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Power Generation:
attractive application of
solar thermal energy
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Low Temperature System
Flat-plate collector, Solar
Chimney, Solar Pond

Low efficiency and hence high cost



Medium Temperature System

Cylindrical Parabolic Concentrator
(Trough Concentrator)




High Temperature System
Paraboloid Dish
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Plant in operation

Technology Capacity
(MW)
Trough 2983
Tower 465
Fresnel reflector 46
Dish Stirling 2.5




Now operational . 3651 MW
Under construction : 2464 MW
Announced 10 GW

Global CSP Prediction:
25 GW by 2020



|IT Bombay initiative

. Install and operate megawatt scale
plant
(medium temperature route)

. Develop a national test facility

. Software package

Objective: Galvanise technology
development and create
knowledge base



Project Objectives

. 1 MWe Solar Thermal Power Plant
- Installation of 1 MWe plant.
- Generation of Electricity for supply to the grid.

e National Test Facility
- Development of facility for component testing
and characterization.

 Development of Simulation Package
- Simulation software for scale-up.



Consortium: Functioning Mode
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Simplified Process Flow Diagram
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Plant: conceptualisation,
design, installation and
operation

Plant




Commissioning Experience

Commissioning

Experience
'q l
Operational Problems Equipment Problems System Problems
.| NRV at BFP Exit N HTF Freezi
Re-::?;u;r Tgbe Lglakage Leakages in Instrument UPS and Solar Tracker
— W_E"; t;;:ewsr a'ﬁh "] Stub Connections i Failure
Inaow treaxkage o e
LFR system .
: ) Leakages in
. Compressed Air Piping
Water eqry in-
Instrumentation Airline — ;
Communication Failure
» between Level | and
>  Dry Runof BFP =l
Passing of Steam from

| Steam System Valves

Classification of commissioning experience




Commissioning problems in
chronological order

Receiver Tube Leakges and
Receiver Glass Window

Compressifl Air Piping Breakage of the LFR System
. * . *
Communication Failure Steam system Valves
Between Level | and Leue)!l
_ Leakges in
Water Entry in UPS and Solar Superheater | | eakages in
Instrument air Line NRV Failure Tracker Failure HTF Freezing knstrument Stub
‘ [ T Connections Dry Run of BFP

Site Work Started
b Oct2012 Nov2012 Dec2012 Jan2013 Feb2013 Mar2013 Apr2013 May 2013 Jun 2013



Solar Thermal Simulator

 Unique Features:
o Simulation of user defined plant configurations
o Design point as well as off-design simulations
o Cost analysis

5= Solar Thermal Power Plant Simulator o | B (S|
File Edit View Run FParameiers Help
FTW  ZM PN e Stream  Multiple Selection

Equipment
[ Collector
[ splitter
[ turbine
[ Mixer
[ HeatExchanger
[ Pump
|7 Storage Vessel
[0 Steam Separator
8 Pipe Flement
[P} Pressure Reducing Valve
[ suriliaryBoiler

[ Steam Trap

- P -
I Simubaioy

Version v 2.0

Open Sample Process Flow Diagram

Sample PFDL Thermic Fluid based Indirect Steam Generation Power Plant with Regeneration

Sample PFD Thermic Fluid based Indirect Steam Generation Power Plant with Reheat

Sample PFD3 Thermic Fluid based Indirect Steam Generation Power Plant with Reheat and Multiple Regeneration
Sample PED4 Direct Steam Generation Power Plant (assisted by awiliary boiler) with Regeneration

Sample PED3 Indirect Steam Generation (assisted by ausiliary boiler) for Process Heat Application

Sample PFD§ Direct Steam Generation (assisted by awiliary boiler) for Process Heat Application

Open existing Process Flow Diagram Create Process Flow Diagram

Getting Started
+ Open any of the six sample process flow diagram for steady state simulation.
+ Double click the equipment and stream node to know its parameters and to make

+ Parametric study can be done by changing the system parameters, such as, location, stream
parameters, control variable, equipment model parameters, efc.

+ Save the file (even if no changes are made) and click 'Run Simulation' for getting
+ The results will be displayed in tabular format.

* Usage of this Software is governad by the licence agreemant

Main User-Interface

Input Conirol

[Z] Location

(] Climatic Parameters
Equipment

EJ Simulation Input

[2) Save PED

[ Cost Data

2 Run Simulation

[ Result -

I Graph

[l Status :

[ Unit Selector



Dish Concentrator

Test i e

Testing




Summary

Unigue Features

Plant:

1. Conceptualisation, design, engineering and
control: Indigenous, no black box approach

2. Grid-connected

3. Two solar technologies (PTC and LFR)

4. Two working fluid (Therminol VP1 and water)

5. Buffer oil storage (about 30 minutes)

6. No auxiliary source
Challenges: operation and control




Unique Features

o Test facility: one of the largest
Test loop integration
with the plant

e Simulation and optimisation package:
validation and scale-up

e Consortium mode

« Documentation and experiences in open
domain (planned)

« Human capacity building



Research and Development

 Scope: Beyond the current power plant

e Goal: Facilitate Cost effective solar thermal
power generation

Example Areas: Storage, coatings, controls,
tracking, collector materials, weight, cost, test
Indigenous PTC designs



Thank you



