H E  S T U D E N T S’ P R E S E N TAT I O N

The di fferent engine structures involv ing hydrogen
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D u r i n g  t h e  s e c o n d  p a r t  o f 

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

hydrogen in  the mobi l i t y  sec tor 

was  s t udi ed i n  more  deta i l .  The 

var ious engine struc tures involv-

ing hydrogen include those with 

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

w h i c h  a re  n o t  ve r y  w i d e s p re a d, 

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

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

e i ther  connec ted to  a  batter y  or 

directly to the engine.  The differ-

ent options for  refuel ing stations 

we re  t h e n  e x p l a i n e d.  H yd ro g e n 

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

on-s i te  and stored in  exist ing or 

d e d i c ate d  s t at i o n s .  Af te r  d e f i n-

ing the not ion of  an ecosystem, 

the students  then developed the 

examples  of  the Olympic  v i l lage 

planned for  the Tok yo G ames in 

2 0 2 0  a n d  t h e  To k y o  a n d  O s a k a 

a i rpor ts .

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

s u b j e c t  o f  t h e  l a s t  p a r t .  T h e 

d e v e l o p m e n t  o f  t h e  s e c t o r 

depends on the one hand on CO2 

emissions during production and 

on the other  hand on the evolu-

tion of  technology costs.  In order 

t o  e n s u r e  a  l o w  e nv i r o n m e n t a l 

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

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

Ce r t i f hy  p ro j e c t ,  c a n  b e  s e t  u p. 

Fi n a l l y,  a n  a n a l y s i s  o f  p ro s p e c -

tive studies at  national  level,  fea-

turing Belgium, and international 

level ,  with  Europe,  showed that 

t h e  s e c to r ’s  d e ve l o p m e nt  re l i e s 

in  par t icular  on freight  transpor-

tat ion and greater  investments.

Th e  c o n fe re n c e  wo u n d  u p  w i t h 

quest ions  bet ween the audience 

a n d  t h e  s t u d e n t s .  Th e  a u d i to r s , 

a l ready specia l i s ts  in  hydrogen, 

discussed the issue of  safet y  and 

t h e  v a r i o u s  E u r o p e a n  p r o j e c t s 

under  way.

We would l ike  to  thank Professor 

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

s h a r i n g  h i s  e x p e r i e n c e  i n  t h e 

f ield of  hydrogen,  as well  as al l  of 

t h e  co n fe re n ce  p a r t i c i p a n t s  fo r 

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

the exchanges with the students.

Samuel  PE TITJEAN

& Thomas BAZIRE

OSE Master student present ing at  NTU
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EDF LAB tackles smart cities and microgrids in 
Southeast Asia

On the second day, the OSE Master 

s t u d e n t s  v i s i t e d  t h e  C e n t e r  o f 

Bui lding Research,  which houses 

t h e  E D F  L a b  S i n g a p o r e  h e a d -

q u a r t e r s .  A s  w e  e n t e r e d  t h e 

b u i l d i n g ,  w e  p a s s e d  t h r o u g h 

a  g a l l e r y  w i t h  a  p a n o r a m a  o f 

S ingaporean urban histor y  i l lus-

trat ing the c i t y-state’s  meander-

i n g  h o u s i n g  d e ve l o p m e n t  f ro m 

1 9 6 3  t o  2 0 1 4  a n d  t h e  t r a n s fo r-

mation of  i ts  green spaces,  envi-

ronment,  waste  and water  man-

agement,  technology and energy.  

On the 1st  f loor  of  the bui ld ing 

w e  w e r e  w e l c o m e d  b y  a n  O S E 

a lumnus f rom the c lass  of  2016: 

Geoffrey  O R L A N D O  who has  just 

j o i n e d  t h e  E D F  L a b  t e a m ,  a n d 

t h e  d i r e c t o r  o f  t h e  l a b o r a t o r y 

M a x i m e  C A S S AT  w h o  p re s e n te d 

us the main research areas of  the 

laborator y.  

         

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

Research and Development  div i -

s i o n  h a d  b e e n  c r e a t e d  b y  E D F 

Group to strengthen its  presence 

in South Asia.  The city-state com-

miss ioned EDF R&D to develop a 

dec is ion suppor t  tool  for  ur ban 

management  and p lanning.  The 

s t e a d i l y  g r o w i n g  d e m o g r a p h -

i c s  o f  S i n g a p o r e  ( +  1 . 4 5 %  l a s t 

ye a r )  i n  a  l i m i te d  s p a ce  re q u i re 

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

able  development. 

 

EDF  has   developed  a   ground-

b r e a k i n g   u r b a n   m o d e l i n g  

to o l   i n   co l l a b o r a t i o n  w i t h  t h e 

Housing and Development Board 

o f  S i n g a p o r e  [ H D B ] ,  t h e  c o u n -

tr y ’s  biggest housing provider ( in 

c h a rg e  o f  8 3 %  o f  h o u s i n g ) .  M r. 

CASSAT told us about this 3D plat-

form that al lows decision-makers 

to  co m p a re  t h e  i m p a c t  o f  p l a n -

n i n g  p o l i c y  s ce n a r i o s  o n  d i f fe r -

ent  urban components  and iden-

t i fy  the most  appropriate one for 

a c h i e v i n g  i t s  g o a l s .  Th e s e  co m -

ponents include bui lding design, 

w a t e r  a n d  w a s t e  m a n a g e m e n t 

( i n  c o l l a b o r a t i o n  w i t h  Ve o l i a ) , 

green space and transpor t  man-

a g e m e nt .  Th e  t wo fo l d  a i m  i s  to 

design res i l ient  and susta inable 

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

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

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

industr ia l  par tners.  The systemic 

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

designing bui lding t ypologies  in 

order to construct a three -dimen-

s ional  p lan of  the studied space. 

The  nex t  s tep involves  bui ld ing 

load cur ves and scenarios of pop-

ulat ion evolut ion and technolo -

gies  such as  air  condit ioning and 

LED bulbs.  This  decis ion suppor t 

tool  can be adapted to  di f ferent 

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

scale  planning programs (Master 

P l a n s ) ,  f o r  d i a g n o s e s  a i m e d  a t 

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

for  bui ld ings.  

  

M r.  C A S S AT  d e s c r i b e d  t h e  c o n -

c r e t e  s t u d y  c a s e  o f  Yu h u a  d i s -

t r i c t ,  J u r o n g  E a s t ,  i n  w e s t e r n 

S ingapore.  Fol lowing implemen-

t a t i o n  o f  t h e  I T  t o o l ,  E D F  r e c -

o m m e n d e d  t h r e e  d e v e l o p m e n t 

scenar ios :   

• 	 S u s t a i n a b l e :  a  1 0 %  i n c re a s e 

in  PV e lec tr ic i t y  produc t ion, 

and a  12% reduc t ion in  con-

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

saving ac t ions. 

• 	 S m a r t :  E n e r g y  m a n a g e m e n t 

in  housing.

• 	 Resi l ient:  Use of  other energy 

sources.

O ther  research f ie lds  and learn-

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

projec ts  are  carr ied out  in  par t-

nership with several  univers i t ies 
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(NTU,  SUTD,  NUS and the ESSEC 

B u s i n e s s  S c h o o l ) .  O n e  e x a m p l e 

i s  t h e  N e w  U r b a n  K a m p u n g 

p r o j e c t ,  w h i c h  w a s  d e v e l o p e d 

w i t h  S i n g a p o r e  U n i v e r s i t y  o f 

Te c h n o l o g y  a n d  D e s i g n  t o  a d d 

func t ional i t ies  such as  standard 

o f  l i v i n g ,  i n c l u d i n g  n o i s e  a n d 

e c o s y s t e m  s e r v i c e s .  T h e  a i m  i s 

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

o n  s u r v e y s  o f  t h e  S i n g a p o r e a n 

p o p u l a t i o n .  I n  a d d i t i o n ,  p r o -

gresses  in  B ig  Data  make i t  pos-

s ib le  to  ex trac t  the  infor mat ion 

for  decis ion-mak ing.

M r.  C A S S AT  c o n c l u d e d  h i s  p re -

sentat ion with a  microgr id  dem-

onstrator  projec t  in  the contex t 

of  the REIDS (Renewable  Energy 

I n t e g r a t i o n  D e m o n s t r a t o r ) 

p r o g r a m .  I t s  o b j e c t i v e  i s  t o 

d e ve l o p  a  re l i a b l e  e n e rg y  m a n-

a g e m e nt  s ys te m  by  m a x i m i z i n g 

produc t ion ( f rom several  energy 

s o u rce s  a n d  s to r a g e )  a n d  m i n i -

m i z i n g  l o s s e s  v i a  a n  o p t i m i z e d 

and centra l ized energy system.

