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ABSTRACT. To investigate into the cost/benefit analysis of sun-tracking 

PV systems as compared with fixed arrays, an experiment is under way at 

Adrano PV Plant to look into the performance of actually operating 

systems. This paper reports both theoretical evaluations on energy gain 

achievable with tracking PV plants and actual data collected over a year 

of continuous operation. Such data allow an analysis of financial 

viability, herein presented for a particular PV installation. 

1. INTRODUCTION 

^ 

Within the framework of the Adrano PV Project (1), which is being 

conducted by ENEL and Conphoebus and is supported by the Commission of 

the European Communities, a research programme is under way to look into 

the respective merits, under real operating conditions, of tracking PV 

systems as opposed to fixed flat plate arrays. 

This research has so far mace it possible to collect data on three 

systems, about 2.5 kWo rated, operating in parallel over a period of 

more than one year, which have enabled a thorough analysis to be made of 

the effectiveness, and led to significant evaluations on the operation 

of tracking systems. 

This paper, after a theoretical study on the energy gain obtainable 

v/ith various tracking systems, describes the plants in operation at 

Adrano and presents the energy data resulting from one year of actual 

operation of the three systems being compared. 

A possible analysis of their financial viability is also presented. 

2. TRACKING VERSUS FIXED PV ARRAYS: COMPUTER MODEL EVALUATIONS 

Fig. 1 hereunder shows the five 

diagrams of which are presented. 

systems considered here, schematic 
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System 

a 
b 
c 
d 
e 

Azimuthal 

Orientation 

South 

South 

tracking 

tracking 

tracking 

Zenithal 

Orientation 

30° 
tracking 

30° 
30° 

tracking 

Rotation 

Axis 

none 

E-U horizontal 

M-5 30° tilted 

vertical 

2 axes 

Fig. 1 - The five systems considered for the computer model evaluations 

The calculations that follow refer to the solar energy data 

recorded in Sicily over a period of 20 years from which the "average" 

year was selected. 

The use of computer codes (2), operating on an hourly basis, made 

it possible to process the data available (daily global horizontal 

irradiation and number of daily sunny hours) and to compute the 

integrated values of the solar energy incident on the different fixed 

and tracked planes, in respect of each of the five systems considered. 

These calculations produced the figures listed in Table I here-

A % represents the gain in annual 

systems as compared with the fixed 

under (one year's values), where 

energy collection of the tracking 

system "a". 

The sane calculations based 

on different solar data led to 

considerably different absolute 

figures, but ̂ J % values remained 

substantially uncharged. 

It must be noticed that these 

figures, while relating to a real 

meteorological year, represent 

"solar geometry" data, and do 

not, therefore, take into account 

the technological characteristics 

of the devices required for tha 

aforementioned tracking systems. 

TABLE I 

Irradiation available to the 

various tracked and fixed 

surfaces (yearly computed 

values) 

System 

a 
b 
c 
d 
e 

(kWh/sqm/y) 

2050 

2269 

2955 

2665 

3079 

A % 
0.0 

•10.7 

+44.1 

+30.0 

+50.2 
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3. TRACKING VERSUS FIXED PV ARRAYS: ONE YEAR'S OPERATING RESULTS AT THE 

ADRANO PLANT 

\ 

As illustrated in the 

sketch in Fig. 2, the 

three physical systems 

compared (see charac

teristics in Table II), 

which are in operation 

at the Adrano Plant, 

have about the same 

power and are connected 

to the grid through 

three identical MPPT 

inverters (3), which 

provide perfectly sym

metrical operation for 

the various PV genera

tors. 
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Fig. 2 - Sketch of the three systems 

at the Adrano PV Plant 

TABLE II - Main characteristics of the three systems installed at the 

Adrano plant 

sys. operat. 

a az.South 

e l . 30» 

d az.track. 

e l . 30» 

e 2 ax. 

track. 

type of 

cells 

10x10 ca 
seaicr. 

10x10 ca 
seaicr. 

10x10 ca 

seaicr. 

type of 

aodules 

36 cells 

2 glass 

20 cells 

2 glass 

20 cells 

2 glass 

n° of 

•odules 

88 

U t 

W* 

tot.aod. 

area 

39.5 a2 

37.2 a2 

37.2 a2 

rated 

voltage 

129 V 

132 V 

132 V 

rated 

current 

22.8 A 

18.6 A 

18.6 A 

•odule 

•anuf. 

Ansaldo 

AEG 

AEG 

systea 

aanuf. 

Ansaldo 

MAN 

NAN 

The two automatic tracking systems (4) have the following main 

functions: 

- Tracking start-up with irradiation threshold equal to 200 W/sqm 

- Tracking of sun with precision of •/- 5° 

- Horizontal positioning under cloudy conditions for maximum collection 

of diffuse irradiation 

- Horizontal positioning for protection against strong wind. 

