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EXECUTIVE SUMMARY 
 

The Pacific island countries are blessed with a combination of naturally-occurring energy sources 

in the form of wind, sun or water. Wind turbines and solar photovoltaic cells are now being 

promoted as viable alternatives for power generation, either independently or in parallel with 

conventional generators. With fuel prices rising, the global concern of climate variability, climate 

change and sea-level rise and a vision for sustainable development, hybrid power systems 

established in the correct locations have become a good financial and economic option.  

 

In a hybrid power system, two or more types of generation sources are combined to produce 

electricity. The most common generation sources for a hybrid power system are photovoltaic and 

wind turbines with a diesel generator as backup. The use of renewable power generation 

technologies reduces the use of imported fossil fuels, allowing for the cleaner generation of 

electrical power and optimisation of power supply options.  

 

Major components of a hybrid power system consist of renewable energy sources, internal 

combustion engine, generators, battery storage and power conditioning equipment. For system 

sizing, relevant information has to be gathered for the proposed location.This should include load 

profiles, supply area layout and resource assessment.  

 

Economic costs of hybrid power systems are determined by the system size, capital costs, 

operating costs, load profile, availability of technology in the country of use and the availability of 

the energy used to drive the system (fuel, solar insolation, wind, etc). Life Cycle Costing (LCC) is 

the most common methodology for determining the cost effectiveness of energy alternatives. 

 

Careful planning and assessment  is required to ensure the successful implementation of a hybrid 

power system. Training of operators, overseeing installation and commissioning, maintenance 

procedures and system monitoring and reporting are all part of the successful hybrid power 

system implementation process. 

 

Hybrid power systems have been commercially proven internationally, and are considered 

suitable for use in the Pacific region where the appropriate combination of renewable energy 

resources can be linked together with a standard traditional diesel fuel generation system. The 

Pacific region can benefit from the wide application of hybrid power systems.  
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Figure 1. Map of the Pacific Region 
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INTRODUCTION AND BACKGROUND 
 

This technical publication was prepared with the view to increasing Pacific Island member 

country1 awareness on hybrid power systems and to enable them to make informed decisions. At 

the Regional Energy Meeting (REM2000) held in Tarawa, Kiribati in 2000, a request was made 

for technical briefing papers on new and upcoming technologies. The SOPAC Community 

Lifelines Programme2 offered to coordinate the preparation of three technical briefing papers. 

Since then four technical papers have been prepared, published and circulated to member 

countries for information. These include Hydrogen Fuel Cell and the Pacific Islands, Space Solar 

Power Generation and the Pacific Islands, Ocean Thermal Energy Conversion and the Pacific 

Islands and Geothermal Energy Utilisation and the Pacific Islands. 

 

This technical publication, Hybrid Power Systems and Their Potential in the Pacific Islands aims 

to give its readers a better understanding of hybrid power systems. The publication details the 

basic components of a hybrid power system, how it operates, the economic aspects, 

appropriateness to the region and steps in successful implementation of a hybrid power system 

project. For those readers who do not have technical background, a glossary of terms has been 

incorporated in Appendix 1 of this publication.  

 

It is becoming more and more apparent in the world of renewable energy that system 

specification and site location choices are crucial to a high quality of service at lowest capital 

costs. A hybrid power system becomes an attractive option where there are opportunities to 

provide power generation with optimum efficiency through the combination of traditional and 

renewable energy sources. 

 

Hybrid power systems usually integrate renewable energy sources with fossil fuel generators 

(diesel/petrol) to provide electrical power. They are generally independent of large centralized 

electric grids and are used in remote areas. In these systems it is possible for the individual 

power sources to provide different percentages of the total load. For instance, on a cloudy windy 

day when the solar panels are producing low levels of electricity, the wind generator compensates 

by producing a lot of electricity. Naturally, to use a wind generator effectively requires a location 

with a good wind regime. Balancing the power sources to achieve the highest level of system 

performance takes thorough research. Resource assessment and location must be assessed to 

determine sizing for optimised performance.  

                                                 
1 SOPAC island member countries are American Samoa (Associate), Cook Islands, FSM, Fiji, Guam, Kiribati, Marshall Islands, Nauru, Niue, 
Palau, Papua New Guinea, Samoa, Solomon Islands, Tonga, Tuvalu, Vanuatu, French Polynesia (Associate), New Caledonia (Associate) 
 
2 The SOPAC Energy Unit is now part of the Community Lifelines Programme following the latest corporate restructure (2001) 
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WHAT IS A HYBRID POWER SYSTEM? 