  

The exchanges bet ween the stu-

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

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

at  the  hear t  of  energy  i ssues  in 

S o u t h e a s t  As i a  we re  b o t h  f r u i t -

ful  and enriching.  These included 

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

b e n e f i t s  o f  m i c ro gr i d s  i n  i s l a n d 

a re a s  o f  t h e  re g i o n  ( I n d o n e s i a , 

Ph i l i p p i n e s,  M a l ays i a )  a n d  t h e i r 

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

f u t u re  d e ve l o p m e n t  o f  a n  e l e c -

tr ic i ty  gr id mainly  based on coal .

    

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

t h e  m e m b e r s  o f  t h e  E D F  L a b 

S i n g a p o re  te a m  a n d  i n  p a r t i c u-

lar  M axime Cassat  and G eoff rey 

Orlando for the time they devoted 

to  us  dur ing the v is i t . 

Yacine ALIMOU

Presentat ion of  the EDF Lab Singapore by Mr.  CASSAT
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Schneider Electric : What future for microgrids in 
South-East Asia ?

Schneider  E lec tr ic ,  a  g lobal  spe -

c i a l i s t  i n  e n e r g y  m a n a g e m e n t 

and automation present  in  more 

t h a n  1 0 0  c o u n t r i e s ,  d e v e l o p s 

m i c r o g r i d  e n e r g y  s o l u t i o n s  fo r 

remote sites in South-East  Asia,  a 

region where e lec tr ic i t y  i s  of ten 

u n re l i a b l e .  I n  2 0 1 6 ,  t h i s  re g i o n 

accounted for approximately 27% 

of Schneider Electr ic ’s  worldwide 

revenues.  The growing electr icity 

market  in  I ndonesia  is  Schneider 

E lec tr ic ’s  largest  par tner  in  As ia . 

T h o m a s  P o l l i a n d ,  M i c r o g r i d 

B u s i n e s s  D e ve l o p e r,  a n d  Tu s h a r 

M e n o n ,  M i c r o g r i d  A p p l i c a t i o n 

Design Engineer,  welcomed us at 

Schneider Electr ic ’s  headquar ters 

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

ac t iv i t ies  of  the French company 

in  this  region.

S c h n e i d e r  E l e c t r i c ’s  m a x i m , 

“ m o r e  e l e c t r i c i t y ,  m o r e  d i g i -

ta l ized,  more  decar bonized and 

more decentra l ized” is  per fec t ly 

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

a c t i v i t i e s  i n  S o u t h - E a s t  A s i a . 

I n d e e d,  t h e  m i c ro g r i d  p re s e n t s 

m a ny  i n t e re s t i n g  fe a t u re s :  i t  i s 

a  smal l ,  decentra l ized e lec tr ica l 

n e t wo r k  t h a t  p ro v i d e s  re l i a b l e , 

c h e a p  e l e c t r i c i t y  f r o m  r e n e w -

able  energy sources.  Three t ypes 

o f  m i c r o g r i d  e x i s t ,  e a c h  w i t h 

speci f ic  features  :

• 	 S o - c a l l e d  “ o f f - g r i d ” 

microgr ids ;  these microgr ids 

n e v e r  c o n n e c t  t o  t h e  m a c -

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

p l e t e l y  i n d e p e n d e n t l y  f r o m 

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

for  economic  reasons or  due 

t o  t h e i r  g e o g r a p h i c  p o s i -

t i o n .  Ty p i c a l l y,  t h i s  t y p e  o f 

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

f a r  aw ay  f ro m  a ny  t r a n s p o r-

t a t i o n  a n d / o r  d i s t r i b u t i o n 

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

q u e n t l y,  w i t h  n o  l i n k  to  t h e 

m a i n  n e t w o r k .  T h i s  t y p e  o f 

m i c r o g r i d  i s  m a i n l y  d e v e l -

oped in  I ndonesia .

• 	 S o - c a l l e d  “ g r i d - t i e d ” 

m i c r o g r i d s ;  t h i s  t y p e  o f 

microgr id  i s  fu l ly  connec ted 

to the main network .  They are 

g e n e r a l l y  i n s t a l l e d  i n  a r e a s 

where the e lec tr ica l  net work 

is  rel iable,  such as Singapore.

• 	 S o - c a l l e d  “ i s l a n d a b l e ” 

m i c r o g r i d s ;  t h i s  t y p e  o f 

m i c r o g r i d  i s  h i g h l y  s i m i l a r 

t o  t h e  p r e v i o u s  o n e ,  t h e 

o n l y  d i f fe re n c e  l y i n g  i n  t h e 

fac t  that  in  case  of  acc ident 

on the  main  net wor k  due to 

the weather  for  instance,  the 

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

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

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

e n t e r e d  t h e  m a r k e t ,  m a i n l y 

in  Thai land. 

The business model of a microgrid 

p r o j e c t  f o r  S c h n e i d e r  E l e c t r i c 

i s  s i m p l e :  S c h n e i d e r  d o e s  n o t 

f inance a  microgr id  ent i re ly  but 

rather  ac ts  as  a  technology pro -

v i d e r  ( p ro d u c t s  a n d  s o l u t i o n s ) . 

T h u s ,  S c h n e i d e r  E l e c t r i c  o f f e r s 

i t s  c u s t o m e r s  t w o  m i c r o g r i d 

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

same IoT  technology developed 

in-house:  the open and interop -

e r a b l e  p l a t f o r m  E c o S t r u x u r e ™ . 

T h e  f i r s t  s o l u t i o n  i s  a n  E M S 

( E n e r g y  M a n a g e m e n t  S y s t e m ) 

that  enables optimization,  based 

o n  c l o u d  p re d i c t i o n ,  o f  p e r i o d s 

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

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

t o  o n e  m i n u t e  a c c u r a c y ) .  T h i s 

f i rst  solut ion is  par t icular ly  wel l 

a d a p t e d  t o  t h e  “g r i d - t i e d ” a n d 

“ i s l a n d a b l e ” m i c r o g r i d s ,  w i t h 

a  c a p a c i t y  o f  b e t w e e n  1 0 0  k W 

and 20 MW. The other  microgr id 

control  solut ion is  a  PMS (Power 
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Management  System).  This  solu-

t ion ,  whi ch  i s  more  su i ta ble  for 

“o f f - g r i d ” m i c r o g r i d s  p r e s e n t -

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

s o u rc e s ,  e n s u re s  m i c ro g r i d  s t a -

b i l i t y  i n  re a l  t i m e  by  b a l a n c i n g 

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

storage thanks  to  a  super v isor y 

c o n t r o l  a n d  d a t a  a c q u i s i t i o n 

system (accurac y to  the order  of 

a  second to  a  mi l l i second) .

I n  c o l l a b o r a t i o n  w i t h  E N G I E , 

S c h n e i d e r  E l e c t r i c  i s  d e v e l -

o p i n g  a  P M S  f o r  t h e  p r o j e c t 

SPORE (Sustainable  Power ing of 

O f f - G r i d  R e g i o n s )  i n  s o u t h e r n 

Singapore,  precisely  on Semak au 

I s l a n d.  T h i s  i n i t i a t i ve  i s  p a r t  o f 

t h e  p r o j e c t  R E I D S  ( R e n e w a b l e 

Energy Integration Demonstrator 

i n  S i n g a p o r e )  c o n d u c t e d  b y 

N a nya n g  Te c h n o l o g y  U n i ve r s i t y 

(NTU)  with a  consor t ium of  par t-

ners.  REIDS represents the largest 

mult i - f lu idal  microgr id  based on 

r e n e w a b l e  e n e r g y,  i n t e g r a t i n g 

t h e  b i g g e s t  w i n d  t u r b i n e  i n 

Singapore,  PV panels  and batter y 

storage.  REIDS is  also designed to 

be f lexible and adaptable to local 

people’s  needs.

