Sun Tracking
Photovoltaic System
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Energy from the Sun

Solar Energy is a form of renewable energy
which is abundant in our environment. The use
of solar energy can help reduce greenhouse
gases emission so as to combat climate change.

Solar energy can be utilized in many ways.
One of the common ways is to make use
of photovoltaic (PV) technology to generate
electricity from solar irradiation of the Sun. This
technology has been increasingly in use in Hong
Kong to generate clean energy.
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Ways to Improve Electricity
Generation of a PV System

The majority of PV modules use crystalline
silicon cells to convert solar energy into
electricity and more recently, thin-film type
amorphous silicon cells are increasingly used
in PV systems. Conversion efficiency of PV
modules generally ranges from 6% to 19% for
commercially available PV modules on the 2010
market, with the thin-film type at the lower
end and the mono-crystalline silicon type at the
upper end.

To improve electricity generation of a PV system,
we could either use higher conversion efficiency
PV modules or allow the system more chance
to be exposed to the solar irradiation. A simple
and economical approach to improve electricity
yield can be realized by incorporating a sun
tracker into the PV system to maximize the
exposure of the PV panels to solar irradiation
thus increasing the electrical energy yield.

This pamphlet will outline the basic principle of
a sun tracking PV system, types of the system
and the issues to be considered when applying
such system. A case study will also be included
in this pamphlet for reference.
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How Does a Sun Tracking PV
System Work?

The output power of a PV system depends
on intensity of solar irradiation falling directly
onto the PV panels. For conventional PV
installation at a fixed angle with the horizontal
(say, around 22° in Hong Kong), PV panels will
receive the most solar irradiation when they
are perpendicular to the sun ray. However, the
PV panels are only perpendicular to the Sun for
a short period at noon each day. In the other
time periods, the panels receive lesser solar
irradiation at a factor equal to the cosine of the
sun ray incident angle () as illustrated in Figure
1 and solar irradiation received is lowest at
sunrise and sunset.

PV panel
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Intensity of solar irradiation at PV
panel fall onto the PV panel = solar
|rrad|at|on from sun x cos e
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Figure 1. Solar irradiation fall onto the PV panels is related to the cosine of the sun ray incident angle (8)
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Sun tracker is a technology for turning the
orientation of PV panels such that they can
always face the Sun at a very small incident
angle so that the energy yield can be enhanced.
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Types of Sun Tracking System

There are two types of tracking devices: those
with single-axis tracking and those with two-
axis tracking. A single-axis tracker has one
degree of freedom that acts as an axis of
rotation. It is typically aligned along the true
North meridian and would rotate from East to
West over the course of the day as shown in
Figure 2. Inclination of the PV panels on the
tracker would be adjusted manually at some
periods of time (periodically every month or
quarter of the year), to match the sun path at
different months or seasons.

(a) PV panel faces east in the morning
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Axis of rotation
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(b) PV panel rotates to face west in the
afternoon following the sun position
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Figure 2: lllustration of a typical single-axis tracker rotating the PV panel gradually from east to west during the day
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Solar Energy Application Tips. Harness solar heat with solar thermal collector for water heating applications.




A two-axis tracker (sometimes called dual-axis
trackers, as shown in Figure 3) has two degrees
of freedom that act as axes of rotation such
that it can always face the Sun in an optima
position throughout the year. Two-axis trackers
usually are more sophisticated. They have a
primary axis that is set for inclination with the
ground and a secondary axis for orientation
along east-west direction.
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Tracking to optimize the PV
panel orientation according to
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Figure 3: A typical two-axis tracker rotating the PV panel around 2 axes, i.e. one axis for inclination with the ground

and the other axis for orientation along east-west direction
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Energy Consumption of a Sun
Tracker

Energy required for the movement of the
tracking mechanism depends on what kind
of tracking algorithm is adopted. For tracking
the brightest spot in the sky, the tracking
mechanism may adjust position based on
real time light detection and therefore, the
movement will be more frequent and it will
consume more energy. For the time schedule
algorithm, the number of movement is minimal
and hence less energy will be consumed. In
general, the consumed energy for real time light
detection sun tracker would be around 1% of
the energy yield of a typical PV system, whereas
time scheduled sun tracker would normally be
less than 1% of the energy yield of a typical PV
system. Sometimes, a small piece of PV panel
may also be installed next to the system to
provide electricity for the sun tracker.
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Solar Energy Application Tips: Use solar lighting powered by PV moadules.



