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Why this matters now: states are writing these tenders into their RA 
plans as firm capacity

• Se ve r a l  st a t e  RA p l a n s  e n t e r  t h e  n e w  p r o d u c t s  (RTC, FDRE, so l a r +BESS, st a n d a l o n e  BESS) a s  
t h e  f i r m  ca p a c i t y  c l o s i n g  t h e  2 0 2 7–3 0  e ve n i n g  g a p , u su a l l y  a t  co n t r a c t e d  MW

• CEA’s o w n  c r e d i t s  sa y  o t h e r w i s e : 4-h o u r  BESS 0 .67, 2 -h o u r  0 .3 3  a g a i n s t  t h e  ~6-h o u r  n o n -
so l a r  b l o c k ; so l a r  ~0  a f t e r  su n se t ; co a l  0 .8

• Th e  t e n d e r s  re l a x t h e  o b l i g a t i o n : a n n u a l  o r  m o n t h l y  CUF in s t e a d  o f  h o u r l y  d e l i ve r y , 4 -
h o u r  a s su r e d  b l o c k s , m e r c h a n t  f r e e d o m  fo r  st o r a g e

• W h a t  d o  t h e se  t e n d e r s  a c t u a l l y  d e l i ve r, h o u r  b y  h o u r  a n d  se a so n  b y  se a so n  – a n d  
w h o  se r ve s  t h e  h o u r s  t h e y  sk i p ?
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States already count the new products as 2029-30 capacity
Hybrid, FDRE, RTC, BESS and PSP entered in state resource adequacy plans for 2029-30

• Ab o u t  95 GW  o f  t h e  n e w  p r o d u c t s  si t s  in  st a t e  

p l a n s  fo r  2 0 2 9-3 0 : st o r a g e  ~60  GW , h y b r i d  ~12  GW , 

FDRE ~8.6 GW , PSP ~12  GW  – p a r t  co n t r a c t e d , p a r t  

p l a n n e d , a  la r g e  p a r t  st i l l  t o  b e  t i e d  u p

• W h e r e  st a t e d , f i r m n e ss  as su m p t i o n s  va r y  w i d e l y : 

FDRE a t  94% CUF (GUVNL), 75–76% (MSEDCL), ~61% (UPPCL), 

60 % (Pu n ja b )

• Mo s t  p l a n s  d o  n o t  sa y  w h a t  t h e y  a s su m e  – so  t h e  

t e n d e r  it s e l f  is  t h e  o n l y  e vi d e n c e  o f  w h a t  t h e se  

a r e  w o r t h  a t  t h e  p e a k
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Study: What do current cheap storage bids mean?

• In d i a ’s  n e w e s t  st o r a g e +so l a r  b i d s  a r e  re m a r k a b l y  ch e a p , so m e  e ve n  ch e a p e r  t h a n  n e w  co a l

• Bu t  w h a t  t h e  b i d s  a c t u a l l y  p r o m i se  m a t t e r s : m o s t  co ve r  l im i t e d  (t h e  e a sy ) h o u r s , w i t h  g e n e r o u s  

re l a xa t i o n s  fo r  t h e  h a r d  o n e s

• Th e  h a r d  h o u r s  d o  n o t  d i sa p p e a r  – t h e y  b e c o m e  “le f t o ve r ” (re s i d u a l ) d e m a n d  t h a t  t h e  g r i d  / 

d i s c o m  / co n su m e r s  st i l l  p a y  t o  se r ve

• Fir m n e ss  is  n o t  f r e e : a  Rs 3  b i d  a n d  a  Rs 6 b i d  a r e  u su a l l y  d i f f e r e n t  p r o d u c t s , n o t  a  ch e a p  a n d  a n  

e xp e n s i ve  ve r s i o n  o f  t h e  sa m e  o n e

• W e  st u d y  w h a t  t h e  h e a d l i n e s  sk i p : (1) t h e  co s t  o f  g e n u i n e l y  f i r m  (h o u r l y ) 2 4×7 c l e a n  p o w e r, a n d  