 
Hybrid power systems generally integrate renewable energy sources with fossil fuel powered 

diesel generator to provide electric power where the electricity is either fed directly into the grid or 

to batteries for energy storage. The role of integrating renewable energy in a hybrid power system 

is primarily to save diesel fuel.  

 

There are generally two accepted hybrid power system configurations:  

• Systems based mainly on diesel generators with renewable energy used for reducing fuel 

consumption; and 

• Systems relying on the renewable energy source with a diesel generator used as a back-

up supply for extended periods of low renewable energy input or high load demand. 

 

COMPONENTS OF HYBRID POWER SYSTEM 
 

A typical hybrid power system (Figure 2) may contain a combination of: 

• Renewable energy sources (solar / photovoltaic, wind turbines, micro hydro, biomass); 

• Internal combustion generators (eg. diesel engine); 

• Battery storage; and 

• Power conditioning equipment (inverter, battery charge regulator). 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 

                                             
 

Battery 
banks are 
used as 
storage 

tanks for 
storing 

electricity 

Electromagnetic
device for converting 

mechanical energy into 
electrical energy 

Energy from the sun is 
converted to Direct 

Current (DC) electrical 
energy. 

Direct Current (DC) 
is changed to 

Alternating Current 
(AC) electricity. 

Essential to the 
efficient 

transmission and 
distribution of 

electricity. 

Figure 2: Components of a Hybrid 
Power System. 

Amount of
electricity 

being 
consumed at 

one time. 
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The components of the hybrid power system as shown in Figure 2 are further elaborated in the 

following sections. 

 
 

PHOTOVOLTAICS 
 
 
Photovoltaic technology involves the direct conversion of sunlight into 

electricity through the use of photovoltaic (PV) modules. 

 

Solar cells (or photovoltaic cells) are composed mainly of silicon (Si). 

Under certain conditions electrons from silicon atoms can be 

released and become available to move as part of an electric current.  

 

When solar cells are joined physically and electrically and placed into a frame they form a solar 

panel or PV module (Figure 3). Panels joined together form a solar array. 

 

A typical module of 1 m2 would be able to produce around 100W. Commercial PV systems are 

about 7% to 17% efficient. 

 
 

WIND TURBINES 
 

The wind turbine (Figure 4) uses the velocity of the air to rotate the blades to 

produce electricity. 

 

The power produced by a wind turbine depends on: 

1. The length of the blades; 

2. The speed of the wind; and 

3. The power co-efficient of the wind turbine i.e. How efficient the wind 

turbine is in converting the energy of the wind into rotational motion.  

 

Wind turbines exist in the power range from 50 W – 5 MW. 

 

Figure 3. Solar Panel. 

Figure 4. Wind Turbine. 



[10] 

 
 

[SOPAC Miscellaneous Report 406 – Bhikabhai (Compiler)] 
 

BATTERY STORAGE 
 
The battery storage (bank) is used to store electricity. It enables the 

continuity of power to the load in the event of power failure or for 

solar sites in the event of cloudy weather and at night. Both nickel-

cadmium and sealed – lead acid batteries are used for remote area 

power supply systems.  

 

The cyclic energy efficiency of a battery (usually 80% for a new 

lead-acid battery operated in the optimum region) is also 

paramount, since energy lost requires a larger input source to 

replace it. Other important factors that determine life-cycle costs (apart from capital cost) are: the 

number of cycles delivered (at a certain depth of discharge – DOD), lifetime (usually 3 to 7 years 

in well-designed systems), and how often it must be maintained. 

 

Types of Batteries 
 
Lead Acid Battery 

 
The lead acid battery (Figure 5) has a stable voltage (2.0 V per cell) and a stable power output. 

The cost is also low compared with other batteries. Its weaknesses are low energy density 

(important in vehicle applications), the need for regular maintenance, and the decrease in battery 

performance and life in deep discharge use (80 per cent depth of discharge). The Life Cycle Cost  

can be high, especially in the case of batteries subject to frequent discharge.  

 

Sealed Lead Acid Battery 

 
The sealed lead acid battery uses the same principles as the lead-acid battery but the battery is 

sealed in leak-proof case. Sealed batteries need to be carefully monitored to prevent 

overcharging and electrolyte loss through their safety vents. These batteries can be transported 

safely without fear of acid spillage. 

