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WHAT ARE SOME OF THE UPCOMING PV
MODULE TECHNOLOGY INNOVATIONS
THAT WILL BRING DOWN THE SOLAR
COSTS IN THE COMING DECADE?
In  the  2020s ,  solar  module  costs  wi l l  cont inue  to  fa l l ,  albei t  at  a  much  s lower  ra te .  Ins tead,  improvement  in  module  ef f ic iency  and  power

class  wi l l  propel  the  decl in ing  capex  t rend  forward  and  ul t imate ly  lower  the  solar  leve l ised  cost  of  energy  (LCOE ) ,  new  research  f rom

Wood  Mackenzie  found.  Wood  Mackenzie  examined  three  technologies  that  have  the  potent ia l  to  improve  solar  module  power  class  and

per formance:  la rge  wafer ,  n - type  cel ls ,  and  cel l -  and  module - leve l  techniques .  Module  technology  innovat ions ,  in  addi t ion  to  hardware

cost  reduct ion ,  wi l l  be  the  quintessent ia l  dr iv ing  force  that  propels  the  cont inuous  reduct ion  of  solar  LCOE  in  the  new  decade,  le t ’s  f ind

out  more

PERSPECTIVE

Solar  PV  has  been  one  of  the  pioneer ing  renewable  technologies

for  more  than  a  decade  and  i s  turn ing  out  to  be  an  envi ronmenta l

sav ior .  The  var ious  technologica l  changes  in  Solar  PV  modules

has  resul ted  in  s igni f icant  cost  reduct ion  in  capi ta l  cost  of  set t ing

up  la rge  Solar  PV  Pro ject .  The  Technologica l  changes  in  module

technology  has  made  solar  power  af fordable  global ly  and  i s  going

to  become  the  cheapest  and  susta inable  source  of  energy .  In

recent  bidding  by  Solar  Energy  corporat ion  of  Ind ia  (SECI )  the

tar i f f  der ived  i s  INR  2 /Kwh.

The  to ta l  ins ta l led  capaci ty  of  solar  PV  reached  more  than  550  GW

global ly  (excluding  CSP )  by  the  end  of  2019,  represent ing  one  of

the  la rgest  renewable  energy  sources  global ly .

The  evolut ion  of  the  solar  PV  indust ry  so  fa r  has  been  remarkable ,

wi th  severa l  milestones  achieved  in  recent  years  in  terms  of

insta l la t ions  ( inc luding  of f -gr id ) ,  cost  reduct ions  and

technologica l  advancements ,  as  wel l  as  establ ishment  of  key  solar

energy  associat ions  such  as  In ternat ional  Solar  Al l iance.  Solar

power  wi l l  clear ly  cont inue  to  be  an  essent ia l  renewables  opt ion

in  the  coming  decades .

Today ,  the  photovol ta ic  modules  are  a  wel l -known  product .

Everybody  knows  the  di f ferences  among  monocrysta l l ine  and

polycrysta l l ine  modules ,  but  not  everyone  knows  that  there  are

some  pecul ia r i t ies  that  determine  per formances ,  durat ion  and

re l iab i l i ty .  Thin  f i lm  technology  i s  also  an  opt ion  but  not  get t ing

favorable  support  f rom  the  indust ry  due  to  techno -economical

reasons .

Together  with  other  innovat ions ,  many  players  have  in t roduced

modules  with  PERC  technology  (Pass ivate  Emit ter  and  Real  Cel l )

which  are  made  with  monocrysta l l ine  s i l icon  cel ls  with  the  back

layer  pass ivat ion .  In  th is  way,  i t  i s  poss ib le  to  increase  the  poss ib i l i ty

of  the  photons  recombinat ion  and  to  increase  the  in ternal  re f lect ion

at  the  junct ion .

The  main  producers  have  in t roduced  PERC  technology ,  cer ta in

measures  to  counteract  the  phenomena  of  per formance  degradat ion

over  t ime  and  some.

The  Indust ry  i s  cont inuously  revolv ing  and  the  new  norm  i s  bi fac ia l

Perc  technology  modules  which  wi l l  increase  energy  y ie ld

depending  upon  the  albedo  of  the  sur face  ins ta l led .  The  countr ies

such  as  Ind ia  and  the  Middle  East  where  solar  pro jects  are  being

insta l led  on  sandy  soi l  are  focus ing  more  on  bi fac ia l  Monperc

module  with  t racker .

I t  can  be  concluded  that  with  innovat ion  in  Module  technology  the

solar  ta r i f fs  wi l l  keep  on  reducing  resul t ing  in  the  cheapest  source  of

energy  with  envi ronment  protect ion .
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The  rap id  in t roduct ion  of  high -power  modules  across  the  PV

indust ry  in  2020  s ignals  a  new  phase,  where  the  module  assumes

an  enhanced  ro le  in  br inging  down  the  leve l ized  cost  of  elect r ic i ty

(LCOE ) .

