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Time for India to Catch Up

G M Pillai

olar thermal power generafion using concentrating

collectors, commonly referred to as concenirating solar
power (CSP), involves the conversion of solar radiation to
thermal energy, which is then used to run a conventional power
system. Solar thermal is a viable alternative to conventional
energy systems and depending on the particular technology, is
sUited to either distributed generation on the kKW scale or to
centralised power generation on scales up to several hundred
MW. CSP systems use parabolic trough concentrating
collectors, power towerheliostat configurations, and parabolic
dish collectors. An altemative system that uses Fresnel
concentrators is also emerging. Parabolic trough, power tower
and Fresnel systems typically run convenbional power units,
such as steam turbines. Parabolic dish systems power a small
heat engine at the focal point of the collector.

1. THECSPTECHNOLOGY

Parabolic Trough: Parabolic trough-shaped mirror reflectors
are used to concentrate sunlight on to themmally efficient
receiver fubes placed in the frough's focal line. A thermal
transfer fluid, such as synthetic thermmal oil is circulated in these
tubes. Heated to approximately 400°C by the concentrated
sun's rays, this oil is then pumped through a series of heat
exchangers o produce superheated steam. The steam is
converted to electrical energy in a conventional steam turbine
= ~,generator, which can either be
part of a conventional steam
cycle or integrated into a
combined steam and gas
turbine cycle

Central Receiver or Solar Tower: Acircular array of heliostats
(large individually tracking mimors) is used to concentrate
sunlight on ko a central receiver mounted at the top of a tower. A
heat-transfer medium in this central receiver absorbs the highly
concentrated radiation reflected by the heliostats and converts
it info thermal energy o be used for the subsequent generation
of superheated steam for turbine operation, To date, the heat
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NEXT BIG THING: CONCENTRATING SOLAR THERMAL ELECTRICITY

transfer media demonstrated [ e
include waterfsteam, molten salts,

liquid sodium, and air. If
pressurised gas or air 1s used at ' i
very high temperatures of about | o ¥ 1 5 B & &7
1000°C or more as the heat

transfer medium, it can even be used to directly replace natural
gasin a gas turbine, thus making use of the excellent cycle {60%
and more) of modem gas and steam combined cycles.

Parabolic Dish; A parabolic dish-shaped reflector is used to
concentrate sunfight on to a receiver located at the focal point of
the dish. The concentrated beam radiation is absorbed into the
receiver to heat a fluid or gas (air) to approximately 750°C., This

fluid or gas is then used to
generate electricity in a small
" piston or Stirling engine or a
m"*'@ micro turbing atfached to the

; receiver
Frensel Collectors: A Linear Reflector (LFR) array is a line
focus system similar to parabolic troughs in which solar
radiation is concentrated on elevated inverted linear absorbers
using an array of nearly flat reflectors. With the advantages of
low structural support and reflector costs, fixed fluid joints, a
receiver separated from the reflective system, and long focal
lengths allowing the use of conventional glass, LFR collectors
have attracted increasing attention. The technologyis seenasa
lower cost allernative to trough technology for the production of

solar process heat and steam
For power generation, where

higher steam temperatures are ‘
needed, LFR must still prove its --' -

cost effectiveness and system BEleRE ST ST S
reliability PR

Parabolic trough and power tower solar systems generate
high-pressure steam to drive conventional steam turbine
generators in sizes from 30 MiWe to 200 MWe or can be used to
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augment combined-cycle power plants. These systems achieve
peak solar-to-net-glectric system efficiencies of over 20% and
use about 5 acres (or 2 hectares) of land for each MWe of
capacity installed. One square kilometer of land is enough to
generate as much as 100-120 gigawatt hour (GWH) of
electricity per year. Power supply during a typical summer day
remains constant from early moming to early evening. An
important characteristic of frough and tower systems is their
ahility to dispatch power on demand by using a thermal storage
system or augmenting solar energy with a fossil-fired boiler
Because time-of-use prices of electric power can be
significantly higher at peak times, the value of the solar energy is
enhanced, and the predictable output is better for planning and
matching peak demand. Thus, solar thermal plants with cost-
effective storage or natural gas hybnidisation can deliver power
to the utility grid when that power is most needed, not just when
the sun is shining. The advantages and disadvantages of the
three main technologies are given below in Table 1.

2.PROJECTSUNDER CONSTRUCTION & FUTURE

Solar thermal power plants have been considered fo be a
suitable commercial-scale technology for generating cost-
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effective power plant electncity from solar energy, since the enc
of the 1980s. Since the beginning of the 1990s, solar powel
plants have been feeding 354 MW peak-load electriciy
onginating from the Mojave Desert into the California grid, with
power generation costs of less than 0.15 USS/kWh. However
after the Israeli manufacturing company, LUZ Intemational
Limited went bankrupt at the end of the 1980s, not much was
heard about this technology for a long time. It was only with the
realisation that large amounts of CO.-free electricity needs to be
generated quickly to provide efficient climate protection thal
new opportunities opened up for solar thermal energy
Encouraged by various subsidy schemes, solar thermal powet
plants are again being built in different places throughout the
wiorld.

If the announcements of the relevant industries are anything
to go by, such as those made at the CSP Industry Forum held
during the International Solar Energy Conference 2005 in
Florida, then these are just the tip of the iceberg of numerous
solar thermal power projects that are about to be constructed
around the world. The fact that this is no mere marketing gag is
demonstrated by the long-term electnicity supply agreements

Table 1: Comparison of Solar Thermal Power Technelogies

Parabelic Trough Central Receiver Farabolic Dish

Applications Grid-connectsd  plants,  mid fo Grid-cannectsd  plants,  high | Stand-alons, small, offgrid power systems
high process heat  (Highest single unit termperature process heat (Highest | or custersd to larger grid-connected dish
solar capacity 1o date: 80 Mite) Total single unit solar capacity fo date: | parks (Highest single unit solar capacity to
capacity built: 354 M. 10 MWe) Total capacity built: about | date; 25 ke, recent designs have about

11 MW, 10 EW unit size).

Advantages » Commercially available - over 12 » 500d mid-term prospects for | » Very high conversion efiiciencies - peak
billion kKWh of operational experience; high conversion efficiencies, solar to net electric conversion aver 0%
operating femperatune potential up operating temperature potential | »  Modulariy.

S00°C (400*C commercially proven) beyond 1000°C {565°C proven | » Hybrid operation possible.
k Commercially proven annual nat al 10 MW scale) » Cperstional experience of  first
» Plant efficiency of 14% (solar radiation | » Storage at high temperatures. demaonstration projects.
to net electric output). + Hybrid operation possible.
» Commercially proven imvestment and
nperating costs.
k- fiadularity
k Bast land-use factor of all salar
techmolagies
» Lowest materials demand.
¥ Hybrid concept proven.
¥ Storage capability.

Disadvantages | The use of oil-based heal fransfer media | Propecled annual  performance »  Reliability neads 1o be impraved
resiricls operating temperatures today to | values, investment and operating | » Projected cost  goals of  mass
400°C, mesulting in anly moderate steam | costs slill need 1o be proven in production still nesd 1o be achisved.
qualdies commercial aperation,
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