(2 ) t h e  co s t  o f  t h e  le f t o ve r  w h e n  b i d s  avo i d  it

• Bottom line: India needs much more storage… but the true cost of reliability must be visible, or it quietly lands on DISCOMs and 

consumers
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Four terms that carry this analysis
1) CUF: Capacity Utilization Factor (akin to PLF) – t o t a l  e n e r g y  d e l i ve r e d  o ve r  t h e  y e a r  a s  a  sh a r e  o f  

t h e  m a xim u m . It  co u n t s  e n e r g y , n o t  w h i c h  h o u r s

1) Firmness: t h e  sh a r e  o f  d e m a n d  t h e  p r o je c t  m u s t  m e e t  in  e ve r y  h o u r  (t im e  b l o c k ), n o t  
ju s t  o n  ave r a g e
(95% f i r m  = a t  le a s t  95% o f  d e m a n d  in  e ve r y  s i n g l e  h o u r )

2) Relax worst hours (cost-optimized): a l l o w  a  sm a l l  % o f  h o u r s  (e .g ., 5%) fo r  re l a xa t i o n  in  f i r m n e ss  
– t h e  m o d e l  sk i p s  t h e  h a r d e s t  h o u r s

3) Residual (“leftover”) demand: t h e  h o u r s  a  p r o je c t  d o e s  n o t  se r ve ; t h e  d i s c o m  m u s t  p r o c u r e  
e l se w h e r e
Ot h e r  k e y  t e r m s : RTC = “ro u n d -t h e -c l o c k ” (t e n d e r s ); FDRE = “f i r m  an d  d i s p a t c h a b l e  RE”; VGF = via b i l i t y  g a p  fu n d i n g  

(an  u p f r o n t  su b s i d y )

5



Part 1 – What do the cheap bids actually promise?

Reading the fine print behind the headline ₹/kWh
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Storage bids are not directly comparable
The same hardware can yield very different ₹/kWh, depending on assumptions

• Bid s  ca n  co m e  in  d i f f e r e n t  u n i t s : ₹/k W h  o f  b a t t e r y  
h a r d w a r e , ₹la k h /MW /m o n t h  re n t a l s , ₹/k W h  o f  
e l e c t r i c i t y  d e l i ve r e d , e t c .
Co n v e r t i n g b e t w e e n  t h e m  re qu i r e s  a s s u m p t i o n s

• Th e  b i g g e s t  a s su m p t i o n  is  t h e  d u t y  cy c l e : Assu m e  
t w o  fu l l  d a i l y  c h a r g e -d i s c h a r g e  cy c l e s  an d  t h e  p e r -
u n i t  e l e c t r i c i t y  co s t  lo o k s  fa r  c h e a p e r
Bu t  h o w , a n d  a t  w h a t  p r i ce , w i l l  i t  ch a r ge  t w i ce  a  d a y ?

• Man y  b i d s  a l s o  in c l u d e  VGF (an  u p f r o n t  su b s i d y ) t h a t  
t h e  h e a d l i n e  t a r i f f  d o e s  n o t  sh o w

• Ha r d w a r e  is  m o r e  t h a n  ce l l s /p a c k s : in ve r t e r, 
e l e c t r o n i c s , co o l i n g , in s t a l l a t i o n
Pre s s  fo cu s e s  o n  p a cks , w h i ch  a r e  la r ge l y  im p o r t e d
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Ba t t e r y  h a r d w a r e  
ca p e x (Rs/k W h -s i ze )

Rs/k W h
(e l e c t r i c i t y )

Rs/k W /Mo n t h
(ca p a c i t y )

Im p u t
e d

b i d sb i d s

Arithmetically convertible in t o  e a c h  o t h e r, b u t  o n l y  if  yo u  m a k e  
a ssu m p t i o n s  li k e  d u t y  cy c l e



Many bids have entered the realm of “challenging”
Risks: (a) quality (esp. for Indian heat); (b) will it get built?

• $~74/k W h -b a t t e r y  sy s t e m  co s t s  is  qu i t e  a g g r e s s i ve  
co n s i d e r i n g :

▪ In s t a l l a t i o n
▪ Du t i e s
▪ Ba la n c e  o f  sy s t e m s , in c l u d i n g  in ve r t e r !