Increasing Yield by Sun Tracking

If a PV system tracks the sun position, the
energy yield will be increased. With sun
trackers, the radiation gains would be more
significant on a sunny day when high solar
irradiation is available. The gain would be less
significant on a cloudy day. Refer to the case
study below for detail.

Maintenance Requirement of

the Sun Tracking System

The sun tracker basically consists of a mounting
pole and a small motor. In general, the
maintenance requirement is minimal. Routine
inspection or repair works upon failure of
components will only be required on a need
basis.
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Issues to be considered when
Applying Sun Tracking System

When a PV system is planned to be installed,
investment of small additional cost for adopting
also sun trackers is worthwhile to be considered
so as to increase the energy yield of the PV
system. The followings are some technical
issues that need to be considered:

e Sun tracking PV system should be installed

in location that is unshaded throughout
the day. Satellite TV dishes, plants and
other buildings in vicinity could be potential
shadings to the system.

Since the PV panels are movable, more
spacing will be required for the sun tracking
PV system when compared to conventional
fixed PV system. Moreover, adequate
maintenance space should also be allowed.

Lightning protection system may need to be
reinforced to cover the newly installed sun
tracking PV equipment should the existing
lightning protection cannot adequately cover
the additional equipment.

As the PV panels are movable, they are
more vulnerable to wind effects. Assessment
should be carried out to ensure that the
proposed location is structurally safe to
support the system loading and wind effects.
Qualified professionals should be consulted
for advice if necessary.

The potential of vandalism should be
assessed if the sun tracking PV system is
accessible to the general public.

Solar Fnergy Application

Tjps: Collect sunlight with sun pipe for lighting indoor area.
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The sun tracking technology can effectively
improve the electricity generation from PV
system. For further information, please contact
the Energy Efficiency Office of the Electrical and
Mechanical Services Department.

Case Study

To find out the effectiveness of sun tracking
technology in enhancing the electricity
generation from PV systems in Hong Kong, two
small-scale mono-crystalline PV systems with
sun trackers were installed in a government
venue in Hong Kong. Each sun tracker holds 3
mono-crystalline PV panels with a total rating
of 450W per tracker and both trackers are grid-
connected. For evaluation purpose, one tracker
was fixed in its position like conventional PV
installation (i.e. tilted and facing south) and the
other tracks the sun position daily and adjusts
the orientation of the PV panels accordingly.

Single-axis tracking systems were employed in
the pilot project. The system adopted a time
schedule algorithm to rotate the PV panel
from East to West at 15° for every stepwise
movement towards the Sun throughout the day.
The system would face the East in the morning
and would move towards the West during the
day. It would stay standstill at sunset and return
to facing East early in the morning at sunrise.
Panel inclination was adjusted manually each
quarter of the year to match the sun path at
different seasons.

The year-round performance monitoring was
carried out during the period from October
2008 to September 2009.
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The analysis showed the increase in monthly ERNBMANBEETLT  BEHSEH
yield by adding a sun tracker ranged from 5% KR EGEEASAEESEN TR
to 32% with an average increase of 19% on SYRE=+-  HEEFHAE

annual basis. The solar irradiation gain on a
typical sunny day can be increased by up to
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22% through adoption of sun tracker. On a T A ARGE 2R AT m”&/ﬁ
typical cloudy day, the received solar irradiation EREMNBEEEASZ -+

between the sun tracking PV system and the ERXEZASERBEMNEMN (R E
non-tracking PV system was almost identical as ) o
shown in Figure 4.
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Collected Solar Irradiation on a Typical Sunny Day

- MERGEBRPABEINERE

900
. — Non-tracking 3F & #f =
— Tracking 38 B =

700
600
500
400
300
200
100

3:00 6:00 9:00 12:00 15:00 18:00 21:00

Collected Solar Irradiation on a Typical Cloudy Day
MERGERRPAREINERE

1000

900

800 — Non-tracking 3k 8 ¥t ={
—— Tracking i #f =,

700

600
500
400
300
200
100

0
3:00 6:00 9:00 12:00 15:00 18:00 21:00

Figure 4:  Collected solar irradiation on a typical sunny day and a typical cloudy day in the monitoring period
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Solar Energy Application Tips. Use natural light for /ighting wherever possible.
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In the case study project, the cost increase of WEABRER sl AKBEHSE<
the sun tracker was around 15% of the capital REROEAENTED 2+ -
cost pf PV pa.nels. The relatively smqll capital EEEHO BB EEE T IEH
cost invested in sun tracker has contributed to TETHE o

sizable additional energy yield. R

Figure 5: Sun tracking PV system at a Government venue
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