A high-precision data acquisition 3ystem (5) makes it possible to 

record all the electrical, thermal, and neteorological quantities that 

characterize operation of the plant (37 channels recorded on cassette; 



15 mins. integration period). 

After a year of operation, the data effectively available cover 

about 90% of total tine. 

Fig. 3 shows the weekly integrated energy values (52 data) for each 

of the three systems compared (expressed in p.u., i.e. related to 1 kWp 

power for each system, for comparison purposes). 

Fig. 4 shows the percentage of energy gain in the tracking systems 

as compared with the fixed array,according to the data reported in Fig.3. 

The complete figures for a whole year, are given in Table III. 

Fig. 3 

Weekly mean energy 

production of the 

three systems com

pared 

Fig. 4 

Weekly energy gain 

in tracking systems 

as compared with 

fixed array 

1t.t7.l7 

TABLE III - One year's energy production of the three systems in 

operation at Adrano Plant (from 28.2.07 to 26.2.88) 

| System | Energy production 

1 | p.u. (kWh/kWp/y) 

(Fixed (a)| 1683 

|l-axis tracking (d)| 2010 

|2-axis tracking (e)| 2257 

Difference 

(%) 
0.0 

+19.4 

+34.1 

http://1t.t7.l7
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AS will be seen, the real operating results in respect of physical 

systems (Table III) are considerably lcwer than the theoretical energy 

gain values for mobile surfaces (Table I), since they were determined by 

the operating characteristics of the plants, such as the tracking limit 

thresholds, the protections, the variations in performance with 

temperature, the dust and pollution effects, etc. 

However, the theoretical values remain valid for purposes of com

paring the different systems, and may be regarded as limits for ready 

reckoning purposes, as well as for possible technological objectives. 

4. COST EVALUATION 

For obvious practical reasons relating to installation and maintenance 

costs, it would hardly be worthwhile setting up tracking systems in 

photovoltaic plants for isolated users or small communities, where one 

of the main advantages of photovoltaic over other possible energy 

sources is that the plant is completely static. 

In the case of large power plants, however, it might be worth 

assessing the financial viability of tracking rather than fixed systems. 

The cost comparison, which means calculating the cost of a k'Jh 

produced with the various systems, is difficult, inasmuch as it depends 

on many different factors, such as latitude, meteorology (solar energy 

availability and direct to diffuse radiation ratio), cost and type of 

lane, mass production of systems, cost of PV modules, possible use of 

reflectors and/or concentrators, O&M cost, reliability, discount rate, 

lifetime, etc. 

This therefore means assuming a whole lot of factors that limit the 

validity of the conclusions arrived at in each individual case. 

The following evaluations consider PV plants characterized by: 

- number of generation units installed: 1000 

- peak pov/er per unit: 5 kW 

- type of structures: one colum flat plate panels 

- conversion efficiency of modules: 10% 

- site: flat uncultivated land 

- location: Sicily 

- daily mean global irradiation on horizontal surface: 4.5 kWh/sqm/d 

- fixed systems: 30° tilted 

- tracking systems: two axis tracking 

- cost of land and clearance: negligible 

- lifetime: 20 years 

- discount rate: 5% 

Assuming all the foregoing, and given the same installed peak 

power, two realistic assumptions of tracking additional costs have been 

considered (a and b), combined with two assumptions of energy gain in 

tracking vs fixed systems (al, a2 and bl, b2). 

Table IV shows the results of the cost analysis performed. 



TABLE IV - Trackinp vs fixed PV systems: results of the cost analysis 

performed 

ondula* (BCU/kMp) 

structura» (ECU/kNp) 
•'aountlng 

track, aloctr. (ECU/kNp) 
and aanaoi a 

•Khan. t oi l -hydr. (ECU/kMp) 
davica* 

total annual (ECU/kMp) 
capital coat 

••intanane* (ECU/kWp/y) 

to ta l annual coat (ECU/kNp/y) 

tracking ( * ) 
•narar ta in 

coat of cnarfjr (ECU/kMi) 
(vlttMut power 
conditioning) 

FIXED M U T 

4000 

1000 

400 

400 

0.22 

TRACKING SYSTEMS 
aaauaption a: 
loo additional 
trachino, coats 

4000 

1000 

200 

650 

470 

50 

520 

aaauapt. a l : 
hlEh gain 

* SO 

0.19 

aaauapt. a2: 
low «ruin 

* 30 

0.22 

aaauaption b: 
Mah additional 
trackine costs 

4000 

1500 

500 

1500 -

600 

100 

700 

assuapt. b l : 
high jjoin 

• 50 

0.26 

aaauapt. b2: 
low pain 

* 30 

0.29 
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