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1、 Meteorological Data of the Project Site

 

q Locat i on :  Hormozgan  Prov ince,  sou thern  I r an  (27.72°N,  

56 .34°E) ,  nea r  t he  St ra i t  o f  Hormuz.  Hot,  ar id  c l imate  

wi th  ve ry  h i gh  summer tempera tures  and mi ld  win te rs .

q So la r  Resource:  S i t ua ted  in  I ran ’s  So lar  Be l t  w i th  

exce l lent  DN I ,  idea l  fo r  CSP and  hybr id  so la r  pro jec ts .

q So la r  Rad ia t ion:

• Apr–Sep (H igh):  ~16.8–29.6 MJ/m²·day

• Oct–Mar (Moderate) :  ~11.6–14.7  MJ/m²·day

q Sunsh ine  Dura t ion :

• Longest:  May,  up to ~13.5 hours/day

• Shortest:  December,  ~10 hours/day

q Conc lu s i on:  S t rong ,  s tab l e  so l a r  c ond i t ions  suppor t  

h igh-e f f i c iency,  year - round  so lar  power  generat ion .

Example: Hormozgan Province, Iran
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Monthly Average Solar Radiation (MJ/㎡·d) Monthly Average Peak Sunshine Hours Month

12011008.0 133.55 202401

13807616.0 144.65 202402

14743186.0 178.61 202403

17661440.0 198.84 202404

21692928.0 237.42 202405

19932160.0 223.53 202406

18236928.0 216.41 202407

16803840.0 200.72 202408

17132902.0 187.73 202409

14740992.0 163.46 202410

13263360.0 137.43 202411

11575296.0 126.75 202412

1、 Monthly Solar Energy Data (2024)
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Adopt a CSP trough solar thermal system 

as the heat source, with 8 hours of 

molten salt thermal storage.

Scheme 1

Scheme 2
   Adopt a Hybrid system, combination of 

CSP trough solar thermal system + 8 hours 

of molten salt thermal storage + PV 

(photovoltaic) power generation system.

2、Project Planning

The project plans to construct a solar thermal power station with 8 hours of molten salt thermal storage. 

Two schemes are proposed:
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The  system cons ists  of :  

1 . So la r  Mi r ror  F ie ld ,  

2 . Heat  Transfe r  O i l  C i rcu la t ion  
Sys tem,  

3 . Mol ten  Sa l t  Thermal  Sto rage  
Sys tem,  

4 . O i l -Sa l t  Heat  Exchanger,  

5 . Steam Genera t ion Sys tem,  

6 . Steam Turbine Generato r  Un i t ,  
Condens ing  System,  

7 . Aux i l i a r y  Energy  Sys tem,  and 

8 . Moni tor ing  & Contro l  Sys tem.

3、Scheme 1 / Schematic Diagram and System Composition

CSP Trough Solar Thermal Plant
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3.1 Solar Mirror Field

 

Composi t ion

1 . Parabol i c  Trough Ref lec tor s:  Rows  o f  s i l ve r -coated g l as s  

m ir ro r s  shaped into  pa rabo l i c  t rough s .  Us ing  s i ng le -ax i s  

t rack ing ,  t hey  concent rate  d i rect  sun l igh t  about  70 –80×  on to  a  

foca l  l i ne .

2 . Evacuated  Co l lec tor  Tubes :  Loca ted  at  the  foca l  l i ne .  A meta l  

absorber  tube  i ns ide  a  vacuum-sea led  g l a s s  enve lope  min imize s  

heat  l o s s ,  l i ke  a  t he rmos.  A se lec t i ve  coat ing  max imizes  so lar  

absorpt ion  and  reduces  heat  rad ia t i on .

