
CHAPTER I 
INTRODUCTION

R ecen tly , the  W o r ld  E ne rgy  O u tlo o k  (W E O ) p red ic ts  tha t under a business  
as usua l (B A U )  scenario , energy needs th rough  the  yea r 2030  w i l l  increase b y  60  
percen t w ith  the b u lk  o f  th is  g row th  to  occu r in  d e ve lo p ing  coun tr ie s . F oss il fue ls , 
a ccoun ting  fo r  85 pe rcen t o f  w o r ld  p r im a ry  dem and are fa c in g  energy secu rity  
p rob lem . M eanw h ile , renewab le  energy as a sm a lle r percen tage o f  to ta l energy  
con sum p tio n  w i l l  rem a in  la rg e ly  unchanged. M o reo ve r, the b u lk  o f  renew ab le  energy  
deve lopm en t to  date has o n ly  occu rred  in  in d u s tr ia l coun tr ie s  as i t  con tinues to  be 
com pa ra tiv e ly  expens ive  fo r  d e ve lo p ing  cou n tr ie s ’ needs 
('w w w .un .o rg /e sa /sus tdev /sd issues /ene rgv /op /be iiin g  re e g m /b e ijin g  re repo rt pd f) .

The  fastest g row in g  renewab le  energy te ch n o lo g y  in  the w o r ld  has been  
g rid -connec ted  so la r p h o to vo lta ic  (P V ) ce ll, fo llo w e d  b y  w in d  p ow e r, b iod ie se l, so la r 
ho t w a te r/h ea ting , o f f - g r id  so la r P V , geotherm a l heat capac ity , and e thano l. O the r  
renew ab le  ene rgy  p ow e r genera tion  techno log ies , in c lu d in g  b iom ass, geo the rm a l, 
and sm a ll h yd roene rg y , are m ore m a tu re  and g row in g  m ore  s lo w ly  at s im ila r  rates. I t  
is im po rta n t to  no te  tha t tra d it io n a l fo rm s  o f  b iom ass used are o fte n  no t susta inable , 
w h ile  the  m o re  susta inab le  and e n v iro nm en ta lly  sound -m anne r energy is needed. 
H ow eve r, fo r  m any  de ve lo p ing  coun tr ie s , P V  system  is  s t i l l  an expens ive  te chno lo g y  
so lu tio n , b e in g  o n ly  a ffo rd ab le  w hen  no o the r s o lu tio n  is a va ila b le , such as in  rem ote  
areas (w w w .un .o rg /e sa /su s tde v /sd is sues /ene rg y /op /be ijin g_ re_egm /be ijin g_ re_ repo rt 
_pd f.) .

S o la r ce lls , a lso ca lled  P V  ce lls  b y  sc ien tis ts , co n ve rt s u n lig h t d ire c t ly  in to  
e le c tr ic ity . P V  gets its  name fro m  the process o f  c o n ve rt in g  l ig h t (pho tons ) to  
e le c tr ic ity  (vo lta ge ), w h ic h  is ca lled  the P V  e f f e c t .  T ra d it io n a l so la r ce lls  are m ade  
fro m  s ilic o n . S econd -genera tion  so la r ce lls  are ca lle d  th in - f i lm  so la r ce lls . T h in - f i lm  
so la r c e lls  use laye rs o f  sem iconduc to r m a te ria ls  w ith  o n ly  a fe w  m ic rom e te rs  
th ickness, and are made from  am orphous s ilic o n  o r n o n s ilic o n  m a te ria ls , such as 
cadm ium  te llu r id e . T h ird -g en e ra tio n  so la r ce lls  are made fro m  a va r ie ty  o f  new  
m ate ria ls  besides s ilic o n , in c lu d in g  so la r in ks u s in g  con ven tio n a l p r in t in g  press
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te chno log ies , so la r dyes, and conduc tive  p las tics  (w w w .n re l.g o v /le am in g /re _  
ph o to vo lta ic s .h tm l.) .

A  dye -sens itized  so la r c e ll (DSSC , D S C , o r D Y S C ) be longs to  the g roup o f  
th ird -g e n e ra tio n  so la r ce lls  and is e x trem e ly  p rom is in g  because i t  is made o f  low -cos t 
m a te ria ls  and does no t need e labora te  apparatus to  m anu fac tu re . I t  can be engineered  
in to  f le x ib le  and w o rk  even in  lo w - lig h t c o n d it io n s  (c lo u d y  skies and non -d irec t 
su n lig h t) , w h ic h  is cu rre n tly  p roposed fo r  in d o o r use b y  c o lle c tin g  energy fro m  the 
l ig h ts  fo r  sm a ll dev ices in  the house. A lth o u g h  its  conve rs io n  e ff ic ie n c y  is  less than  
the best th in - f i lm  ce lls , its  p rice -pe rfo rm ance  ra tio  (k W h /(m 2-annum -do lla r)) should  
be h ig h  enough to  a llo w  them  to  com pete w ith  fo s s il fu e l e le c tr ic a l gene ra tion  (g rid  
p a r ity )  (e n .w ik ip e d ia .o rg /w ik i/ D ye -en s itiz ed_ so la r_ ce ll# c ite _no te -1 0 ; G ra tze l, 
2001).

Severa l researches have been a ttem p tin g  to in co rpo ra te  o the r m a te ria ls  
w h ic h  are w ide -band  gap sem iconducto rs o r in su la to rs  to  fo rm  com pos ites w ith  m a in  
n -type  sem iconduc to r in  o rde r to  enhance c e ll pe rfo rm ance  b y  suppress ion o f  
e le c tron  re com b ina tion . T h is  b r in g s  US to  a m a te r ia l fro m  na tu re  w h ic h  is b e n t o n i t e  

c la y .  Besides its  w ide -band  gap and in su la tio n  p rope rtie s , h ig h  aspect ra tio  up to

2 ,000 is its  supe rio r cha rac te ris tic  to  p e rfo rm  dua l fu n c tio n s ; l ig h t  sca tte ring  center 
(s ize  ~  100-400 nm ) and energy b a rr ie r (s ize <  10 n m ) (Lee  e t  a l . ,  2006a).

The re fo re , th is  s tudy has been focused on an in ve s tig a t io n  o f  m o re  cost- 
e ffe c t iv e  and m ore  e n v iro nm en ta lly  fr ie n d ly  D SSC  devices. A n  ind igenous natura l 
c la y  in  T ha ila n d , i.e . ben ton ite , has been app lie d  fo r  m a k in g  T i 0 2/ben ton ite  

e lec trodes and im p ro v in g  e le c tro ly te  s ta b ility . In  a d d itio n , ex tra c ted  na tu ra l dyes, i.e. 
red cabbage, rose lla , and b lue  pea dyes, have been em p lo yed  as sens itize rs fo r  the 
DSSCs. The in flu ences  o f  c la y  in  pho toanode f i lm s  as w e ll as in  ge l e le c tro ly te  on 
p h o to v o lta ic  p rope rtie s  were revea led . The ce ll s ta b ility  o f  ge l e le c tro ly te s  o f  C T A B -  
ben ton ite  and la pon ite  under รนท s im u la to r was tested. In  a d d itio n , ge l e lec tro ly te  
prepared fro m  p o lym e th y l a c ry la te /ben ton ite  ae roge l com pos ite s w ere  inves tiga ted  in  
te rm s o f  rh eo lo g ica l p rope rties and d if fu s io n  c o n d u c t iv ity  in  o rde r to  search fo r  an 
app rop ria te  gel w h ic h  cou ld  be app lie d  in  the c e ll ea s ily  and rende r the h ig h  DSSC  
pe rfo rm ance .
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