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

o f  t o o  m u c h  re n e w a b l e  e n e r g y 

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

issues  because of  their  intermit-

t e n c y,  p a r t i c u l a r l y  w i t h  r e g a r d 

to  f requenc y and voltage on the 

m i c r o g r i d .  Tu s k a r  M e n o n  p r e -

s e n t e d  u s  a n  i n n o v a t i v e  s o l u -

t i o n  d e v e l o p p e d  b y  S c h n e i d e r 

t o  o v e r c o m e  t h i s  3 0 %  l i m i t  o f 

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

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

m i c r o g r i d ’s  s t a b i l i t y :  t h e  V S G 

i n v e r t e r  ( V i r t u a l  S y n c h r o n o u s 

G e n e r a t o r s ) .  T h e  p r i n c i p l e , 

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

s imple.  The VSG inver ter,  by  imi-

tat ing the behavior  of  a  genset , 

s t a r t s  t h e  m i c r o g r i d .  E q u i p p e d 

with a batter y for  power smooth-

i n g ,  t h e  V S G  i n v e r t e r  p r o v i d e s 

synthetic inertia to the microgrid. 

G e n e r a t o r s  r u n n i n g  i n  p a r a l l e l 

can be switched off  when a  suf-

f ic ient  rate  of  renewable  energy 

has  been reached on the gr id.

We  wo u l d  l i k e  to  t h a n k  Th o m a s 

P o l l i a n d  a n d  T u s h a r  M e n o n 

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

v e r y  i n t e r e s t i n g  p r e s e n t a t i o n .

Har is  D J O U B R I 

Thomas Pol l iand present ing us wi th Schneider 
Electr ic ’s microgr id act iv i ty in South-East Asia

Principle of  the VSG inverter in the microgr id
© Schneider Electr ic
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Singapore City Gallery : the history of a city in 
perpetual evolution

Singapore is  one of the three sov-

ere ign states  of  the  wor ld,  with 

M o n a c o  a n d  t h e  Va t i c a n .   T h e 

i s l a n d ’s  l a n d  a r e a  i s  1 7  t i m e s 

greater  than Par is  and hosts  over 

5 .6  mi l l ion people. 

S i n g a p o re  C i t y  G a l l e r y  g i ve s  u s 

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

of  S ingapore’s  construc t ion and 

u n i q u e  d e v e l o p m e n t  f e a t u r i n g 

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

independence on 9 August  1965. 

T h e  f i r s t  f l o o r  o f  t h e  b u i l d i n g 

h o u s e s  a  m o d e l  o f  t h e  C e n t r a l 

Area of  Singapore that highlights 

t h e  h i g h  p o p u l a t i o n  d e n s i t y  o f 

t h i s  c o u n t r y  ( o n e  o f  t h e  g re a t -

e s t  i n  t h e  wo r l d )  w i t h  m u l t i p l e 

towers,  but  a lso numerous green 

s p a ce s,  w h i c h  i s  re m a r k a b l e  fo r 

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

Today,  the city continues to grow 

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

construc ted. 

V e r t i c a l  u r b a n i z a t i o n :                        

c o n s e r vat i o n  o r  r e c o n s t r u c t i o n  ?

To  f a c e  t h e  i s s u e  o f  i t s  l i m i t e d 

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

d e m o g r a p h i c  g r o w t h ,  t h e  g o v -

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

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

o ld  bui ld ings  or  demol ish  them 

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

ca l  ones.  Some of  the oldest  d is -

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

Singapore Central  Area Model (account ing for only 2.3% of the country)
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back to the late 1800s and 1900s, 

l ike  Chinatown,  L i t t le  I ndia  and 

K ampong Glam,  have been con-

s e r v e d .  H o w e v e r,  s e v e r a l  o t h e r 

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

a n d  re c o n s t r u c t e d  t o  m a k e  f u l l 

u s e  o f  t h e  p r i m e  l a n d.  I n  a d d i -

t ion to the bui ldings,  many trees 

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

pleasant shaded areas in the city. 

Th e  yo u n g  s t a te - c i t y  i s  to d ay  a 

wor ld- c lass  example of  architec-

t u re,  a b l e  to  co n c i l i ate  m a s s i ve 

urbanizat ion and green spaces.

S i n g a p o r e  h a s  t h e  h i g h e s t 

housing owner  rate  in  the wor ld, 

w i t h  8 9 %  o f  c i t i z e n s  o w n i n g 

their  home.  85% of  accommoda-

t ion is  managed by the Housing 

Development  Board.

S i n g a p o r e ’ s  e c o n o m i c  d r i v e r s

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

b i g g e s t  o i l  e x p o r t e r s  i n  t h e 

wor ld,  with  68 mi l l ion tons  of  o i l 

expor ted in  2007 (BP Stat is t ica l 

R e v i e w  o f  Wo r l d  E n e r g y,  J u n e 

2008) .

This  state - c i t y  i s  a  wor ld  t rading 

h u b  a n d  a  k e y  p l a y e r  i n  A s i a 

f e a t u r i n g  t h e  w o r l d ’s  s e c o n d -

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

w o r l d .  I n  2 0 0 8 ,  i t s  m a r i n e  a n d 

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

increased by 18.8  bi l l ion dol lars 

a n d  e m p l o y e d  7 0 , 0 0 0  w o r k e r s 

( E c o n o m i c  D e v e l o p m e n t  B o a r d 

2 0 1 0 ) .  C h a n g i  A i r p o r t  i s  t h e 

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

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

d e v e l o p e d  s o l i d  e x p e r t i s e  i n 

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

one in  As ia  today.  Research and 

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

l e ve l  i n  t h e  co n t i n e n t  w i t h  t wo 

o f  t h e  g r e a t e s t  u n i v e r s i t i e s  i n 

As i a :  t h e  N at i o n a l  U n i ve r s i t y  o f 

S i n g a p o r e  ( N U S )  a n d  N a n y a n g 

Technological  Univers i t y  (NTU) .

T h e  c o u n t r y ’s  i n d u s t r i a l  a c t i v -

i t y  i s  m a i n l y  l o c a te d  o n  J u ro n g 

Island,  an ar t i f icial  is land created 

i n  t h e  2 0 0 0 s  i n  t h e  S o u t h  We s t 

of  the countr y.  Today,  th is  i s land 

ra n k s  a s  o n e  o f  t h e  to p  1 0  p e t-

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

w i t h  t h e  p r e s e n c e  o f  S h e l l , 

ExxonMobil,  Chevron, DupontTM, 

B A S F,  S u m i t o m o  C h e m i c a l s , 

M itsui  Chemicals ,  etc.  

Interact ive board at  the Singapore Ci ty Gal lery
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W a s t e  a n d  wat e r  m a n a g m e n t

A  f e w  k i l o m e t e r s  a w a y  f r o m 

J u r o n g  I s l a n d ,  a n o t h e r  i s l a n d 

c a l l e d  S e m a k a u  r e c o v e r s 

S i n g a p o r e’s  w a s t e .  5 7 %  o f  t h e 

countr y ’s  waste  is  rec ycled,  and 

41% is  inc inerated in  4  di f ferent 

i n c i n e r a t o r s  t h a t  p r o d u c e  3 % 

o f  S i n g a p o r e’s  t o t a l  e l e c t r i c i t y 

d e m a n d .  T h e  g o v e r n m e n t  a i m s 

t o  r e c y c l e  7 0 %  o f  i t s  w a s t e  b y 

2030.  Incinerator ashes are taken 

to  Semak au landf i l l .  

Wa t e r  s u p p l y  i s  a  r e a l  i s s u e  i n 

Singapore as the countr y impor ts 

most  of  i ts  needs f rom Malays ia . 

However,  the countr y is  develop-

ing desal inizat ion plants  to treat 

seawater  and other  processes  to 

rec ycle  sewage water  into dr ink-

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

t y p e  a r e  c u r r e n t l y  r u n n i n g  i n 

S ingapore,  providing 30% of  the 

countr y ’s  water  demand. 

U n d e r g r o u n d :  a  p e r f e c t  s o l u t i o n

S i n g a p o r e ’s  u n d e r g r o u n d  i s 

e x p l o i t e d  d o w n  t o  1 5 0  m e t e r s . 

Each level  has  a  speci f ic  use :

• 	 B e t w e e n  1  a n d  3 m ,  t h e  g a s 

a n d  s e w a g e  n e t w o r k s  a r e 

located,  and a lso pedestr ian 

tunnels .