• Th e  ce l l s  (i f  im p o r t e d ) t h u s  a r e  in  t h e  o r d e r  o f  
~$42 /k W h !
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• FDRE (firm & dispatchable) bids asked for (say) 4 hours of overnight supply
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Pure battery: Larger size is cheaper as BoS costs are based on kW, not kWh Solar + Storage: Costs rise with more hours/d a y  of supply (solar is cheap)

So la r  fa r m s ca n  g ive  2 5% PLF = 
6 h o u r s  p e r  d a y

Th u s , 18 h o u r s  o f  b a t t e r y  + 6 
so l a r
= 2 4 h o u r s  su p p l y  (o n  p a p e r )

Notes: Storage assumes a pack cost of $50/kWh, BOS (balance of system) cost of $50/kW, EPC/installation of $10/kWh, 10.15% WACC, 12 year 

lifespan, 3% O&M costs, Round trip efficiency of 85%, 90% depth-of-discharge (DoD) limit, Rs 90/US$ forex rate, and one cycle per day in full 

Pu r e  St o r a g e  FC (n o  so l a r ):
Co st s  fa l l  w i t h  d u r a t i o n

Ble n d e d  Co s t s



A recent bid: UPPCL storage (May 2026)
Storage with RE for charging included, but not blended with direct solar

• Th e  b i d  p a y s  fo r  ju s t  4 h o u r s  o f  d i s c h a r g e , d u r i n g  e ve n i n g /n i g h t  p e r i o d s
• He a d l i n e  t a r i f f : ₹6.45/k W h , p l u s  via b i l i t y  g a p  f u n d i n g  w o r t h  ro u g h l y  a n o t h e r  70  

p a i s e /k W h
• Ble n d  in  c h e a p  so l a r  fo r  6 h o u r s  e qu i va l e n t  (₹2 .50 /k W h , a n  a g g r e s s i ve  

a ssu m p t i o n ) a n d  a  s im p l e  w e i g h t e d  ave r a g e  fo r  “2 4×7” co n ve r t s  t o  a b o u t  
₹6.0 /k W h

• Bu t  se e  t h e  f i n e  p r i n t : 
(1) Th e  b i d  re qu i r e s  o n l y  95% ava i l a b i l i t y , m e a su r e d  m o n t h l y , n o t  h o u r  b y  h o u r ; 
(2 ) t h a t  is  o n l y  fo r  a  f l a t  o u t p u t

• Takeaway: e ve n  a t  ₹6/k W h  fo r  2 4×7, t h i s  is  n o t  y e t  t r u l y  f i r m  p o w e r
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Part 2 – What does genuine 24×7 clean power cost?

We build a model that starts simple and adds reality one constraint at a time (The goal is 
not a single price, it is to see which assumptions move the price)

Pro Tip: Don’t focus on a specific cost result, but the changes in cost or trends when we 
add constraints or factors that matter

Wonky details: 
Built in GAMS · Thousands of MIP (Mixed Integer Programming) problems to solves a single MINLP Problem · Thousands of runs for 
Demand Flexibility in loop · Planning with Operational Granularity
Needs powerful computing (days per run): Intel Core i9-14900K 3.20 GHz, 192 GB RAM System 
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The biggest problem with headline 24×7 claims is extrapolating from 
current bids (often linearly) 

• Th e  g o a l  is n ’t  t h e  p r o d u c e  a  f l a t  d e m a n d  l i k e  c u r r e n t  b i d s  (e ve n  
i g n o r i n g  la c k  o f  f i r m n e ss ) 
D e m a n d  v a r i e s  b y  se a s o n , a s  d o e s  RE su p p l y

• La c k  o f  f i r m n e ss  is n ’t  a  co s t  re d u c t i o n , i t ’s  a  r i s k  t r a n s f e r e n c e
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Never cro ss a  river 4-feet 
d eep “o n  a vera g e”



Every real-world constraint you add moves the cost
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Part 3 – The workaround: promise less than everything