3 . Co l lec tor  Array  (So la r  F ie ld ) :  I nd iv idua l  t rough  un i t s  fo rm 

co l lecto r  l oops  connected i n  s er ie s ;  mu l t ip le  l oops  a re  l inked  

i n  pa ra l le l  to  c rea te  a  l a rge- sca le  s o l a r  the rma l  f i e ld  that  

supp l ie s  heat  t o the  power  b lock .
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3.1 Solar Mirror Field - Area

 

Mirror Field Area Calculation

• R a te d  E l e c t r i c a l  P o w e r :  P

• O v e r a l l  S y s t e m  P h o to e l ec t r i c  C o n v e r s i o n  E f f i c i e nc y :  %

• S o l a r  R a d i a t i o n  I n t e n s i t y :  D N I  ( W / m ² )  ( De c e m b e r  m o n th l y  a v e r a g e )

• E f f ec t i v e  S u n s h i n e  D u r a t i o n :  E  h o u r s

• T h e r m a l  S t o r a ge  D u r a t i o n :  T  ho u r s

• D a i l y  P o w e r  G e n e r a t i o n  D u r a t i o n :  D  h o u r s  ( d a y t i m e  p o w e r  

g e n e r a t i o n  +  n i g h t t i m e  t h e r ma l  s t o r a ge  p o w e r  g e n e r a t i o n )

Mirror Field Area Formula:

A =  P  ×  D  hours  ÷  %  ÷  DN I  W/㎡  ÷  E  hours  

   ≈  A  ㎡
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1 . Heat  Transf er  F lu id :  Cur rent l y,  syn thet ic  heat  t rans fe r  o i l  

i s  most  commonly  used  (max imum operat ing  t empe ra ture  

a round  400 °C).

2 . P ip ing  and  C i rcu lat i on  Sys tem:  I nc lud ing  c i r cu la t i on  

p ipe l ines  in  the  co l lecto r  f i e ld,  heat  t r an s fe r  o i l  

c i r cu la t ion  pumps,  expans ion  tanks ,  over f l ow tanks ,  e tc .

3 . Working P r inc ip le :  Heat  t rans fer  o i l  i s  pumped  f r om the  

co ld  tank  in to  the  co l l ector  f i e ld ,  heated  to  become a  

h i gh - tempera tu re  f l u id,  and  d i rec t l y  s ent  to  the  o i l - sa l t  

heat  e xchanger  to  heat  t he  mo l ten  sa l t .

3.2 Heat Transfer Oil Circulation System
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3.3 Molten Salt Thermal Storage System

 

q Core Advantage:  Mo l ten  sa l t  s torage  enable s  la rge-scale,  l ong-durat ion ,  

low-cost  energy  s to rage,  g iv ing  CSP plants  a  major  advantage  over PV 

and wind by  p rov id ing  stab le,  d i spatchable  power.

q Storage  Medium (Sola r  Sa l t ) :  B inary  n i t rate mo l ten sa l t  (60% NaNO₃ +  

40%  KNO₃) ,  operat ing  re l iab l y  in  l iquid  fo rm between ~290°C and  

565°C.

q Storage  Tanks :

• Cold  Sal t  Tank:  Store s  lower- temperature sa l t  (~290°C).

• Hot  Sal t  Tank:  Stores  h igh-tempera tu re  sa l t  (~385°C)  heated by 

the so lar  f ie ld.

q Pumps &  Heat Trac ing:

• Molten  Sal t  Pumps  move hot  and co ld  sa l t  through  the  sys tem.

• Electr ic  Heat  Tracing  keeps  a l l  p ipes  and tanks  above  the  freez ing  

po int ,  prevent ing  so l id i f icat ion  and ensur ing  sa fe  opera t ion.
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I t  i s  the  "heat  exchange hub"  connect ing  the 

therma l  s to rage  sys tem and the power  generat ion  

sys tem (or  co l lec tor  sys tem) .

Work ing  P r inc ip le  in  Trough Power  Stat ions  (Us ing  

Heat  Trans fer  O i l )

q Heat  Storage Stage :  H igh- temperature  heat  

t rans fer  o i l  (~395°C)  f lows  through the o i l - sa l t  

heat  exchanger,  t ra ns fe r r ing  heat  to  the co ld  

mol ten  sa l t ,  whi ch  i s  then heated  and  s tored  in  

the hot  sa l t  t ank .

q Heat  Release  Stage :  Hot  mol ten sa l t  f lows  

th rough the  sa l t-water/ s team heat  exchanger  ( i . e . ,  

s team genera to r ) ,  heat ing  wa ter  in to  

superheated  s team to  dr i ve  the s team turb ine  fo r  

power  generat ion .

