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CLOSED	
  BOOK	
  CLOSED	
  NOTES.	
  

One	
  significant	
  figure	
  will	
  suffice	
  for	
  your	
  answers.	
  
	
  
A	
  solar	
   thermal	
  power	
  plant	
   is	
   to	
  be	
  built	
   in	
  a	
  region	
  that	
  has	
  on	
  average	
  a	
  Direct	
  
Normal	
  Incidence	
  (DNI)	
  of	
  500	
  W/m2	
  and	
  a	
  Diffuse	
  Horizontal	
   Irradiance	
  (DHI)	
  of	
  
500	
  W/m2	
  for	
  10	
  hours	
  per	
  day.	
  	
  These	
  values	
  then	
  go	
  to	
  zero	
  for	
  the	
  other	
  14	
  hours	
  
per	
  day.	
  	
  The	
  plant	
  will	
  use	
  a	
  heat	
  engine	
  that	
  has	
  a	
  conversion	
  efficiency	
  of	
  40%.	
  	
  It	
  
is	
  desired	
  that	
  the	
  plant	
  produce	
  100	
  MW	
  of	
  electricity	
  continuously.	
  	
  	
  
	
  

(a) What	
  is	
  the	
  minimum	
  light	
  collecting	
  area	
  required	
  for	
  these	
  specifications?	
  
10	
  points.	
  
	
  

(b) How	
  much	
  energy	
  needs	
  to	
  be	
  stored	
  for	
  subsequent	
  use	
  in	
  producing	
  
electricity	
  at	
  night?	
  10	
  points.	
  
	
  

(c) Assuming	
  that	
  a	
  thermal	
  energy	
  storage	
  system	
  is	
  used	
  with	
  a	
  thermal	
  
storage	
  medium	
  having	
  a	
  specific	
  heat	
  Cp	
  =	
  1	
  kJ/kG-­‐deg	
  K	
  and	
  a	
  density	
  
ρ=3000 kG/m3	
  estimate	
  the	
  volume	
  of	
  the	
  thermal	
  storage	
  system	
  so	
  that	
  the	
  
characteristic	
  stored	
  energy	
  decay	
  time	
  exceeding	
  24	
  hours?	
  	
  10	
  points.	
  	
  	
  

	
  
Hint:	
  	
  Recall	
  that	
  the	
  power	
  balance	
  for	
  the	
  thermal	
  storage	
  system	
  is	
  given	
  

as	
   ρCpV
∂T
∂t

= Pin −
1
ηth

Pout 	
  

	
  
(d) Explain	
  in	
  words	
  why	
  it	
  would	
  be	
  useful	
  to	
  have	
  such	
  a	
  long	
  thermal	
  energy	
  

decay	
  time.	
  
	
  