Relaxing the obligation makes bids cheaper…but the hours you skip are precisely 
the expensive ones
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• CUF is a promise about the year as a whole: To t a l  e n e r g y  d e l i ve r e d  o ve r  t h e  y e a r, 
r e g a r d l e s s  o f  w h i c h  h o u r s  i t  ca m e  in

• Firmness is a promise about every hour: At  50 % f i r m n e ss , t h e  p r o je c t  m u s t  su p p l y  a t  
le a s t  50 % o f  d e m a n d  in  e ve r y  t im e  b l o c k  o f  t h e  y e a r ; a t  10 0 % f i r m n e ss , i t  
m u s t  m a t c h  d e m a n d  in  e ve r y  s i n g l e  h o u r

• Firmness dominates CUF: Eve n  a  lo w  f i r m n e ss  p r o m i se  st i l l  d e l i ve r s  a  lo t  o f  a n n u a l  
e n e r g y , b e c a u se  sy s t e m  o u t p u t  o f t e n  e xc e e d s  t h e  m i n im u m

Th u s , a  b i d  ca n  sh o w c a se  a  h i g h  a n n u a l  CUF w h i l e  qu i e t l y  sk i p p i n g  t h e  
h a r d e s t -t o -s e r ve  h o u r s  
High  CUF ≠ r e l i a b l e  su p p l y

“Firmness” isn’t the same as energy served



Hourly Firmness Vs Annual CUF vs LCOE
Increasing firmness raises LCOE because the system must solve the most difficult 
hours
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Two Ways to Achieve the Same Energy (CUF) — Very Different Costs
Meeting every hour is expensive; relaxing a few worst hours sharply reduces cost without 
necessarily changing annual energy

1) Firmness at every time block (Optimization with Strict reliability)

• Su p p l y  m i n im u m  % in  e ve r y  h o u r  (e .g ., 80 % e a c h  b l o c k )

• Mu s t  h a n d l e  h a r d (e r ) h o u r s  → m o r e  RE + st o r a g e

• Le a d s  t o  h i g h e r  a n n u a l  CUF a n d  h i g h e r  c o s t  (LCOE)

2)  Case 2: Relax worst hours (Cost-optimized)

• Al l o w  sm a l l  % o f  h o u r s  (e .g ., 5%) t o  re l a x f i r m n e ss

• Mo d e l  a vo i d s  m o s t  d i f f i c u l t  h o u r s

• Ach i e ve s  s im i l a r  a n n u a l  CUF (~95%) a t  m u c h  lo w e r  c o s t
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Same annual energy (CUF) ≠ same reliability ≠ same cost



Relax the worst 5% of hours: ₹7.88 falls to ₹6.41/kWh
Nearly the same annual energy (CUF), significantly lower cost
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“Coal only runs at ~85% too, so 85% green is 
equivalent (and good enough)”? Not quite
• A p o p u l a r  a r g u m e n t : c o a l  p l a n t s  a r e  o n l y  e xp e c t e d  t o  r u n  a t  ~85% PLF 

ava i l a b i l i t y  , so  85% co ve r a g e  f r o m  so l a r  + st o r a g e  is  ju s t  a s  g o o d
• Th a t  is  n o t  a n  a p p l e s -t o -a p p l e s  co m p a r i s o n :
• Co a l  d o w n t im e  is  o f t e n  c h o se n , w i t h  m a i n t e n a n c e  sc h e d u l e d  in  e a sy  se a so n s ; 

RE sh o r t f a l l s  a r e  im p o se d  b y  w e a t h e r, o f t e n  o n  e ve r y o n e  a t  t h e  sa m e  t im e  (h i g h  
c o r r e l a t i o n s )

• Ne w  co a l  c a n  r u n  ~90 % o f  t h e  y e a r, so  c o ve r i n g  10 0 % n e e d s  o n l y  ~10 % o ve r s i zi n g
Fo r  so l a r  + st o r a g e , c o ve r i n g  t h e  la s t  d i f f i c u l t  h o u r s  n e e d s  m u l t i p l e  t im e s  h i g h e r  
o ve r s i zi n g

• Ove r s i ze d  b u t  u n d e r u se d  co a l  sa ve s  f u e l , b u t  o ve r s i ze d  b u t  u n d e r u se d  RE/st o r a g e  
sy s t e m s o f f e r  n e a r -ze r o  sa vi n g s

