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Due to the various environmental issues and the limited reserve of the fossil fuel, peo-
ple have been searching for a renewable source of energy that can be used as an alternative
to the fossil fuel. Among the various sources of renewable energy, photovoltaics (PV) has
proved its potentiality as a long-term, inexhaustible, environmentally friendly and reliable
energy technology. Generally, photovoltaic systems are constructed using lead-acid batter-
ies. But lead-acid batteries have some limitations, e.g., short lasting time, low power density
etc. To overcome these problems of batteriés, in this work, a distributed power generating
system has been developed using PV panel and a new energy storage device, called Energy
Capacitor System (ECS). The ECS is' the combination of Electric Double Layer Capacitor
(EDLC) and some electronic circuits, like, parallel monitors and current pumps. The ECS
has very long lifetime, high power density, and very short charge/discharge time.

The proposed systein consists of mainly six functional units. These are PV panel,
Maximum Power Point Tracker (MPPT), Power Conversion System (PCS), EDLC bank,
load unit, .and the control unit. The PV panel has been constructed using nine modules and
the peak output of thie panel is 1296W at MPP (I5=7.2A V;=180V). To extract the maxi-
mum power from the PV panel a 1000W MPPT has been used. In order to supply the DC
output of the MPPT and the EDLC to the load, and to charge the EDLC by grid power, a
bi-directional Power Conversion System (PCS) has been incorporated in the system. Its
maximum capacity is 1000W. The EDLC bank consists of four capacitor-modules and has
a storage capacity of 2.3kWh. The control system consists of a microcomputer, a dita ac-
quisition unit and its necessary interfacing circuits. To simulate different load patterns, a re-
sistive room heater of variable power is used. Its value is 5S0W ~1150W, but within this
range the value can be set to any integer multiple of SOW.

Since, the performance of the PV system depends on the PV output and. hence on the
insolation, in this work, a procedure has been developed to estimate the PV output power by
calculating solar radiation. To calculate the daily insolation, Hottel’s equation and
Liu-Jordan’s equation have been used with some modifications. To verify the accuracy of

the developed procedure, the calculated solar radiations for different months of the year
have been compared with the 20 yeas’ practically measured solar radiation in Kitami.

Using the calculated solar radiation a procedure is devised to estimate the daily PV
output power. The estimated PV output is compared with the practically measured one to
verify its accutacy. It is found that, for sunny day the-error in estimation is 10% maximum.
To use the procedure in cloudy/rainy weather, the characteristic of the PV output in different
weather conditions has been studied using one-day-ahead weather forecasts for about 2
years.

A characteristic of the developed PV-ECS system is that, the amount of power to be
taken from grid line should be set, before the system starts its daily operation. Hence, with
an aim to set the optimum amount of this power, a simulation program has been made. This
program can simulate the operations of the whole system. Using this simulation and the es-
timated PV output power, the optimum amount of the power to be taken from grid line could
be set properly.

The performance of the system has been studied for several years in different weather
conditions using different types of load profiles. In going to study the system performance,
two modes of operation of the system, (I) optimal economic mode and (II) optimal
load-leveling mode, have been described. A comparative study of the system performance in




these modes of operations has also been done and presented in this thesis.

The performance of the system changes due to the weather conditions and the yearly
variation of solar radiation. So, the effect of the weather condition and the yearly variation
of solar radiation on the system performance have been investigated thoroughly.

. As the system is operated using the one-day-ahead weather forecast, the forecast may
not always be accurate. So, there is a probability of the estimated PV output to differ from
the practical one. To overcome the effect of this inaccuracy on the system performance, two
techniques have also been described in this thesis.

Finally, to evaluate the system performance, the powér flow patterns, charging dis-
charging characteristics of the ECS, financial benefit and load-leveling capacity of the sys-
tem have been studied thoroughly. It is found that the system provides an excellent eco-
nomic benefit for non-flat price of electricity and load-leveling facility with a good overall
efficiency.
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