3.4 Oil-Salt Heat Exchanger
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1 . Core  Function:  Conver ts  heat f rom high-temperature  

molten sa l t  into h igh-pressure ,  h igh-temperature  steam 

that dr ives  the turb ine.

Role in  Energy Chain:

Molten sal t  → Steam generator → Steam → Turbine 

→ Generator → Electr ic ity

1 . Design Concept:  Bui l t  as  mult ip le  modular heat  

exchangers  rather than one la rge unit ,  improv ing safety,  

control ,  and eff i c iency.

Typical  Configurat ion:  A s ix-module ser ies :

Low-pressure preheater  → High-pressure preheater  

→ Evaporator → First  superheater  → Reheater  → 

Second superheater.

3.5 Steam Generation System
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The s t eam turb ine  genera to r  un i t  i s  the  co re  equ ipment  that  u l t imate l y  

convert s  therma l  energy  i nto  e lect r i ca l  energy  i n  t he  ent i re  therma l  

cyc le .

3.6 Steam Turbine Generator Unit

Parameter Item
Typical Range / 
Configuration

Description and Correlation with Trough Type

Rated Power (Net Output) 105 MWe
Considering the auxiliary power consumption of the air 
cooling system, high-power molten salt pumps, etc., 

the steam turbine output is usually around 115-120MW.

Main Steam Parameters ~380℃ - 395℃ ， 100 - 120 bar
Determined by the maximum temperature of the heat 
transfer oil (~395°C), which is a typical parameter of 

trough technology.

Reheated Steam Parameters ~380℃  - 395℃ 
Also limited by the oil temperature. The adoption of 
reheating is a key means to improve the efficiency of 

trough power stations.

Steam Turbine Type
Single-shaft, multi-cylinder 

condensing type

Standard configuration: 1 high-pressure cylinder + 1 
intermediate-pressure cylinder + 1 double-flow low-
pressure cylinder. Due to the relatively low steam 

temperature, the requirements for material thermal 
stress are relatively loose, which is conducive to rapid 

startup and shutdown.

Exhaust Pressure/Cooling
Approximately 0.05 - 0.07 bar, 

air-cooled
Approximately 0.05 - 0.07 bar, air-cooled

Feedwater Heating System
Multi-stage regenerative 

extraction

Extracting steam from the intermediate-pressure 
cylinder and low-pressure cylinder of the steam 

turbine to heat the feedwater is a standard 
configuration to improve cycle efficiency.
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I t  usual ly  adopts  a  hierarchica l  d i str ibuted contro l  architecture,  d iv ided  into three layers:

First Layer: Local Control Layer

q Function:  Execute the lowest- leve l  fast  and loca l ized control  and protect ion.

q Main Equipment:  PLC,  intel l igent  instruments,  frequency converters,  dr ive  motors,  protect ive re lays.

q Typical  Tasks:

• Solar  tracking  control  of  a s ingle  col lector  (receiv ing  upper- l evel  ang le  commands and dr iv ing  hydrau l ic  or  

motor actuators).

• Start- stop and speed control  o f  a  s ing le  molten sa lt  pump/heat transfer  o i l  pump.

• Switch ing  and regu lat ion of  key valves.

• Loca l  sa  fety  inter lock  protect ion (such as  p ipel ine  overtemperature,  overpressure,  leakage).

3.7 Monitoring and Control System
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Second Layer: Centralized Monitoring Layer -  Core
q Funct ion:  Coord ina te  va r ious  sub sys tems  of  the  ent i r e  p l ant  to  ach ie ve  p roces s  au tomat ion  and  opt im ized  ope rat ion .

q Core Sys tem:  D i s t r i bu ted Cont ro l  Sys tem (DCS )  or  Programmab le  Automat ion  Cont ro l le r  (PAC) .

Typica l  Cont ro l  Loops  and  Subsys tems :

q Col lec tor  F ie ld  Contro l  Sys tem:

• Solar  radiat ion monitor ing:  Conduct  c loud prediction  and short- term ir radiat ion  forecast ing  based on a l l -

sky  imagers  and DNI  measurement  s tat ions .

• Whole-plant  d ispatching:  Ca lcu late  and i ssue the target o i l  temperature/sal t  temperature at  the out let  of  

the co l lector  f ie ld according  to the sun pos i t ion,  DNI  intens ity,  thermal  storage status , and power  

generat ion  demand.

