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Abstract-The purpose of the study conducted in this paper is to realize the effects of various types of losses involved in 
primarily three types of solar thermal power plants viz. Parabolic Trough, Linear Fresnel and Heliostat power plant and to 
find out the best possible among them according to the plant efficiencies. System Advisor Model (SAM) [1] was used as an 
analyzing tool to conduct the studies. Although, the study does not take into account, the financial aspects of the systems, it 
will nonetheless provide an idea about the merits and demerits of these types of power plants. 
 
Index Terms- SAM, Energy Distribution 
 
I. INTRODUCTION 
 
Solar energy is the most readily available source of 
energy. A lot of countries have abundant sunshine. 
Harnessing this plenty of sunshine would make a 
noticeable impact especially in the lives of rural 
masses. Amid the growing demand for sustainable 
energy, concentrating solar power (CSP) technologies 
are on the verge of large scale global deployment. 
These technologies harness concentrated sunlight to 
generate electricity. In the coming decade, the CSP 
market is estimated to be worth over a billion dollars. 
The Government of India too has identified solar 
power as an important renewable energy resource and 
its commitment to develop solar power is reflected in 
the ‘National Action Plan for Climate Change’ 
wherein it has announced the ‘National Solar 
Mission’ as one of the eight missions to combat the 
challenges of climate change. 
 
a. Parabolic Trough Model- 
In this technique [2,3], a reflecting surface in the 
shape of a parabola is used to focus solar energy on a 
receiver carrying heat transfer fluid (HTF). This 
concentrators are Two-dimensional concentrators 
utilize Sun-tracking that focus solar radiation onto 
steel tubes through which a heat transfer fluid 
circulates.The heat transfer fluid gets heated and 
exchanges heat with water to convert it to steam. This 
steam is used to drive the turbines. 

 
Fig. 1.  Parabolic Trough Technology 

b. Linear Fresnel Reflector Model- 
This technique [2,3] is similar to parabolic troughs. In 
this case, various flat primary reflectors reflect 
towards a secondary reflector. This secondary 
reflector is of a shape of parabola and at its focus, is 
the receiver carrying HTF. This again transfers heat 
to water which in turn, drives the turbine. 

 
Figure 2. Linear Fresnel Reflector (LFR) 

 
c. Power Tower Model- 
This technique is different [2,3] than other models in 
which there is a single receiver, known as the tower 
upon which solar rays are concentrated using various 
flat mirrors, known as heliostats. This heliostat array 
directs the incident light to a receiver with continuous 
tracking of the sun’s position, consistently over a day. 
This concentrated sunlight heats the receiver and 
generates a substantial heat which is employed to 
drive a steam power cycle.  

 
Figure 3. Central Receiver Technology 
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II. SPECIFICATION 
 
The specifications which are kept same in all of the 
plants are explained below- 
 
a. Location – Solar angles (which depend upon 
longitude and latitude of location) and DNI data of 
Madras, India were used for the simulations. These 
are provided in SAM. 
 
b. Solar Area – The design area for all of the cases is 
kept constant and is approximately equal to 30000 
m2. The exact value of solar reflected areas could not 
be same over all types as the solar concentrators used 
were standardized and pre-defined in SAM and had a 
fixed value of area per concentrator. Therefore, the 
final area could only be a multiple of these areas. 
 
c. Heat Transfer Fluid – The heat transfer fluid 
(HTF) used in cases of parabolic trough and linear 
Fresnel was ‘Hitec’. The heliostat model uses molten 
salt (60% NaNO3 + 40% KNO3)  
 
d. Temperatures – In case of parabolic trough and 
linear Fresnel, inlet (230 °C) and outlet (525 
°C)temperatures of the HTF were kept exact as this 
would ensure heat required and convection losses are 
same in a given loop for same diameter of pipes (ID = 
0.0375 m). In case of heliostats, due a different HTF, 
the temperature values were changed but the 
difference between them is approximately equal to 
the earlier cases. 
 
e. Solar Concentrator Parameters – 
 

i. Parabolic Trough – EuroTrough ET150 was 
chosen directly from the SAM database. 36 
such heliostats in a row of 6 were used in 
simulation.  

ii. Linear Fresnel – Default setting with 
evacuated tube model is chosen. 

iii. Heliostat – A square heliostat of 12.2 m side 
was chosen for simulation.  

 
f. Power Cycle Efficiency – Although, the 
comparison was to be done of only thermal outputs, it 
was observed that the thermal output may change 
because of prior assumptions made in SAM about the 
power cycle. Hence, the power cycle efficiency was 
kept constant and equal to 0.38. 
 