• 	 B e t w e e n  5  a n d  1 0 m ,  t h e 

Co m m o n  S e r v i c e s  Tu n n e l  a t 

Marina Bay area can be found 

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

l ines  and other  ut i l i t ies

• 	 B e t w e e n  1 5  a n d  2 0 m ,  t h e 

s u b w a y  s y s t e m  o p e r a t e s 

used by more than 2  mi l l ion 

people.

• 	 B e t w e e n  2 0  a n d  6 0 m ,  d e e p 

w a s te  a n d  s e w a g e  n e t wo r k s 

cover  48k m.

• 	 At 150m,  l ie  the Jurong Rock 

C a r v e r n s  f e a t u r i n g  n i n e 

3 4 0 m - l o n g  s t o r a g e  c a v e r n s 

with 9  levels  stor ing mi l i tar y 

munit ions  .

W h at  a b o u t  S i n g a p o r e ’ s  p o l i t i c a l 

m o d e l ?

This description gives the impres-

s ion that  S ingapore  is  a  per fec t 

c i t y  a n d  a  u n i q u e  d e ve l o p m e n t 

model  in many aspects.  However, 

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

t h e  S i n g a p o re  C i t y  G a l l e r y,  a n d 

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

same People’s  Ac t ion Par t y  (PAP) 

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

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

independence… 

Nal in i  GASCON

One of the several  rooms at  the Singapore Ci ty Gal lery wi th interat ive maps
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BeeBryte: Energy Intelligence to optimize 
electricity uses and create value from flexibilities 

O n  t h e  t h i r d  m o r n i n g  o f  o u r 

t r i p ,  w e  v i s i t e d  t h e  F r e n c h -

S i n g a p o r e a n  s t a r t - u p  c o m p a ny 

BeeBr yte,  represented by E lodie 

Hecq,  sa les  engineer. 

Ms Hecq presented the produc ts 

and ser v ices  sold  by BeeBr yte  in 

the “Energy I ntel l igence” sec tor, 

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

and industr y. 

W h at  i s  B e e B r y t e  ?

B e e B r y t e  i s  a  Fr e n c h  s t a r t - u p 

company incubated in Singapore: 

i t  i s  t h e  fo u r t h  p ro j e c t  c re a t e d 

by a  duo of  engineers  f rom one 

o f  t h e  t o p  Fr e n c h  e n g i n e e r i n g 

schools,  Polytechnique.  I t  i s  a lso 

their  f i rst  technical  project,  s ince 

the  f i r s t  t hree  were  su sta ina ble 

investments funds.  What is  more, 

the company is  mult inat ional :  in 

addition to its  Singaporean head-

q u a r t e r s ,  w h i c h  e m p l oys  1  t o  2 

f u l l - t i m e - e q u i v a l e n t  e n g i n e e r s 

( a b o u t  t e n  a r e  e x p e c t e d  t o  b e 

hired within the next few weeks!) , 

BeeBr yte  has  created a  research 

centre in  Lyon (France) ,  compris -

i n g  a  d oze n  s t a f f.  Th e  co m p a ny 

makes its  income from a percent-

a g e  o f  t h e  s av i n g s  i t  g e n e r a te s 

for  i ts  customers. 

H o w  d o e s  B e e B r y t e  c r e at e  va lu e  ?

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

machine - learning and data  ana-

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

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

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

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

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

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

that  measure  energy systems in 

r e a l - t i m e .  T h e y  a l l o w  B e e B r y t e 

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

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

t ion levels ,  and even ant ic ipate 

them thanks  to  predic t ive  anal -

ys is .  I f  necessar y,  depending on 

the commercial  option chosen by 

the customer,  BeeBr yte  can even 

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

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

value f rom f lex ibi l i t ies.  

The highest  level  of  ser v ice  that 

B eeBr yte  of fers  customers  i s  i t s 

H i v e  S u p p l y  o p t i o n ,  b y  w h i c h 

B e e B r y t e  o p e r a t e s  a s  a n  e l e c -

t r i c i t y  s u p p l i e r.  I n  t h i s  c o n f i g -

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

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

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

To do so,  BeeBr yte  opt imizes  i ts 

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

a g g r e g a t e d  g r o u p  o f  c u s t o m -

ers  to  avoid buying e lec tr ic i t y  at 

Commercial  offers of  BeeBright
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OSE students wi th Élodie Hecq
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peak hours,  when it  is  expensive. 

B e e B r y t e  e ve n  s e l l s  t h e s e  “c u r -

tai lment blocks” during the peaks 

to  g a i n  m o n e y,  w h i c h  s e r ve s  to 

b r i n g  d o w n  t h e  m e a n  p r i c e  i n 

general.  As a result ,  BeeBr yte can 

offer  i ts  customers  a  lower  pr ice. 

I n  f inancia l  ter ms,  the  company 

buys its  electr icity on the futures 

m a r k e t ,  w h i c h  i s  c h e a p e r  t h a n 

t h e  s p o t  m a r k e t ,  a n d  cove r s  i t s 

r i s k  by  u s i n g  i t s  c u r t a i l m e n t  o r 

s t i m u l a t i o n  c a p a c i t i e s  ( k n o w n 

as  “ load-shi f t ing”) ,  a  system that 

BeeBr yte masters  wel l  ( thanks to 

the H ive Optimal  opt ion) .

Q u e s t i o n s  a n d  a n s w e r s  w i t h 

E lo d i e  H e c q 

Can the IT in the business ter tiar y 

sector contribute to f lexibi l it ies ?

U n fo r t u n a t e l y,  t h a t  i s  s t i l l  ve r y 

d i f f i c u l t :  t h e  s o f t w a re  i n te r f a c -

i n g  i s  e x t re m e l y  h a rd  to  s e t  u p 

to  control  these systems.  I n  the 

real  wor ld,  sof tware architec ture 

c a n  b e  ve r y  d i f fe re n t  f ro m  o n e 

computer  to another,  even in the 

same IT  pool .  As  i t  i s  impossible 

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

co s t s  i n c re a s e  d ra m at i c a l l y  a n d 

so the project is  never profitable.  

Do you think  i t  would be poss i-

b l e  to  a d a p t  t h e  co s t  o p t i m i z a -

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

s ions  cr i ter ia  ?

I n  fa c t ,  w hen pr ices  are  h igh in 

t h e  m a r k e t ,  i t ’s  b e c a u s e  s o m e 

p o w e r  p l a n t s  h a v e  t o  s t a r t  u p 

and operate to cover the demand 

p e a k .  Th e s e  a re  m a i n l y  c a r b o n -

intensive plants,  so  in  a  way the 

cost  optimization already tack les 

the carbon emiss ions  issue.

W h a t  d o  y o u  t h i n k  a b o u t  t h e 

p o t e n t i a l  c o m p e t i t i o n  b e t we e n 

y o u  a n d  g i a n t s  l i k e  S c h n e i d e r 

E l e c t r i c s  w h i c h  a l re a d y  p rov i d e 

energy ser v ices  ? 

A l t h o u g h  c o m p e t i t i o n  s e e m s 

o b v i o u s ,  i n  f a c t  t h e s e  t y p e s  o f 

c o m p a ny,  i . e .  m o r e  fo c u s e d  o n 

h a r d w a r e  t h a n  s o f t w a r e ,  a r e 

less  ef f ic ient  and less  prof i table 

when it  comes to energy ser vices, 

which require  a  layer  of  sof tware 

intel l igence.

A l l  o f  t h e  O S E  m a s t e r ’s  s t u -

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

E l o d i e  H e c q  a n d  B e e B r y t e  f o r 

w e l c o m i n g  u s ,  p r e s e n t i n g 

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

a n d  a n s w e r i n g  o u r  q u e s t i o n s . 

Romain SAINT-L É GER



Total lubricants Singapour : the wold’s largest 
lubricant plant

I n  2 0 1 5 ,  To t a l  b u i l t  t h e  b i g g e s t 

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

w h i c h  e m p l o y s  4 2 5  p e o p l e . 

With a  produc t ion of  more than 

310,000 tons a day,  the plant con-

solidates TOTAL’s foothold in Asia 

, w h e re  t h e  gro u p  a l re a d y  h o l d s 

25% of  the market  shares.  After  a 

br ief  introduction of  the security 

r u l e s ,  M .  K o k  C h oy  N G ,  h e a d  o f 

the marine logist ics  depar tment, 

took us  on a  tour  of  the fac i l i t ies 

to see the entire production l ine.