• F low dis tr ibut ion  and temperature balance:  Adjust the  f lu id f low of  each  co l lector  loop to  ensure un i form 

and s tab le outlet  temperature of  the whole f ield.

3.7 Monitoring and Control System
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q Thermal  Storage  and  Heat  Trans fer  Sys tem Cont ro l :

• Switch ing  between heat  storage and heat re lease  modes:  Automat ical ly  switch  va lves  according  to 

s trateg ies  to determine whether  heat i s  used for  heat storage,  d i rect  power  generat ion,  or  a  combinat ion 

of  both.

• Leve l  and temperature contro l  of  molten sa lt  tanks :  Preci se ly  contro l  the level  and temperature of  co ld 

and hot  sa l t  tanks  to  prevent overf low or  empty ing  and opt imize thermal  storage  capaci ty.

• Ant i- so l id i f i cat ion protect ion:  Monitor  and manage the electr ic  trac ing  system of  the enti re  molten  sa lt  

loop (p ipel ines,  valves,  tanks).

q Power Generat ion  I s l and (S team-Power  Generat ion )  Contro l  Sy s tem:

• Steam generator  control :  The core is  to  mainta in stable steam pressure and temperature.  Thi s  i s  ach ieved 

by adjust ing  the mol ten sa lt/heat t ransfer  o i l  f low and feedwater f low (typ ical  three-element control ) .

• Steam turbine contro l :  DEH control s  the  speed and load,  cooperat ing  wi th the  steam generator.

• Auxi l ia ry  bo i ler  management:  Automat ical ly  put  the  auxi l iary boi ler  into  operat ion dur ing  s tartup or  

insuf f ic ient  i r radiat ion to ensure steam parameters

3.7 Monitoring and Control System
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Third Layer: Production Management and Optimization Layer
q Funct ion:  Conduc t  fo rward - look ing  d i spa tch ing  and  overa l l  p l an t  economic  opt imiza t ion  based  on  weather  f orecas ts ,  power  

g r id  e lec t r ic i ty  p r i ces ,  and market  s i gna l s .

q Core Sys tem:  P lan t - leve l  Mon i to r ing  I n fo rmat ion  Sys tem (MI S) ,  Product ion  Management  Sy s tem (PMS ) ,  advanced app l i ca t ion  

p rog rams.

q Typica l  Task s:

• Formula t i on  o f  power  generat ion  p lans  fo r  the  next  24 -72  hour s :  Comb ine  numer i ca l  weather  fo recas ts  t o  pred i ct  DN I ,  and  

fo rmu la te  op t ima l  power  generat ion  and  energy  s t o rage  p lans  cons ider ing  t he rmal  s to rage  s tatus ,  power  gr id  d i s pa tch ing  

i ns t ruc t ions ,  and  main tenance  p lan s .

• C loud cover  p red ic t ion  and  re sponse:  U se  a l l - s ky  imager s  to  p red i ct  c loud cover  5 -15  minutes  i n  advance ,  and i ns t ruc t  the  

co l lector  f i e ld  and power  genera t ion  i s land t o ad just  in  advance  to  smooth  power  f l uc tuat ions .

• Per fo rmance  ca lcu l at ion  and e f f i c i ency  ana lys i s :  Rea l - t ime cal cu la t i on  o f  the  ef f ic i ency  o f  each  subsy s tem and  the  whol e  

p lant ,  d iagnos i s  o f  pe r formance dev ia t i ons ,  and  gu idance  fo r  opera t ion  and maintenance .

3.7 Monitoring and Control System
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q Role:  

The cold-end of  the thermal cycle, crit ical  to overal l  plant eff iciency and power output.

q Core Functions:

• Condense  turbine exhaust  steam back into water,  re leas ing  waste heat .

• Create  and  ma in ta in  h i gh  vacuum (≈  −95  kPa ) ,  reduc ing  tu rb ine  back  p res su re  and  i nc rea s in g  power 

output (≈  1–2% gain  per  1  kPa reduct ion) .