 

Nickel Cadmium 

 
Nickel Cadmium batteries are still more expensive, but have the advantage that they do not suffer 

from being operated at a low state of charge, as do lead-acid batteries. Nickel cadmium cells are 

resilient to both overcharge and undercharge and may even be recovered if they go into polarity 

reversal. They may be used in a wide temperature range, from – 40 to +140 ºC.  

 

 
Source: Karkkainen & Elmahgary, 
1988.  

Figure 5. Constructional Features of a 
Lead Acid Battery. 
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Battery Capacity 
 
The energy stored in batteries is measured in ampere hours (Ah). Every cell when fully charged 

has the potential for producing a certain number of Ah. The capacity of the battery is specified by 

manufacturers in Ah under a certain discharge rate and cell temperature. If energy stored in a 

battery is C25=100 Ah then it can provide a current of 4 Amps for 25 hours. Energy in Kilowatt 

Hours (kWh) = Ah x V / 1000, in which V is the battery voltage. 

 

Charging Rate 
 
Charging rates are specified by battery manufacturers and depend on the battery capacity and 

state of charge. 

 

Depth of Discharge 
 
This is a measure of how much of the total battery capacity has been consumed and is usually 

given in percent. The maximum recommended depth of discharge is usually around 70% (refer to 

the battery manufacturer’s specifications). Figure 6 illustrates Battery Cycle Life Vs Depth of 

Discharge. 

 

State of Charge 
 
This is a measure of how much of the initial battery 

capacity is available and is expressed in terms of % of 

rated capacity. For example a battery, which is at 30% 

depth of discharge, would be at 70% state of charge. 

 

Battery Voltage 
 
Battery voltage is measured in Volts (V). The operating 

voltage (12 V / 24 V / 48V) of the battery cell is not constant due to factors such as the internal 

resistance of the cells and the temperature. 

 

Maintenance of Batteries 
 
Lead acid batteries should be checked regularly for water loss. Water loss results primarily from 

gassing during charging. Inspection should also be done for any acid leaks, corrosion and cracks 

in the casing. 

Source:  Nayar.C.V, 1999: A Short Course On PV/Diesel
Hybrid System. 

Figure 6. Battery Cycle Life Vs DOD. 
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Source: SEIAA, 1995.  

 

Nickel Cadmium (NiCd) batteries do not suffer adversely from conditions of “electrical abuse” 

(rapid charge or discharge) that would be damaging to lead-acid batteries and are quite rugged. 

Small traces of sulphuric acid will ruin a nickel-cadmium battery by corroding the steel plates and 

cell containers. To prevent contamination, never use any tools, such as hydrometers, funnels, 

rubber hoses, battery fillers, etc., that have already been used for serving lead-acid batteries. 

Keep all vent caps closed. To prevent air from entering the cells, raise the caps only for checking 

the electrolyte, never for charging. Always check and service only one cell at a time. 

 

Effect of Temperature 
 
The rate of chemical reaction is reduced when the 

battery temperature is low, during cold periods. Battery 

capacities are usually given at a reference temperature 

of 25°C. At higher or lower temperatures, correction 

should be made using correction factor curves such as 

Figure 7 (dependent on discharge rate). High 

temperatures do reduce the service life of a Ni-Cd but 

not as severely as lead cells.  

 

Life Expectancy of Batteries 
 
Batteries lose capacity over time and are considered to be at the end of their effective design life 

when they cannot be charged to more than 80% of their original capacity. Battery manufacturers 

will specify the cycle life for a particular depth of discharge. One characteristic that batteries in 

hybrid power systems have in common is that they are deep cycle batteries. Unlike a car battery, 

which is a shallow cycle battery, deep cycle batteries can discharge more of their stored energy 

while still maintaining long life. 

 

 

 

 

 

 

 

 

 

Figure 7. Correction Factor as a Function of Cell 
Operating Temperature. 
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BACK-UP GENERATORS 
 

In periods of higher loads, when the renewable energy sources are unable to meet the demand, a 

back up generator could be used. 

 
Generator Control Systems 

 

Starting a diesel engine is achieved by cranking the diesel engine either manually or electrically 

using a starter motor, until it “fires”. To stop the diesel engine, the fuel supply must be cut off. This 

can be done manually or by the electrical operation of a fuel control solenoid valve. 

 

A diesel engine may be started and stopped using one of the following methods: 

• Manual start / stop; 

• Key start-starter motor, battery and key switch, with manual stop; 

• Local or remote manual start/stop with push buttons, starter motor, battery and fuel 

solenoid valve; and 

• Automate start / stop – as for the manual push button type, but including full engine 

control and protection. 