• Bo t t o m  l i n e : “85% f r o m  co a l ” a n d  “85% f r o m  so l a r  + st o r a g e ” a r e  n o t  f u n g i b l e
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Part 4 – The leftover: 
Who serves the hours that the bids skip?
• Se r vi n g  “90 % o f  d e m a n d ” le a ve s  10 % u n m e t  – b u t  W HEN m a t t e r s
• Co n s i d e r  73 0  h o u r s ’ w o r t h  o f  re s i d u a l  (u n se r ve d ) e n e r g y  a  y e a r  (o n  a  n o r m a l i s e d  1 

k W  ave r a g e  d e m a n d )
• Be s t  ca se : sp r e a d  e ve n l y , a b o u t  2  h o u r s  a  d a y . A sm a l l  b a t t e r y  f i xe s  it .

• W o r s t  ca se : co n c e n t r a t e d  in  a  fe w  c l o u d y /h i g h -d e m a n d  w e e k s . Ne e d s  fa r  m o r e  st o r a g e , p l u s  
e xt r a  RE t o  c h a r g e  it

• Tw o  w a y s  t o  f i l l  t h e  g a p , e a c h  w i t h  a  c o s t :
1. Bu y  f r o m  t h e  p o w e r  e xc h a n g e  (sp o t /d a y -a h e a d )

Wo r r i e s : (1) Is t h e  m a r ke t  l i qu i d e no u gh ?; (2) To da y ’s  p r i ce  sp r e a ds  a r e  l i ke l y  t o  w o r s e n

2 . Ru n  co a l  o r  g a s  a s  b a c k u p
Bu t  co a l  p l a nt s  a r e  no t  de s i gne d fo r  st o p -s t a r t  du t y , a nd im p o r t e d ga s  su p p l y  is  ins e cu r e  (a nd 
e xp e ns i v e )
(D e m a nd f l e xi b i l i t y  w o u l d b e  t h e  ide a l  f i l l e r )

• W e  t e s t  b o t h  u s i n g  2 0 2 3  d a t a , w h i c h  l i k e l y  u n d e r s t a t e s  t h e  f u t u r e  p r o b l e m
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Option 1 – buy the leftover from the market: prices spike in exactly those hours
Hard to find generators willing to contract at ~10% utilisation today; time-of-day price 
spreads will widen further

Rs/MWh
Price Cap
Rs 10/kWh

Price Cap
Rs 10/kWh

3  ye a r s  o f  Day  Ah e a d  Ma r k e t  p r i c e s  f r o m  IEX



=An n u a l  CUF= =An n u a l  CUF= =An n u a l  CUF=
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Option 1 (cont.): The tradeoff in filling the gap: Firm vs Relaxed
In relaxed (worst-hour) cases, the per-unit cost of leftover demand exceeds project LCOE, while in strict time-block 
firmness the leftover cost
Ho w e ve r, t h e  o ve r a l l  DISCOM b u r d e n  d e p e n d s  o n  RE p e n e t r a t i o n  a n d  sy s t e m  f l e xi b i l i t y , im p l y i n g  t h a t  a  b a l a n c e d  
f i r m n e ss  w i t h  p e a k i n g  su p p o r t  is  m o r e  co s t -e f f e c t i ve  t h a n  e i t h e r  o ve r l y  st r i c t  o r  h i g h l y  re l a xe d  a p p r o a c h e s
Mo r e  f l e xi b i l i t y  ca n lo w e r  p o r t f o l i o  co s t s  (m o r e  so  if  D AM p r i ce s  a r e  m o de s t )



Demand Coverage via solar+storage: 75% 95%

PLF of residual for Firm (hourly firmness design) 45.89% 42.65%

PLF of residual for Flexible (annual CUF design) 19.42% 4.66%

Option 2 – Run new coal or gas as backup
(at painfully low utilisation)
• Th e r e  is  g r e a t  u n c e r t a i n t y  in  ca p e x a n d  (m o r e  so ) f u e l  – an d  w e  h a ve n ’t  e xp l o r e d  d e m a n d  f l e xi b i l i t y
• Fixe d  co s t s  d e p e n d  o n  u sa g e  (d u t y  cy c l e , o r  PLF)
• Case : 1 k W  n o r m a l i ze d  d e m a n d , fo r  d i f f e r e n t  a n n u a l  CUF co ve r a g e s  via  so l a r +s t o r a g e  (e .g ., 75%/95%) DAILY 