The  PV  module  manufacturers  no  longer  compete  only  on  a  $ /W

basis ,  but  also  on  a  LCOE,  $ /kWh  basis .  Of  course ,  the  la t ter

ca lculat ion  can  be  very  complex ,  and  country  and  pro ject  speci f ic ,

but ,  overa l l ,  we  see  pro jects  being  won  on  th is  basis ,  with  the

manufacturers  get t ing  premiums  in  re turn .  However ,  these

premiums  wi l l  be  temporary ,  as  the  fundamenta l  costs  are  down,

and  compet i t ion  wi l l  eventual ly  push  pr ices  down.  There  are

severa l  paths  towards  LCOE  reduct ion .  

The  in t roduct ion  of  bigger  wafers  and  bigger  modules  has  a  clear

cost  advantage  on  the  module  cost .  Equal ly  impor tant ,  the

int roduct ion  of  dense  in terconnect ion  technologies ,  such  as

paving,  t i l ing  and  shingl ing ,  combined  with  mult i  busbar  and  hal f -

cut  cel ls ,  increases  the  module  area  ef f ic iency ,  and  decreases  the

$ /W  module  cost .  As  sa id  above,  the  cost  sav ings  wi l l  eventual ly

be  given  to  the  buyers ,  but  even  so,  bigger ,  more  ef f ic ient

modules  requi re  less ,  land,  steel ,  labor  and  elect r ica l  components ,

br inging  down  the
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balance  of  system  costs  and  reducing  the  LCOE.  There  i s  another

potent ia l ly  impor tant  dr iver  of  LCOE  reduct ion ,  based  on  energy

y ie ld  increase ,  due  to  the  t rend  towards  improved  power

temperature  coef f ic ients ,  bet ter  y ie ld  at  low  sun  angles ,  increased

bi fac ia l i ty  etc .

However ,  these  newly  in t roduced  module - leve l  technologica l

improvements  wi l l  be  soon  reaching  the i r  l imi ts ,  as ,  for  example ,  i t  i s

not  pract ica l  to  increase  ei ther  the  wafer  s ize  or  the  module  s ize

beyond  cer ta in  l imi ts .  Eventual ly ,  the  manufacturers  wi l l  have  to

readjust  the i r  focus  on  developing  and  scal ing  up  higher  ef f ic iency

cel l  technologies ,  such  as  n - type  pass ivated  contacts  (also  known

as  TOPCon )  or  hetero junct ion  and  abandon  the  PERC  cel l  plat form,

which  wi l l  soon  reach  i t s  l imi ts .  The  move  to  n - type  has  been

pushed  back,  because  of  “ lower  hanging  f ru i t ”  improvements  being

reaped  f i rs t ,  but  eventual ly  the  tough  compet i t ion  on  a  LCOE  and

module  cost  basis  wi l l  force  them  to  move  ahead,  probably  in  the

next  2 -3  years .

However ,  s ingle  junct ion  s i l icon -based  PV  has  maximum  ef f ic iency

l imi ts ,  so  there  are  new  candidate  technologies ,  such  as  tandem  th in

f i lm  perovsk i te  on  hetero junct ion  s i l icon  cel ls ,  that  can  give  us  30% +

ef f ic ient  modules .  There  are  huge  technologica l  hurdles  to

overcome,  of  course ,  but  the  rewards  are  so  high,  and  the  amount  of

ef for t  and  innovat ion  wi l l  be  so  in tense ,  that  i t  i s  cer ta in  that  by  the

end  of  the  decade,  advanced  module  technologies  wi l l  be  avai lab le

in  vast ly  massive  volumes,  br inging  down  the  LCOE  f rom  PV  plants

to  “penny ”  leve l ,  and  the  focus  of  the  energy  indust ry  wi l l  gradual ly

sh i f t  to  making  th is ,  almost  f ree  energy ,  dispatchable  to  the  gr id  or

di rect ly  to  consumers ,  by  in tegrat ing  storage  technologies  and  t ime -

shi f t ing  these  ul t ra -cheap  elect rons  to  the  t ime  s lots  that  they  are

needed  or  even  use  them  to  produce  valuable  molecules ,  such  as

hydrogen.

As  of  2018 -19,  Ind ia ’s  per  capi ta  elect r ic i ty  consumpt ion  i s  1,181

uni ts ,  which  i s  lower  than  hal f  of  the  wor ld ’s  average.  With  a

populat ion  of  1.3bn  people ,  a  massive  increase  in  elect r ic i ty

product ion  i s  requi red  to  support  economic  and  populat ion

growth .  Almost  al l  of  the  new  capaci ty  would  come  f rom

renewables .  DNV  GL ’s  Energy  Trans i t ion  Out look  2020  forecasts

that  the  share  of  elect r ic i ty  in  f ina l  energy  demand  in  Ind ian

subcont inent  wi l l  almost  t r ip le  to  a  42%  share  in  2050.