The choice of Singapore is fur ther 

p r o o f  o f  To t a l ’s  c o m m i t m e n t 

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

a n d  o p t i m i z a t i o n .  Acco rd i n g  to 

M.   Kok Choy NG,  the strength of 

t h i s  p l a n t  l i e s  i n  i t s  f u l l y  a u t o -

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

which we were able  to  see,  f rom 

the loading faci l i t y  to  the blend-

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

r e c i p e  i s  i n  f a c t  f a i r l y  s i m p l e : 

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

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

a d d i t i v e s  d e p e n d i n g  o n  t h e 

i n te n d e d  u s e  ( m a r i n e  o i l ,  a u to -

m o b i l e s ,  c o n s t r u c t i o n  t r u c k s 

etc. ) .  Robots,  automated fork l i f t 

t r u c k s  a n d  c o n t ro l  s y s t e m s  c a n 

b e  f o u n d  a l l  o v e r  t h e  f a c t o r y. 

As  the l ine  operates  on i ts  own, 

the workers  and technic ians  just 

s e e m  to  c a re f u l l y  watc h  o u t  fo r 

incidents  f rom the control  room. 

The plant ’s  ver y  str ic t  standards 

have earned i t  top cer t i f icat ions 

( ISO 9001,  14001 and 18001)  and 

seen i t  quadruple  i ts  produc t ion 

ratio compared to faci l it ies of  the 

same t ype.

P r o d u c t i v i t y  i s  n o t  t h e  s t a f f ’s 

o n l y  c o n c e r n .  To  e n s u r e  a  r e l i -

a b l e  b u s i n e s s  a n d  w i n  2 7  F 1 

Total ’s product ion s i te in Singapore © Total  Media
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c h a m p i o n s h i p s ,  TOTA L  h a d  n o 

c h o i c e  b u t  t o  g u a r a n t e e  t h e 

highest  qual i t y  of  i ts  lubr icants. 

I n  S i n g a p o re,  t h e  o i l  i s  d i re c t l y 

control led when it  comes out the 

blender.  Ever y single l i ter  of  f inal 

produc t  is  s tored in  buffer  tanks 

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

to  t h e  l a b o rato r y.  Th e  c h e m i s t s 

showed us  t ypical  tests ,  such as 

the composit ion,  v iscosity  or  the 

abi l i ty  of  the oi l  to separate from 

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

not iced,  the whole  buffer  tank is 

sent  back to  the star t  of  the l ine 

t o  b e  d i l u t e d  a n d  r e - b l e n d e d .  

L a s t l y ,  w e  v i s i t e d  t h e  s t o r a g e 

f a c i l i t y,  w h e r e  t h e  s a m p l e s  a re 

kept  fo r  o ne year  for  cu stome r-

ser vices  purposes.

A l t h o u g h  t h e  c h a l l e n g e  o f 

running such an eff ic ient  fac tor y 

mainly involves the management 

a n d  l o g i s t i c s ,  e n e rg y  s t i l l  p l ays 

a n  i m p o r t a n t  ro l e  i n  i t s  p e r fo r -

m a n c e .   T h e  a m b i e n t  t e m p e r a -

ture al lowed the designer to save 

on an expensive heat ing system 

t o  m a i n t a i n  t h e  o i l ’s  v i s c o s i t y. 

Pr ices  of  crude oi l  a lso  inf luence 

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

p re fe r  to  a nt i c i p ate  h i g h  p r i ce s 

and overbuy as  soon as  the pr ice 

r i s e s  s l i g h t l y.   F i n a l l y,  d e s p i t e 

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

m a k e  t h e  p l a n t  h i g h l y  v u l n e r a -

b l e  t o  p owe r  c u t s ,  t h e  e x t re m e 

stabi l i t y  of  the S ingaporean gr id 

al lows the fac tor y to run without 

a  back-up generator. 

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

opt imal  levels  in  terms of  work-

fo rc e ,  M .  K o k  C h o y  N G  t o l d  u s . 

However,  the staf f  s t i l l  works  in 

2  sh i f ts  a  day,  which  a l lows  the 

management to increase ac t iv ity 

in the case of  a dramatic increase 

in  demand.

A l l  o f  t h e  O S E  M a s t e r ’s  s t u -

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

M.  Kok Choy NG,  See -Beng TANG, 

Ivan LO H and Ana CO S CO L LU E L A 

fo r  t h e i r  w a r m  w e l c o m e  a t  t h e 

Total  Lubr icant  fac tor y.

Louis  POLLEUX

Class photo wi th M. Kok Choy NG
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Air Liquide, an optimization model turned 
towards the financial world ?

We were welcomed at  Air  Liquide 

S i n g a p o r e  ( A L S )  b y  M r.  Fe r r e o l 

De La  Tul laye,  who has  been Air 

L iquide’s  energy manager in Asia 

for  over  10 years.  ALS is  an Asian 

cluster of  the group comprising 8 

countr ies,  and the leading indus-

t r i a l  g a s  c o m p a ny  i n  S o u t h e a s t 

A s i a .  I t  e m p l o y s  n e a r l y  8 0 0 

p e o p l e ,  r e c o g n i z e d  f o r  t h e i r 

h i g h  l e v e l  o f  e x p e r t i s e  i n  s u p -

plying gases such as ox ygen (O 2) , 

n i t rogen (N 2) ,  hydrogen (H 2)  and 

carbon monoxide (CO).  ALS offers 

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

industr ies  such as  Jurong Is land 

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

m o r e  t h a n  2 8 0  m i l l i o n  e u r o  i n 

recent  years.  The company ’s  pre -

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

t ic  market ing v ideo of  the Smar t 

I n n o v a t i o n  p r o g r a m  i n  K u a l a 

Lu m p u r.  I t  h i g h l i g h t e d  t e c h n o -

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

o f  i n d u s t r i a l  o p t i m i z a t i o n  f ro m 

a  t e c h n i c a l  p o i n t  o f  v i e w,  w i t h 

the use of  “Google Glass” or  even 

touch tablets  in  order  to  better 

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

t ions  and improve the organiza-

t ion  o f  predi c t i ve  ma intena nce. 

H owe ve r,  we  q u i c k l y  m ove d  o n 

to the second par t,  f inancial  opti-

mization,  and in par ticular  sourc-

i n g  a n d  r i s k s  re l a t e d  t o  e n e rg y 

m a r k e t s .  I n d e e d,  e n e r g y  re p re -

sents  near ly  85% of  Air  L iquide’s 

costs,  inc luding 27 T Wh of  e lec-

t r i c i t y  a n d  9 2  T W h  o f  n a t u r a l 

gas.  By  way of  compar ison,  staf f 

costs  represent  only  2% to 3% of 

total  costs.  This  energy is  mainly 

e m p l o y e d  i n  t h e  m a n u f a c t u r -

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

g a s e s  p ro d u c e d.  E l e c t r i c i t y,  fo r 

example is  used in  the compres-

sors  of  the cool ing units  to lower 

the temperature  of  the gases  in 

o r d e r  t o  l i q u e f y  t h e m ,  a n d  i n 

the steam crack ing processes  to 

ex trac t  hydrogen f rom methane 

and nit rogen f rom the a i r.  S ince 

the cessation of oi l  impor ts (35%) 

i n  f avo r  o f  1 0 0 %  n a t u r a l  g a s  a s 

a  raw mater ia l ,  a  s t rong depen-

d e n c e  o n  e n e r g y  p r i c e s  h a s 

e m e r g e d .  T h e  p r i c e  o f  e n e r g y 

d e p e n d s  o n  m a n y  p a r a m e t e r s 

such as  subscr ipt ions,  the mole -

cule,  t ranspor t  taxes,  balancing, 

r isks  and f lexibi l i ty.  For  example, 

a  50% increase  in  energy pr ices 

wo u l d  c o s t  m o re  t h a n  3  b i l l i o n 

e u ro  fo r  a  m a rgi n  o f  1 . 6  b i l l i o n 

e u ro.  I t  i s  c l e a r  t h a t  we  s h o u l d 

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

of  purchase cost  but  in  terms of 

margin generated.  However,  par t 

o f  A i r  L i q u i d e’s  b u s i n e s s  m o d e l 

i s  based on transferr ing var iable 

c o s t s  t o  c o n s u m e r s  i n  o rd e r  t o 

better  stabi l ize  i ts  margin .