Ba l a n c i n g  Ne e d

• As RE+st o r a g e  co ve r a g e  in c r e a se s , t h e  le f t o ve r  sh a p e  ch a n g e s  fo r  a  f i r m e r  b i d  sp e c ;
Mo r e  se a s o na l /b u r s t y  r e s idu a l  lo a d is  m o r e  e xp e ns i v e  t o  m e e t  b e ca u s e  it  w i l l  b e  u nde r u s e d m a ny  da y s

24

75% co ve r a g e  = 2 5% re s i d u a l 95% co ve r a g e  = 5% re s i d u a l

(Ig n o r e  f i r s t  d a y )



0

2

4

6

8

10

12

14

0.75 0.8 0.85 0.9 0.95Po
rt

fo
lio

/B
le

nd
ed

 C
os

t (
Rs

/k
W

h)

Demand Coverage via solar+battery

Hourly Firm Annual Flexibility

Portfolio level (blended) costs depend on your worldview
Will gas be available, and if so, how expensive?
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• If the expectation is to have coal and not gas, then RE+storage bids should be more firm

▪ Ve r y  c h e a p  g a s  is  ch e a p e r  AND MORE FLEXIBLE t h a n  co a l

• In d i a  w i l l  a l so  n e e d  m o r e  p o r t f o l i o  a n a l y s i s  (in c o r p o r a t i n g  “re s t  o f  g r i d ” (n o t  ju s t  n e w  b u i l d s  l i k e  
h e r e ), d e m a n d  f l e xi b i l i t y , e t c .)

• Bottom line: Cheap solar + battery needs expensive balancing
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Highlights of Key findings
• St o r a g e  is  st i l l  im p o r t a n t  a n d  c r i t i c a l  fo r  In d i a  – w e  a r e  w a y  b e h i n d  o t h e r  

c o u n t r i e s

▪ It ’s  ju s t  t h a t  st o r a g e  is n ’t  y e t  re a d y  t o  “d o  i t  a l l ”

• Ch e a p  st o r a g e  o f  t o d a y  is  b a se d  o n  in c o m p le t e  a c c o u n t i n g

• A m o r e  n u a n c e d  f u l l -g r i d  a n a l y s i s  w h i c h  fa c t o r s  in  b o t h  o t h e r  su p p l y  o p t i o n s  
a n d  d e m a n d  f l e xi b i l i t y  w i l l  sh o w  t h e  f u l l  sy s t e m  co s t s

▪ An y  su c h  a n a l y s i s  w i l l  b e  a s su m p t i o n -l a d e n  – t e c h n o l o g y  le a r n i n g  c u r ve s , 
c o s t s  o f  c a p i t a l , f u e l  c o s t s , e t c .

▪ Bu t  t h e  b a l a n c i n g  n u m b e r s  sh o w n  (fo r  re s i d u a l  d e m a n d ) a r e  in d i c a t i ve  o f  
t h e  t r e n d s  a n d  is su e s : la ck o f  f i r m ne s s  co m p a r e d t o  h o u r l y  de m a nd is  a  r e a l  
co s t  f o r  dis co m s
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Conclusions and Policy Implications
India is not choosing between cheap and expensive power, it is choosing where 
and how the cost of reliability is paid

• It  is  a  fa l se  a n a l y s i s  t o  c l a im  RE+St o r a g e  ca n  o b vi a t e  a l l  n e w  co a l
▪ Cu r r e n t  b i d s  a r e  c h e r r y -p i c k i n g  d e m a n d  co ve r a g e  a n d  a r t i f i c i a l l y  c h e a p