Based  on  the  Centra l  Elect r ic i ty  Author i ty  (CEA )  repor t  on  opt imal

generat ion  capaci ty  mix  for  2029 -30,  the  solar  generat ion  capaci ty

in  Ind ia  i s  s la ted  to  increase  f rom  34.6GW  in  March  2020  to

280GW  by  March  2030.  Solar  has  al ready  reached  ta r i f fs  lower

than  convent ional  sources ,  and  in  the  recent  auct ion  i t  reached  a

new  minimum  of  2  Rs.  per  uni t .  There  are  current ly  research  and

innovat ions  going  on  throughout  the  supply  chain  which  have  the

potent ia l  to  fur ther  reduce  the  cost .

The  solar  indust ry  wi l l  cont inue  to  move  towards  la rger  wafers  that

have  the  potent ia l  to  reduce  the  CapEx  fur ther  for  the  ut i l i ty  scale

solar  pro ject .  I t  i s  expected  that  in  the  next  10  years ,  M10  and  G12

wafer -based  modules  wi l l  dominate  the  product ion  fac i l i t ies  whi le

cur rent ly  dominated  wafers  of  less  than  M6  wi l l  be  gradual ly

phased  out .  Larger  wafer  s izes  increase  power  output ,  thereby

reducing  the  per -watt  product ion  cost .  However ,  in  order  to  l imi t

the  weight ,  the  glass  needs  to  be  made  l ighter  thereby  reducing

the  wind  loads  and  making  microcracks  more  l i ke ly  to  happen.

The  current  preference  for  PERC  (pass ivated  emit ter  and  rear  cel l )

modules  would  cont inue  before  swi tch ing  to  n - type  modules  and

f ina l ly  to  in t roduct ion  of  tandem  cel ls  for  higher  ef f ic iency  in  the

coming  decade.  PERC  technology  increases  the  ef f ic iency  by

increas ing  the  poss ib i l i ty  of  the  photon  absorpt ion  and  reducing

elect ron  recombinat ion  and  heat  absorpt ion .  Though  p - type  cel ls

have  dominated  the  market  so  fa r ,  the  indust ry  wi l l  move  towards  n -

type  in  the  coming  decade  for  higher  ef f ic iency .  N - type  modules

such  as  HIT  and  TOPCon  have  al ready  proven  higher  cel l  ef f ic iency ,

however ,  the  gains  achieved  by  these  ef f ic iencies  have  been

negated  by  high  product ion  costs .  There  i s  a  need  to  reduce  the

cost  of  product ion  of  these  cel ls  in  order  to  increase  uptake .

Tandem  technologies  can  increase  per formance  beyond  the  s ingle

junct ion  theoret ica l  l imi t .  For  example ,  a  combinat ion  of  s i l icon  as

the  bot tom  cel l  with  I I I–V  based  top  cel ls  has  al ready  demonst rated

in  laborator ies  ef f ic iencies  wel l  above  30% .  The  major  chal lenges ,

though,  are  to  produce  defect - f ree  I I I–V  layers  at  a  lower  cost .

Another  emerging  technology  i s  perovsk i te  solar  cel ls  (PSCs )  made

with  metal  hal ide  base,  which  has  severa l  advantages  such  as

st rong  absorpt ion  coef f ic ient ,  long  carr ier  l i fe t ime  and  di f fus ion

length .  PSCs  can  be  eas i ly  in tegrated  with  other  technologies  to

create  hybr id  tandem.  For  example ,  combined  perovsk i te  and  Si -PV

mater ia ls  have  shown  a  record  ef f ic iency  of  up  to  28%  under

laboratory  condi t ions .

Perovsk i te -Perovsk i te  tandem  solar  cel l  (PPTSC )  has  shown  huge

potent ia l  in  terms  of  fewer  fabr icat ion  processes ,  higher  ef f ic iency

and  lower  cost  for  the  recycl ing  at  the  end  of  the i r  l i fecycle .  The

current  research  on  tandem  i s  more  focussed  towards  re l iab i l i ty ,

lower  cost  processes  and  durable  mater ia ls .

Whi le  the  las t  decade  most ly  saw  the  s igni f icant  drops  in  solar  ta r i f fs

la rgely  on  account  of  economies  of  scale ,  the  coming  decade  wi l l

see  the  overa l l  opt imisat ion  and  innovat ion  in  al l  facets ,  inc luding

pushing  ef f ic iency  boundar ies .  I t  wi l l  also  see  s igni f icant

d ivers i f icat ion  of  solar  usage  mainly  in  the  areas  of  f loat ing  solar ,

bu i ld ing  in tegrated  PV  and  agr ivol ta ics .
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