• Recover  condensate  for  reuse as  boi le r  feedwater in  a c losed- loop cyc le.

q Key Benefi t :  

Act s  l i k e  t he  p lan t ’s  r ad ia to r,  r emov i ng  un u sed  h eat  t o  keep  t he  s t eam  tu rb in e  op era t i ng 

eff iciently.

3.8 Condensing System
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q Purpose:  

C o m p e n s a t e s  f o r  t h e  i n t e r m i t t e n c y  o f  s o l a r  e n e r g y,  e n s u r i n g  s t a b l e  a n d  r e l i a b l e  C S P  p l a n t  

operat ion.

q Key Functions:

1. Startup & Stabi l i ty:  Prov ides  heat  for  cold/warm startup and smooths  output dur ing 

short-term cloud cover.

2. Sys tem Protec t ion:  Prevent s  so l i d i f i cat ion  o f  mo l ten  sa l t/HTF and mainta ins  the rmal  s to rage  

in  hot  standby.

3 . G r i d  R e l i a b i l i t y :  S u p p o r t s  c o m m i t t e d  p o w e r  d e l i v e r y  w h e n  s o l a r  i n p u t  o r  s t o r a g e  i s  

insuff ic ient.

4 . Economic  Benef i t :  I nc reases  annua l  operat ing  hours  and enables  p rof i tab le  generat ion  dur ing  

peak-pr ice per iods.

q Overal l  Role:  

Makes the CSP p lant  d i spatchable,  re l iab le,  and more economical ly competit ive.

3.9 Auxiliary Energy System
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4. Scheme 2 / Schematic Diagram and System Composition

System Main Components Function

PV
PV modules, inverters, 

transformers, switchgear, 
transmission

Daytime 
electricity 
generation

CSP Refer to Scheme 1,
Nighttime firm 
power delivery

Hybrid 
Integration

Control system, 
combined substation

Time-shifted, 
dispatchable 

energy delivery

Hybrid CSP Trough + PV Solar Plant
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4.1 Main Components: Photovoltaic (PV) System

1. PV Arrays:
• Hundreds of rows of monocrystalline or polycrystalline solar modules arranged in a fixed-tilt or single-

axis tracking configuration.
• Optimized for high solar irradiance.

2. Inverters:
• Convert DC output of PV modules into grid-compatible AC electricity.
• Sized to match peak PV generation capacity.

3. Transformers & Switchgear:
• Step-up voltage to match grid connection requirements.
• Protect system and allow safe integration into the transmission network.

4. Transmission Connection:
• Medium-voltage lines from PV field to main substation.
• Integrated with CSP output at the plant substation for consolidated dispatch.
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4.2 Hybrid Plant Integration

1. Control & Dispatch System:
• Coordinates PV and CSP output to optimize grid delivery.
• Prioritizes PV generation during the day, while CSP output is ramped up in the evening.

2. Combined Substation:
• Merges PV and CSP AC outputs into a single high-voltage transmission connection.
• Facilitates streamlined PPA reporting and revenue tracking.

3. Energy Profile Optimization:
• Daytime: PV contributes most of the energy, reducing grid dependence.
• Evening/Night: CSP with 8-hour TES ensures firm dispatchable renewable power.
• Firm renewable generation during high-value demand periods

Time Active Technology

07:00–17:00 PV dominant

17:00–23:00 CSP (storage discharge)

23:00–03:00 CSP (storage tail)

Night off-peak Minimal
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q Cost  Advantage

Compared w i th  fu l l  CSP so la r  therma l  power  genera t ion,  the  

combined use  o f  photovol ta ic  and  CSP so la r  therma l  can  save  

approx imate ly  1 /3  of  the  co st .

qAlternative Configurat ion

With  the  inves tment  amount  o f  pure  CSP so la r  thermal  power  

genera t ion ,  the  hybr id  CSP +  photovol ta ic  sy s tem can  reach 

about  3  t imes  power  generat ion .

qMaximum f lexib i l i ty  for  future  market  and pol icy 

evo lut ion

• Thi s  conf i gurat ion ba lances  cos t  e f f i c iency,  

d i spatchab i l i ty,  and sca lab i l i ty,  mak ing  i t  the  most  

commerc ia l l y  compet i t i ve  and  s trateg ica l ly  robust  choice  

for  l arge- sca le  so la r  dep loyment.

4.3 Cost Advantage
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