Eve n  p a r t i a l  f i r m i n g  (fo r  75% - 95% an n u a l  co ve r a g e ) ra i se s  co s t s  m e a su r a b l y  (e xc e e d i n g  Rs 
7.5/k W h  – w i t h  b e s t  so l a r  p r o f i l e s /s i t e s )
Eve n  w o r se , t h e  b a l a n c i n g  o f  t h e  re s i d u a l  d e m a n d  is  n o n -l i n e a r l y  e xp e n s i ve

• On e  ca n n o t  a p p l y  t h e  sa m e  m o d e l l i n g  fo r  c o a l  c o s t s  vs. RE co s t s
• E.g ., 85% d e m a n d  fu l f i lm e n t  isn ’t  t h e  sa m e  in  b o t h  ca se s  – w h e n  y o u  ca n  d e l i ve r  is  d i f f e r e n t

• Cu r r e n t  st o r a g e  b i d s  le a ve  e n o r m o u s  f l e xi b i l i t y  fo r  RE d e ve l o p e r s  – w h o se  
c o s t  is  b o r n e  b y  t h e  DISCOM
• Th e r e  a r e  m u l t i p l e  w a y s  t o  a c h i e ve  a  c h o se n  a n n u a l  o u t p u t

▪ W i t h  h o u r l y  f i r m n e ss  – ra i se s  p r o je c t  co s t s  b u t  lo w e r s  sy s t e m  co s t s  e l se w h e r e
▪ W i t h  f l e xi b i l i t y  t o  t h e  d e ve l o p e r  – lo o k s  c h e a p e r  o n  p a p e r  b u t  ra i s e s  c o s t s  

e l se w h e r e
27



Conclusions and Policy Implications (2)
Storage in current bids helps compared to “vanilla” solar, but its interpretation 
needs system-reality alignment
• Th e  e xa c t  c o m b in a t i o n  o f  h o w  f l e xi b l e  vs. f i r m  d e p e n d s  o n  a  ra n g e  o f  a ssu m p t i o n s

▪ Mo d e s t  c l e a n  e n e r g y  f l e xi b i l i t y  lo w e r s  co s t s  m e a su r a b l y  – b u t  n e e d s  co m p l e m e n t a r y  
a l t e r n a t i ve  su p p l y

Sm a l l  f l e xi b i l i t y  in  t h e  w o r s t  h o u r s  g i ve s  d i s p r o p o r t i o n a t e  co s t  sa vi n g s
Re la xi n g  e ve n  ~5% o f  h a r d e s t  h o u r s  re d u c e s  LCOE si g n i f i c a n t l y  w i t h  ze r o  im p a c t  o n  an n u a l  e n e r g y  
(e .g .,: 7.88 Rs/k W h  t o  6.41 Rs/k W h  fo r  95% an n u a l  CUF)
Th i s  le f t o ve r  ca n  b e  m e t  t h r o u g h  d e m a n d  re sp o n se /f l e xi b i l i t y  (ch e a p e r  t h a n  “p e a k e r s ” l i k e  o p e n  cy c l e  
g a s )

No t e : So m e  FDRE an d  p e a k -p e r i o d  b i d s  t o d a y  h a ve  a  w h o l e  m o n t h  a l l o w e d  fo r  re l a xa t i o n , p l u s  m o n t h l y  ave r a g i n g

• Ig n o r i n g  t h e  re s i d u a l  d e m a n d  is  r i s k y
▪ Th e  le s s  y o u  h a ve  le f t o ve r  t o  su p p l y , t h e  in h e r e n t l y  m o r e  e xp e n s i ve  i t  w i l l  b e

Th e  sh a p e  o f  t h e  le f t o ve r  re a l l y  m a t t e r s
▪ Ma r k e t  (DAM) p r i c e s  h i n t  a t  t h e  p r o b l e m  – w h i c h  w i l l  g e t  w o r se  o ve r  t im e  (g r e a t e r  

To D sp r e a d  – e .g ., “Ne c k l a c e  Cu r ve ” se e n  in  2 0 2 6)
Ultimately, there is enormous value to adding more storage and RE
…but not (yet) getting rid of coal entirely
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Thank You

(rvijay@csep.org; rahul.tongia@csep.org)
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