III. RESULTS AND DISCUSSION 
 
After entering the required values, the simulation is 
run. Various output parameters are given by the 
software. Out of which, the important ones are 
collected to find an energy balance. These parameters 
are explained in short below- 
 

a. Incident Energy – This energy is calculated based 
on the weather data of the place (Madras, India in this 
case) and the area of the field. It is simply calculated 
by multiplying the direct normal irradiance (DNI) 
with the area for each of the hours. 
 
b. Cosine Loss – This is the loss in energy due to the 
non-normal rays falling on the parabolic troughs and 
linear Fresnel as they are of single tracking mode. In 
case of heliostats, although the reflectors are two-axes 
tracking, they have to reflect to the tower located at a 
fixed point at any point in time. Therefore, this 
tracking also contributes to some cosine losses.  
 
c. Geometric Loss – These consist of shadow loss 
and end loss. The shadow loss occurs when the 
shadow of a concentrator falls on the one following it. 
The end loss occurs at the end of the loop where the 
reflected ray, although focused, is reflected out of 
range of the receiver. 
 
d. Optical Loss – This loss occurs due to the 
imperfect reflection properties of the reflector. These 
losses are based on the material used for 
manufacturing the concentrators and are mostly fixed 
for a given type of collector and size. 
 
e. Receiver Loss – These consist of the loss of heat to 
the surroundings due to convection in cases of 
parabolic troughs and linear Fresnel. As the loops are 
long in length and the temperature of the HTF is 
much more than surroundings, these losses contribute 
significantly in calculations. 
 
f. Inertia Loss – The energy involved for heating of 
the components like receiver to the operating 
temperature is lost as it is not used for production of 
electrical energy. This loss is known as inertia loss. 
This has an almost fixed value and chiefly depends 
upon surrounding temperature. 
 
g. Header Loss – This is the convection loss in the 
header pipe which carries the HTF coming from the 
outlets of all the loops. Although, this loss is not as 
significant as other losses, it is calculated for accurate 
determination of the thermal output. 
 
h. Tower Loss–The heliostat power plant contains a 
loss in energy due to the piping in the towers. This 
can be considered as a counterpart to the header loss 
in cases of parabolic trough and linear Fresnel 
models. 
 
The percent losses and the final output energies are 
shown in the following table.The energies are in 
terms of yearly obtained energy in terms of Gigawatt-
hour. The values which are not present are because 
SAM[1] does not give the individual losses in some 
cases.  
 

http://iraj.in


International Journal of Mechanical And Production Engineering, ISSN: 2320-2092,        Volume- 5, Issue-3, Mar.-2017 
http://iraj.in 

Quantitative Comparison of Various Types of Solar Concentrator Power Plants 
 
9 

Table 1. Important Energy Losses in Plant 

 
 
IV. OBSERVATIONS 
 
a. Geometrical Losses – 
The tracking required for a parabolic trough is much 
easier than the other cases as all the parabolic troughs 
have the same tracking angle at any one point in time. 
In contrast, the reflectors of heliostat and Fresnel 
models need different positions even at single time. 
As there is more chance of error, the cosine losses 
increase for the latter cases. Hence, there is 
significant amount of more loss in terms of 
geometrical losses in heliostat and Fresnel models. 
 
b. Thermal Losses – 
The receiver loss depends on the length and number 
of receiver pipes as well as their material and 
insulation. As the Fresnel model requires less piping, 
its receiver loss is lesser than other cases. 
Additionally, as the piping is less, the thermal inertia 
requirement is also less and hence the inertia loss for 
Fresnel also decreases. However, the efficiency 
gained by these parameters is offset by the 
geometrical losses. 
 
c. Field Efficiency – 
After subtracting various losses from the incident 
energy, output thermal energy is calculated. As the 
losses in case of parabolic trough model are the least, 
the field efficiency of that model is the most and is 
equal to 50.162 %. The efficiencies of Fresnel and 

heliostat models are almost equal but are 
considerably lower than the first model. 
The following graph (Figure 4) shows the energy 
distribution of all the power plants which helps in 
better understanding of the comparison.   

 
Figure 4.Energy Distribution in Various Plants 

 
CONCLUSIONS 
 
The comparison done shows that the parabolic trough 
model is the most efficient technology for 
concentration of solar power on a large scale. 
Although the comparison is done solely on the basis 
of technical parameters and the other deciding factors 
such as cost of total land, manufacturing of the 
equipment, the maintenance of the plan were not 
taken in consideration, this comparison reasonably 
establishes the merits of parabolic trough over other 
concentrators.Better pipe material in the future will 
also help in decreasing the thermal losses of the 
parabolic trough plant and will provide a definite 
edge over its counterparts. 
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