 

Siting of Generators 
 

It is important to avoid operating generating sets in locations where the exhaust gases, smoke, or 

fumes could reach dangerous concentrations. 

 

Also, do not install generating sets: 

• in damp situations or exposed to the weather unless suitably protected; and 

• in hazardous areas or in the same enclosure as the batteries. 

 

When siting, consider the noise from the generating sets. If there are residents nearby, peace and 

quiet is a priority, so consider the generator’s noise level, listed in decibels. 

• The low end of the noise range measures 50-60 decibels.  
• If a generator rattles at 80 decibels, you might have to raise your voice to be heard.  

 

Encased motors and anti-vibration devices can bring the decibels down, with a little more cost. 

 

Consider fuel availability, handling and storage requirements. 
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INVERTERS 

 
The inverter converts DC power to a regulated AC voltage and current, which is used to supply 

standard AC appliances. 

 

Renewable energy sources such as PV modules and wind turbines produce DC, batteries store 

DC power. However, the load often requires the use of AC. To convert the DC power from the 

batteries to AC power an inverter is used. 

 

There are two separate criteria for identifying inverters: 

• How the DC is converted to AC; and 

• Output Waveform. 

 

How the DC is converted to AC 

Rotary Inverter 

A DC motor driving a 240-V generator was commonly used before the advent of solid state 

inverters. This is still a reliable method sometimes used in remote places. The overall efficiency is 

low, however a perfect sinusoidal voltage is operated. 

 

The Basic Solid State Inverter 

To produce 240 volts AC from (extra-low voltage) DC power there are two distinct steps. The 

voltage must be increased and the output oscillated at 50 Hertz. For years all inverters first 

converted the DC to 50 Hertz AC then passed the power through a transformer.  

 

Switch Mode Inverters 

A more recent development with solid state inverters has been to increase the voltage first in a 

high frequency switch mode converter and then turn into an AC sine wave form.  

 

These inverters are small in size. The small surface area of high frequency converters must 

become substantially hotter in order to remove the same quantity of heat compared with a 

similarly rated low-frequency unit. The shortcoming can be partially overcome by an overall 

increase in size of the inverter, but there is still a problem with short-term overloads, which can 

rapidly overheat the high-frequency converters due to their lack of thermal mass. One advantage 

of these types of inverters is that they are totally silent in the human hearing range although they 

do emit ultrasound. 
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Source: SEIAA, 1995. 

Output Waveform 
 
Square Wave Inverters 

The simplest form of square wave (Figure 8) inverter ignores the 

significance of the relationship between peak and various averages and 

provides a square wave with full pulse width. Peak and average values are 

both nominally 240 volts. Resistive loads and most power tools function 

adequately on these inverters. 

 

These inverters often have limited output voltage regulation and the voltage varies widely with 

changes in the input voltage and load. Some type exceeds 300 volts without a substantial load. 

This can severely damage sensitive equipment.  

 

Stepped Square Wave  

Most square wave inverters attempt to emulate the performance of a sine wave generator to 

some extent. Using narrow pulses allows the peak voltage to be raised to close to that of a true 

sine wave. This gives an output more similar to a 

sine wave and carries much less energy as 

harmonic currents. 

 

However the peak voltage cannot be kept stable 

and varies in direct proportion to the input voltage. 

These inverters are usually known as “modified 

square waves” (Figure 9), “quasi sine wave”, and 

“modified sine wave”. 

 

Sine Wave Inverter 

Some appliances will only function correctly when supplied with a low-distortion 

sine wave. The wave in these “synthesised” sine wave inverters are built up 

from short pulses (Figure 10).  

 

Bi-directional Inverters 

With appropriate programming of the microprocessor, and appropriate semi conductors the 

inverter may also be operated as a high-efficiency battery charger. An extension of this versatility 

is the interactive inverter, which can synchronise with an external source and supply additional 

capacity to a generator or weak power transmission line. 

Figure 8. Square Wave. 

Figure 9. Modified Square Wave. 

Figure 10. Sine Wave
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Protection Circuits 
 
Overload 

The most important is to control the maximum current drawn by the inverter. This is to protect 

against large over loads or short circuit fault currents damaging the inverter. 

 

Over-temperature 

Temperature sensors are required for protection where moderate overloads below the surge limit 

cause overheating. 

 

High and Low Battery 

Voltage cut-outs are provided on most inverters to prevent damage to the inverter, the battery and 

the load. 