To stabi l ize  Air  L iquide’s  margin , 

M r.  D e  L a  Tu l l a ye  p re s e n t e d  u s 

with 5  methods based on f inan-

c i a l  e n e r g y  o p t i m i z a t i o n .  T h e 

f i rst  employs  “ load shi f t ing” and 

“p e a k  s h a v i n g” m e c h a n i s m s  t o 

benef i t  f rom advantageous spot 

pr ices  by shi f t ing produc t ion to 

the night  or  by  opt imiz ing sub -

s c r i b e d  c a p a c i t y .  A  f e e d s t o c k 

o p t i o n  c a n  b e  a  w a y  o f  c h o o s -

i n g  t h e  b e s t  p r i m a r y  e n e r g y 

source,  such as between naphtha 

a n d  n at u ra l  g a s ,  b a s e d  o n  b o t h 

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

i n  t h e  p r o c e s s  c o n c e r n e d .  T h e 

n e x t  m e t h o d  i n v o l v e s  a  t r a d e -

off  bet ween sel f -produc t ion and 

subcontracting,  in which case the 

production load must be reduced, 

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

yield,  in order to integrate hydro-

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

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

a s  a n  e x te r n a l i t y  a n d  s e l l s  i t  a t 

a  re d u c e d  p r i c e .  A  t h re s h o l d  i s 

t h u s  e s t a b l i s h e d  b e l o w  w h i c h 

t h e  s y s t e m  i s  n o  l o n g e r  p ro f i t -

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

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

g a s  d e l i v e r y  m e t h o d ,  b e t w e e n 

pipel ine and LNG (Liquid Natural 

G a s ) ,  r e s p e c t i v e l y  i n d e x e d  t o 

H S F O   a n d  B r e n t   p r i c e s .  T h i s 

k ind of  choice can a lso be made 

for  electr ic ity,  choosing between 

t h e  s p o t  m a r k e t  a n d  t h e  p owe r 

rate.  I f  you  co n s um e  m o re  t h a n 

expec ted,  you pay the di f ference 

at  the spot  pr ice,  i f  you consume 

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

energy at  the spot pr ice.  An opti -

mizat ion of  the mechanism thus 

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

c o n s u m p t i o n  d u r i n g  t h e  d ay  i n 

order to resell  the excess produc-

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

day and v ice  versa  (see f igure  1 

below) .

F i n a l l y ,  t h e  l a s t  l e v e r,  c a l l e d 

“d e m a n d  r e s p o n s e ”,  u s e s  t h e 

m a r k e t ’s  c a p a c i t y  o r  s p o t  p r i c e 

reduction mechanisms by playing 

on the produc t ion switch’s  l imit 

zones,  as  shown in  the  d iagram 

b e l o w  ( f i g u r e  2 ) ,  g i v e n  a s  a n 

e x a m p l e  b y  M r.  D e  L a  Tu l l a y e . 

T h e  g a i n s  a r e  t h e n  s p l i t  5 0 - 5 0 

b e t w e e n  t h e  c u s t o m e r s  a n d 

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

cur ta i lment .

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

these di f ferent  levers  for  ac t ion, 

a question came to mind: How are 

t h e  g a i n s  s p l i t  b e t we e n  te c h n i -

cal  process  energy improvement 

ac t ions  and those result ing f rom 

t h e  f i n a n c i a l  o p t i m i z a t i o n  o f 

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

c h a s e s ?  T h e  a n s w e r  i s  c l e a r , 

a c c o rd i n g  t o  M r.  D e  L a  Tu l l aye : 

over the last  year,  energy savings 

f rom f inancial  optimizat ion were 

3 times greater than the technical 

gains on processes.  He explained 

that  produc tion systems are now 

well  established and that it  is  dif -

f i c u l t  t o  m a k e  e ve n  1 %  s av i n g s 

with returns on investments  that 

span several  years,  unl ike  f inan-

c i a l  o p t i m i z a t i o n .  T h i s  r a i s e s 

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

nica l  improvement  st i l l  has  rea l 

v a l u e .  I t  i s  c l e a r  t h a t  fo r  c o m -

panies  as  big  as  Air  L iquide and 

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

only  the pr ice  of  carbon tax  wi l l 

have a  real  impac t  on the desi re 

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

w h i c h  i s  d i r e c t l y  l i n k e d  t o  CO 2 

emiss ions.

W e  t h a n k  M r.  F e r r e o l  D e  L a 

Tul laye,  for  his  welcome and pre -

s e n t a t i o n ,  w h i c h  a l l o we d  u s  t o 

approach an optimizat ion model 

f ro m  a  d i f fe re n t  a n g l e  t h a n  we 

had seen up unti l  then during our 

S ingapore t ravels .

Axel  FELIZOT

Contractual  arbi t rat ion curves on electr ic i ty © Air  L iquide

I N F ’ O S E  |  M a r c h  2 0 1 8

27DAY  4



Engie Lab: visit of the SPORE microgrid site on 
the island of Semakau 

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

w a s  d e v o t e d  t o  t h e  S P O R E 

( S u s t a i n a b l e  Po w e r i n g  o f  O f f -

g r i d  R e g i o n s )  m i c r o g r i d .  T h i s 

projec t  i s  par t  of  the Renewable 

Energy Integration Demonstrator 

i n  S i n g a p o r e  ( R E I D S )  i n i t i a t i v e 

developed at the Semakau landfil l 

by  NTU (Nanyang Technologica l 

Univers i t y)  in  col laborat ion with 

t w o  i n t e r n a t i o n a l  Fr e n c h  c o m -

p a n i e s ,  E n g i e  a n d  S c h n e i d e r -

E l e c t r i c .  O n  o u r  j o u r n e y  t o 

Semak au,  we were accompanied 

by the Engie  Lab team:  Zen Tan, 

N at a c h a  B u n e l ,  Pa u l  D u p o nt  D e 

D i n e c h i n  a n d  Vi c to r  C h a p o t a rd, 

a s  we l l  a s  Ta n  C h o o n  H o c k  re p -

resent ing NTU.  We v is i ted a  pi lot 

projec t  featur ing an R  & D dem-

o n s t r a t o r  fo r  hyd ro g e n  s t o r a g e 

in microgr ids,  the f i rst  of  i ts  k ind 

i n  S o u t h e a s t  A s i a ,  a n d  w h i c h 

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

s i n c e  o u r  p r o m o t i o n’s  t o p i c  i s 

hydrogen. 

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

m i c r o g r i d  p r o j e c t  ?

Natacha expla ined that  the idea 

b e yo n d  t h i s  p ro j e c t  wa s  m a i n l y 

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

o f  p e o p l e  i n  t h e  w o r l d  l i v i n g 

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

i s lands  who do not  have  access 

to  a  re l iable  e lec tr ic i t y  gr id.  The 

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

a  su sta inabl e  response  in  these 

n o n - i n t e r c o n n e c t e d  z o n e s .  T h e 

a im of  this  projec t  i s  to  provide 

a  solut ion integrat ing renewable 

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

could be tested on Semak au for 

later deployment in other islands, 

sites,  remote vil lages,  resorts,  etc. 

in Southeast Asia.  Alongside NTU, 

E n g i e  a n d  S c h n e i d e r - E l e c t r i c , 

w h i c h  a r e  w o r k i n g  c l o s e l y  o n 

t h e  S P O R E  m i c r o g r i d ,  s e v e r a l 

other  s takeholders  are  involved 

i n  t h e  p ro j e c t ,  s u c h  a s  t h e  N E A 

(Nat ional  Envi ronment  Agenc y) , 

E c o n o m i c  D e v e l o p m e n t  B o a r d 

( E D B ) ,  E n e rg y  M a r k e t  Au t h o r i t y 

(EMA)  and the Nat ional  Research 

Fund (NRF)  of  S ingapore.

O n e  o f  t h e  m a i n  g o a l s  o f  t h i s 

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

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

s o l u t i o n s  e l a b o r a t e d  b y  E n g i e 

and Schneider-Electr ic  by testing 

them on a  prac t ical  case that  f i ts 

i n t o  t h e  c o n t e x t  o f  S o u t h e a s t 

As i a’s  t ro p i c a l  c l i m a te.  N a t a c h a 

p o i n t e d  o u t  t h a t  t h e  h u m i d i t y 

level  in Singapore (84%) could be 

a challenge for wind turbines and 

var ious  e lec tr ica l  components.

