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ABSTRACT

So many experimental demonstrations has been
introduced the performance of SSPs is largery based. The
followings must be considered :

-Almost all the SSPs were operated under different
conditions;
-All the thermal SSP technologies are in general of different
maturities ,each technology representing only the 1 st or 2
nd generation development status reached after 10 -15
years development efforts.

Performance in terms of energy produced and
ultimately in terms of cost for productionof or revenue
achieved are the bottom line criteria for a comparison of
power plant economics.In the past peak power efficiencies
of systems, subsystems and components were frequently
employed for this purpose. With caution, the transfer
function based on aggregate daily net energy output to daily
solar direct irradiatiön input may be used for an efficiency­
based performance comparision.Such transfer functions can
make technology specific distinctions and relative
performance differences apparent.
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INTRODUCTION 

In parallel with rising interest in solar power generation,
several solar thermal facilities of different configuration and size
were built, operated, and evaluated in the last decade and a half.
Some of these facilities were of exploratory, first-of-a-kind or
demonstration nature, in some cases designed merely as
engineering experiments for the purpose of gaining performance
and operating data at the subsystem and overall plant level. Most
facilities were designed as modest-size experimental or prototype
solar power plants (SPP) for producing electricity, in a few cases
also for cogenerating thermal energy. Of all solar thermal
technologies investigated, SPPs using parabolic trough
concentrators were the first to reach sufficient maturity to be
constructed on a commercial basis in a favorable regulatory
environment.

In this chapter, selected examples of the major technology
lines of thermal SPI's are presented; also, major experience and
lessons learned from experimenting with and operating such
systems will be excerpted. This experience base is still
fragmentary and, in sôme cases, preliminary - a fact not
surprising considering the different approaches attempted and the
first-generation technologies frequently involved, However, the

.. data base is broad enough to identify major system operating
characteristics, and to allow, with reasonable confidt,nce, an
extrapolation of future thermal SPP performance with mature
technology under good solar resource conditions.
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1. FARM SOLAR POWER PLANTS WITH LINE­
FOCUSSING COLLECTORS

Using line-focussing parabolic troughs, a solar thermal
power facility of about 35 kWmech capacity was demonstrated
successfully as early as 1913 in Egypt . This facility had 1,233 m2
of collector aperture and was designed for pumping water for
field irrigation. Disturbances by World War I arrd the advent of
the 'oil economy' stymied any subsequent development efforts.

Development activities started again in the mid 1970s in
response to the sudden oil price increase. R&D programs financed
by industry and governments spawned a multitude of alternate
designs of collectors and SPP system approaches.

Technological progress of line-focussing collector
technology can be illustrated by three significant examples:
• the 150 kWe facility at Coolidge/AZ, USA (1979), the first
solar thermal full experiment to demonstrate automated operation
in an actual application environment;
• the 500 kWe experimental Small Solar Power System plant
in Almeria, Spain ( 1981) designed, built and operated as a
collaborative R&D project under the auspices of the International
Energy Agency (IEA-SSPS); and
• the 30 MWe Solar Electricity Generating Systems (SEGS
11-VII; 1985-1989), developed commercially by a group of
American, Israeli and German companies and marketed by Luz
International Inc., Los Angeles/CA, USA.

1.1 PLANT CONFIGURATIONS

System diagrams of the early 500 kWe IEA-SSPS facility
and of the SEGS VIII plant, lustrative of the most advanced
commercial design, show the typical plant lay-out and evolution
in the design (Figs. 7 .3 and 7.4); some observations can be
highlighted:
• Each collector field consists of parallel loops of individual
parabolic trough collectors -series. Heat transfer medium (HTF) is
thermo-oil (suitable up to 300 C) or synthetic oil (stable up to
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400 C; more expensive by a factor of 10). Water/steam as HTF is
not yet used (advance development in progress).

The advantage of oil as primary HTF is a low vapor
pressure, resulting in operating pressures<5 bar. The disadvantage
of oil is the low viscosity at low temperatures, which is critical at
start-up after the plant has cooled down. By temperature
stratification, oil offers the advantage of one-tank thermal energy
storage of small to medium capacity (thermocline principle), but
application is constrained for cost reasons, and by the limited
temperature range of thermo-/synthetic oils.
• Small collector fields need some amount of storage to allow
operation of the power conversion unit (PCU) independent from
changes in oil temperature as a conseqence of irradiation
transients. The oil inventory of large collector fields, particularly
if in hybrid combination with one or more fossil-fueled
water/steam heaters, provides sufficient operational flexibility
without buffer storage.
• For maximizing annual generation, yet minimizing size and
cost of collector fields, thermodynamic conversion must be as
efficient as possible for the solar-induced broad range of
operating conditions. Taking advantage of off-the-shelf PCUs for
cost reasons, early small-capacity cycle designs tended to be
rather straight-forward and not well adopted to variable operating
conditions. The large SEGS hybrid systems in use today incorpo­
rate highly sophisticated cycle configurations with (solar and/or
fossil) superheating, arid PCUs specifically adapted to solar
operating conditions.

•
In this context, wet cooling is essential for best possible

cycle efficiency. In sunny but arid regions, scarcity of water may
necessitate that dry cooling be used for large thermal SPPs,
affecting annual plant performance.
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1.2 SYSTEM EXAMPLES

(a) Coolidge solar thermal irrigation project. This 150
kWe irrigation facility, located at the Dalton Cole Farm in
Coolidge/AZ, was designed for feeding electricity into a local
grid from which an irrigation pump was operated. The system ran
from late 1979 to late 1982 in a hybrid mode, and daily
performance data (available irradiation, thermal energy collected,
natural gas used, electrical energy generated) were recorded. In its
last year, the plant functioned automatically with merely one staff
technician who, for safety reasons, was needed to supervise PCU
start-up.

The Coolidge data show that performance of the solar plant
(net generation, efficiency, collector field availability) improved
over the three years of service.Other major operating observations
with relevance for future SPPs were :

-The original Coilzak aluminum reflective surfaces
deteriorated rapidly within one year; these surfaces were
subsequently covered with a second-surface aluminized acrylic
film (FEK.244) which proved optically effective (long-term
performance and durability were not established).

-Demineralized water must be used for wet mirror cleaning
(reflectivity of collector surfaces washed with hard water was
lower than of those left dirty);

-Flexhose and pump seal leaks were found to be
safety/reliability hazards, causing two fires;

.. -Mechanical motor drives have to be of adequate quality
(many drive motors and pump seals failed).

(b) IEA-SSPS. The experimental parabolic trough IEA­
SSPS farm plant was designed for 500 kW. net generation at 920
W/m2 irradiation at equinox noon (Fig. 7.3). For side-by-side
performance comparison, two different collector types were
installed in three collector fields. For the same reason, two
therrnocline storage vessels, one with dual media, were
incorporated and provided storage capacity equivalent to 0.8/0.37
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MWhe. A steam turbine generator was. selected in preference to
an ORC-based power conversion subsystem. One collector field
consisted of one-axis tracking collectors with < 1 mm thin glass
second-surface (S/S) sili mirrors glued onto a flexible steel
substrate. The other two fields were made up of two-axes tracking
modules, each carrying four line-focussing troughs formed of
sagged-glass S/S silvere mirrors. The sagged-glass concept was
used later in the design of the Luz solar collector assemblies (see
below).

•
•
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