T h e  p r o j e c t ’s  f i r s t  i n s t a l l a t i o n 

p h a s e  w a s  a c h i e ve d  i n  O c to b e r 

2017.  Zen Tan,  a member of  Engie 

L a b,  m e n t i o n e d  t h e  r e g u l a t o r y 

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

to  the  insta l l at ion  and commis-

s i o n i n g  o n  s i t e .  T h e s e  i n v o l v e 

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

f i l e s  to  t h e  re l e v a n t  co m p e te n t 

S ingaporean author i t ies,  namely 

t h e  N E A  ( N a t i o n a l  E nv i ro n m e n t 

Ag e n c y )  a n d  t h e  B C A  ( B u i l d i n g 

and Construc t ion Author it y) .  Ms. 

Tan also told us that  at  this  stage 

the objective is  to ensure that the 

microgr id  conforms to  the stan-

dards  in  force  in  S ingapore  and 

to  obtain  the necessar y  author i -

zat ions  for  i ts  commiss ioning by 

the third  quar ter  of  2018.

W h at  a r e  t h e  p r i n c i pa l  c o m p o -

n e n t s  o f  t h e  SPORE m i c r o g r i d ?

The SPORE microgr id  is  powered 

by a multif luid system: along with 

electr ic ity,  i ts  operation involves 

a  h y d r o g e n  s t o r a g e  s y s t e m .  A 
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Po w e r -To - Po w e r  s y s t e m  s t o r e s 

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

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

later  use,  or  for  refuel ing a  fuel 

ce l l  e lec t r i c  vehi c le ,  the  f i r s t  in 

S i n g a p o re .  T h i s  s y s t e m  i s  c o m -

posed of  an e lec trolyzer  and an 

HRS (Hydrogen Refueling Station) 

des igned to  ref i l l  one car  in  just 

5  minutes,  and up to  20 vehic les 

per  day. 

E n gi e  h a s  a l s o  i n s t a l l e d  p h o to -

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

f i rs t  and ta l lest  wind tur bine  in 

S i n g a p o r e .  T h e  3 2 - m e t e r  h i g h 

w i n d  t u r b i n e  h a s  a  c a p a c i t y  o f 

1 0 0 k W,  a n d  t h e  p h o t o v o l t a i c 

panels  are  of  t wo t ypes :  a  s tan-

d a rd  ve r s i o n  w i t h  a  c a p a c i t y  o f 

70 kW,  and a  P IPV system with a 

capacit y  of  7  kW.

Thanks to these installed features 

and to the innovative energy man-

agement solut ions developed by 

Engie and Schneider-Electr ic,  the 

SPORE microgrid wil l  enable high 

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

that  could reach 100%.

W h a t  a r e  h e  k e y  t e c h n o l o g i -

c a l  i n n o v a t i o n s  i n  t h e  SPORE     

m i c r o g r i d  ?

T h e  S P O R E  m i c r o g r i d  f e a t u r e s 

three major  technological  inno -

vat ions.  The main one is  Engie’s 

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

c o n t r i b u t e  t o  i m p r o v i n g  t h e 

m i c r o g r i d ’s  f l e x i b i l i t y .  A l o n g 

w i t h  i t s  e a s y  s to ra g e,  hyd ro g e n 

can also be used in var ious appli-

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

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

A  k e y  i n n o v a t i o n  i s  a l s o  t h e 

“ s m a r t  g r i d  f o r m i n g  i n v e r t -

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

S c h n e i d e r - E l e c t r i c .  I n  o r d e r  t o 

t a c k l e  t h e  m i c r o g r i d s ’s  p e r m a -

nent  technical  chal lenge of  gr id 

s t a b i l i t y,  S c h n e i d e r  E l e c t r i c  h a s 

d e s i g n e d  a n d  i m p l e m e n t e d  a n 

i n n ov a t i ve  s o l u t i o n  by  co m b i n -

i n g  “s m a r t  g r i d  fo r m i n g  i nve r t -

ers” with energy or power storage 

systems.  The solut ion is  devised 

to al low the system to boot “from 

scratch” or  to “black star t ” in case 

o f  a b s e n c e  o f  r o t a t i n g  e q u i p -

ment ,  such as  gensets  or  d iese l 

generators .  This  innovat ion wi l l 

enable  a  s igni f icant  penetrat ion 

o f  re n e wa b l e s  w i t h o u t  co m p ro -

mising the stabil ity of the system. 

In  addit ion,  the SPORE microgr id 

m a n a g e m e n t  s ys te m  i n c l u d e s  a 

PMS (Power Management System) 

for short-term storage and an EMS 

( E n e r g y  M a n a g e m e n t  S y s t e m ) 

f o r  m e d i u m - t e r m  s t o r a g e .

The PMS is  responsible for  ensur-

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

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

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

advantages of  the system are the 

opt imal  control  of  the microgr id 

i n  i s l a n d e d  m o d e  a s  w e l l  a s 

Photographie of  a part  of  the microgr id SPORE
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h i g h  r e n e w a b l e s  i n t e g r a t i o n .

The EMS operates  on a  monthly 

o r  m e d i u m - t e r m  b a s i s  i n  o r d e r 

to  fo re c a s t  e n e rg y  d e m a n d  a n d 

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

and af fordable  access  to  energy. 

The  system  a lso  mana ges  inter-

m i t t e n t  re n e w a b l e  e n e rg y  g e n -

erat ion due to changing weather 

patterns and the mult i - f luid con-

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

We would l ike  to  thank a l l  Engie 

L a b  S i n g a p o r e  t e a m  m e m b e r s 

f o r  t h e i r  w a r m  w e l c o m e ,  t h e i r 

s u p p o r t  t h a t  m a d e  t h i s  v i s i t 

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

their  readiness  to  answer  a l l  our 

q u e s t i o n s .  We  e s p e c i a l l y  t h a n k 

Zen Tan who guided us  through-

out  the v is i t ,  Natacha Bunel  who 

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

t h e  p r o j e c t  a n d  d e p i c t e d  t h e 

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

on the s i te,  and Paul  Dupont  De 

D i h e c h i n  a n d  Vi c t o r  C h a p o t a rd 

who i l lust rated the  main  ac t iv i-

t ies and projects implemented by 

Engie -Lab S ingapore.  O ur  war m 

t h a n k s  a l s o  g o  t o  Ta n  C h o o n 

H o c k ,  p r o j e c t  m a n a g e r  a t  N T U, 

who introduced us  to  the REIDS 

projec t  f rom NTU’s  point  of  v iew.

Emna BERK AOUI

& Dhek ra  BOUSNINA

Group photo wi th the Engie Team
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Immersion into Singapore’s maritime history at 
the Singapore Maritime Gallery

Fo r  o u r  l a s t  v i s i t ,  w e  w e n t  t o 

S i n g a p o r e  M a r i t i m e  G a l l e r y , 

w h e r e  o u r  g u i d e  A n t h o n y  t o l d 

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

stor y  of  the state,  f rom i ts  emer-

gence as  a  smal l  t rading por t  in 

the 14th centur y  to  later  devel -

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

become the leading global  mar-

i t i m e  h u b  i t  i s  t o d a y.  A n t h o n y 

guided us through the 3 sections 

of  the museum, respec tively  nar-

rat ing the past ,  the current  s i tu-

ation and the future prospects of 

S i n g a p o re’s  m a r i t i m e  a c t i v i t i e s . 

I n d e e d ,  t h e  e x p l o s i v e  g r o w t h 

e x p e r i e n c e d  b y  S i n g a p o r e  i n 

recent  decades  is  c losely  l inked 

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

Today, this sector accounts for 7% 

of  the nat ion’s  GDP and employs 

170,000 people both onshore and 

offshore.

H o w e v e r,  S i n g a p o r e’s  m a r i t i m e 

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

A r c h a e o l o g i c a l  s t u d i e s  h a v e 

shown that during the four teenth 

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

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

ships transited carr ying si lk ,  ivor y 

and cotton.  Events  then acceler-

ated from 1819 with the arr ival  of 

the Br i t ish  statesman Sir  Thomas 

S t a m fo rd  R a f f l e s ,  w h o  s e t  u p  a 

t rading post  for  the Br i t ish  East 

I ndia  Company.  This  por t  a imed 

a  c e n t r a l i z i n g  t r a d e  t r a n s i t i n g 

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

with the Dutch-controlled por t of 

Batavia in Indonesia.  The opening 

of  the Suez Canal  connecting the 

M e d i te r ra n e a n  S e a  a n d  t h e  R e d 

Sea in  1869,  and tax  exemptions 

for  goods  in  t rans i t ,  resul ted in 

s igni f icant  growth for  S ingapore 

d u r i n g  t h e  co l o n i a l  e ra ,  grow t h 

that continued after the countr y ’s 

independence.  Today,  because of 

i t s  s t r a te gi c  g e o gr a p h i c a l  p o s i -

t i o n  a t  t h e  c ro s s ro a d s  b e t we e n 

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

S i n g a p o re  i s  t h e  b u s i e s t  t r a n s-

shipment por t  on the globe.  This 

OSE Master ’s students l is tening to the guide’s explanat ions
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i s  of  par t icular  impor tance con-

s ider ing that  90% of  wor ld  t rade 

is  carr ied by sea ,  inc luding v i ta l 

commodities such as food and oil.

The main por t  i s  Jurong Harbor, 

l o c a t e d  o n  a n  i s l a n d  re c l a i m e d 

f r o m  t h e  s e a .  T h i s  h a r b o r 

a t t r a c t e d  m o r e  t h a n  1 2 , 0 0 0 

b o a t s  i n  2 0 1 6 .  J u ro n g  i s  a  p e t-

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

i m p o r t s  o f  o i l  ( f r o m  n e i g h b o r -

ing I ndonesia  in  par t icular )  and 

n a t u r a l  g a s  ( v i a  p i p e l i n e s  f ro m 

Malaysia) ,  and features refineries.

O n e  o f  t h e  k e y  i s s u e s  f o r 

S i n g a p o r e’s  m a r i t i m e  a c t i v i t i e s 

i s  t h e  re f u e l i n g  o f  s h i p s .  A b o u t 

1 , 0 0 0  b o a t s  a r e  p e r m a n e n t l y 

s t a t i o n e d  a l o n g  t h e  c o a s t .  Fu e l 

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

pipel ines  or  tankers.  Whi le  most 

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

t r a n s i t i o n  t o  L N G  s e e m s  t o  b e 

u nde r way to  reduce  the  car bon 

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

s e c t o r.  S i n g a p o r e  i s  e n c o u r a g -

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

b e  r e a d y  fo r  L N G  r e f u e l l i n g  b y 

2020.  Pipel ines  l ink ing Malays ia 

to Singapore already impor t  LNG 

t o  J u r o n g  I s l a n d ,  a n d  o n g o i n g 

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

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

t o r y  f r a m e w o r k ,  a s  L N G  r a i s e s 

new safet y  i ssues,  inc luding for 

instance i ts  high inf lammabil i ty  .

I n  order  to  ensure  the  accurac y 

and precis ion of  fuel  ref i l ls ,  mass 

f l ow  m e te r s  a re  u s e d.  Th i s  i s  o f 

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

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

so  that  even minor  inaccuracies 

in fuel  measurements can add up 

to  mi l l ions  of  dol lars .  Mass  f low 

meters al low the immediate mea-

surement of the bunker fuel quan-

t i t y  i nt ro d u ce d  i nto  a  s h i p,  a n d 

a re  m o re  a cc u r a te  t h a n  m a n u a l 

m e t h o d s .  S i n c e  J a n u a r y  2 0 1 7 , 

a l l  S ingapore tankers  have been 

e q u i p p e d  w i t h  t h i s  te c h n o l o g y.

W h a t  i s  m o re ,  S i n g a p o re  i s  t h e 

wo r l d ’s  l e a d i n g  p ro d u c e r  o f  o i l 

p l a t fo r m s,  i n  p a r t i c u l a r  j a c k- u p 

d r i l l i n g  r i g s ,  t h a n k s  t o  c o m p a -

n i e s  l i k e  S e m b c o r p  M a r i n e  a n d 

Keppe l .  For  instance,  the  photo 

b e l o w  s h o w s  a  m o d e l  o f  t h e 

We s t  E l a r a  j a c k - u p  r i g  b u i l t  i n 

S i n g a p o re  by  S e m b co r p  M a r i n e 

i n  2 0 1 1 .  T h i s  r i g  c a n  e n d u r e 

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

c i f i c  to  t h e  N o r t h  S e a ,  a n d  d r i l l 

down 10,000 m under the seabed, 

at  water  depths  reaching 150m. 

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

a te d  by  t h e  A m e r i c a n  co m p a ny 

ConocoPhi l l ips  in  the Nor th Sea.

To wrap things  up,  OSE students 

w o u l d  l i k e  t o  t h a n k  A n t h o n y, 

o u r  g u i d e  f o r  t h i s  v i s i t ,  w h o 

e n l i g h t e n e d  u s  o n  S i n g a p o r e’s 

h i s to r y,  a n d  g ave  u s  a  s e n s e  o f 

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

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

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

Chloé POTIER

The sel f - l i f t ing oi l  p lat form West Elara
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A c k n o w l e d g e m e n t s

I n  addit ion to  those mentioned throughout  this  account  of  our  t ravels ,  our  t r ip  would not  have taken 

place without  the help of  several  people  who were unable  to  be present  dur ing our  tour  or  who con-

tr ibuted to  sett ing up the contac ts  for  mak ing our  v is i ts  poss ible. 

Our  thanks  therefore  go to :

The French Embassy  in  S ingapore  for  i ts  numerous  contac ts  and for  our  exchanges,  especia l ly  with 

M r.  M ick aël  HOLLE and M r.  Phi l ippe CODOGNE T f rom the sc ient i f ic  and cooperat ion and univers i t ies 

depar tment. 

M r.  Roch Drozdowsk i-strehl ,  ass istant  di rec tor  of  the REIDS projec t  at  the Energy Research I nst i tute  @

NTU for  h is  advice  and for  putt ing us  in  contac t  with  NTU.

Ms.  Tan Mui  Koon and M r.  Muhammad Ar i feen Wahed f rom NUS for  organiz ing our  meet ing and the 

SERIS  v is i t ,  as  wel l  as  Ms.  Kesha Jane Dr ysdale  for  welcoming us  on the day of  our  v is i t .  

Prof.  Chan S iew H wa,  Ms.  Pei - Chen SU,  M r.  Ding O vi  L ian and Ms.  Maggie  Lee Suh Cya at  the Energy 

Research I nst i tute@NTU for  their  warm welcome and our  discuss ions  about  hydrogen.  

M r.  Al f redo Samper io  at  Schneider  E lec tr ic  for  a l lowing us  to  v is i t  microgr id  ac t iv i t ies  in  S ingapore. 

Mr.  Olivier  Chalvon-Demersay,  Mr.  Christ ian Cabrol  and Ms.  Ana Coscolluela at  Total  Marketing & Ser vices 

for  opening the doors  to  their  lubr icant  fac tor y.  

M r.  Bernard Dhainaut  f rom Air  L iquide for  fac i l i tat ing the presentat ion of  the group’s  energy ac t iv i -

t ies  in  S ingapore.  

Ms.  Carol ine Guyot  f rom Engie  Lab. ,  who a l lowed us  to  v is i t  Semak au Is land and for  her  contac ts.

Last  but  not  least ,  we would l ike  to  thank a l l  of  the Ecole  des  M ines  de Par is  a lumni  who honored us 

with their  presence on the Fr iday evening to  meet  the OSE Advanced Masters  students.

C o n ta c t s

French Embassy  in  S ingapore:  M r.  M ichaël  Hol lé,  M r.  Phi l ippe Codognet

SERIS  -  NUS:  Prof.  Armin Aber le,  M r.  Eddy Blok ken,  Ms.  Tan Mui  Koon

ERIN@NTU:  Prof.  Chan S iew Haw,  Ms.  Pei - Chen SU,  M r.  Ding O vi  L ian,  Ms.  Maggie  Lee Suh Chya

EDF Lab. :  M.  Maxime Cassat ,  M r.  Geoffrey  Or lando

SCHNEIDER ELEC TRIC:  M r.  Thomas Pol l iand,  M r.  Tushar  Menon,  M r.  Al f redo Samper io

BeeBr yte :  M me Elodie  Hecq

TOTAL:  M r.  Ol iv ier  Chalvon-Demersay,  M r.  Chr ist ian Cabrol ,  Ms.  Ana Coscol luela 

Air  L iquide:  M r.  Bernard Dhainaut ,  M r.  Ferreol  De La  Tul laye

Engie  Lab. :  Ms.  Carol ine Guyot
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Photographie de la promot ion 2017