 

Inverter Power 
 
The output power (wattage) of an inverter indicates how much power the inverter can supply 

during standard operation. It is important to choose an inverter, which will satisfy a system’s peak 

load requirements.  

 
Surge Capacity 
 

Most inverters are able to exceed their rated wattage for limited periods of time. This is necessary 

since appliances may require many times their rated wattage during start up. As a rough “rule of 

thumb”, the minimum surge requirement may be calculated by multiplying the required wattage by 

three. 

 

Inverters Used as Battery Chargers 
 
Some Inverters have the added advantage that they have a built-in battery charger so that when 

the batteries need charging from an AC source (generator), the current can be fed into the 

inverter, changed to DC, and then used to charge the batteries. 

 

Stand-by Losses 
 
When there is no load applied to the inverter it rests in what is called “stand-by” mode. Typically 

inverters use 30-60 milliamps of current (or 1-2 % of rated power) in stand-by mode. 
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Isolation 
 
The input (DC side) and the output (AC side) need to be isolated. 

 

 

CONTROL EQUIPMENT 
 

Regulators are an essential part of any battery-based electrical system to prevent overcharging 

and exceeding the recommended discharge of the battery that will result in subsequent damage 

and reduced life. 

 

Charge Regulator 
 
To prevent overcharging of a battery, a charge regulator is used to sense when the batteries are 

fully charged and to stop or decrease the amount of current flowing from the energy source to the 

batteries.  

 

Types of Regulators 
 

Regulators can be broadly classified into the following groups: 

1. Shunt or Series Regulators 

2. Linear or Switching Regulators 

3. Manual or Automatic Regulators 

 

Shunt or Series Regulators 

A shunt regulator is one in which the energy source is continually operated at full available power 

and excess power is “burnt off” in a dummy load. The regulator is installed in parallel with the 

source and the battery. In wind and hydropower systems they can also act as a load to prevent 

over speeding of the generator. 

 

A series regulator is connected between the charge source and the battery. Some series 

regulators may switch the source to an alternative system such as water pumping or auxiliary 

battery bank. 

 

Linear and Switching Regulators 

A linear regulator continuously adjusts the charge supplied to the battery at any given moment to 

maintain the optimum voltage.  



[18] 

 
 

[SOPAC Miscellaneous Report 406 – Bhikabhai (Compiler)] 
 

 

A switching regulator is an on/off device that disconnects the charge source completely. In a solar 

array this may be done in stages to remove part of the array in each step. 

 

A switchmode regulator is a high speed switching device that applies pulses of power to the 

battery terminals. The disadvantage of this type is the complexity of the switching and the 

difficulty in controlling radio frequency noise. 

 

A hysteresis or dual voltage point regulator operates on the battery terminal voltage. When 

voltage rises to a set point the regulator switches out the charge source. When voltage falls to a 

predetermined point the charge source is reconnected. This cycling may be very rapid or may be 

controlled by a timer to set a minimum period. 

 

Manual or Automatic Regulators 

The control of the charge comes to a single variable, terminal voltage. The simplest form of 

control is to measure and respond to terminal voltage. A boost cycle is needed to equalise cell 

voltages and battery needs to be regularly brought to gassing voltage to stir the gassing voltage 

and to stir the electrolyte and prevent stratification. Boost cycles are generally manually 

controlled, and in some advanced systems it is programmed. 

 

Smart regulators are micro processor controlled devices that monitor system parameters against 

time to give a more accurate picture of battery condition and charging requirements. 

 

Specifying a Regulator 
The regulator must be specified to match the system voltage, battery type and load current.  
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LOAD 
Characteristics of Load 
 

Alternating Current (AC) or Direct Current (DC) 

Load components with purely resistive elements in them can be satisfactorily powered using DC 

current. This means that there is no necessity for the use of an inverter. Resistive loads however 

tend to use a significant amount more power so their use is not recommended for remote area 

power supply systems. To run most appliances it is often simpler to use an inverter to produce AC 

current and power the appliance circuits with that. 

 

Waveform 

In most cases a modified square wave (Figure 9) current is appropriate, but if there are to be 

appliances with high surge currents a sine wave (Figure 10) inverter may be a better option. 

 

Interference 

Some electrical equipment (radios, TV’s, computers) may be affected by interference from 

appliances such as microwave ovens and may not operate as efficiently. 

 
 

SYSTEM SIZING 
 

Two major issues arise when designing a system: 

• The load put on the system is not constant over the period of one day and the daily load is 

not constant over a year; and 

• The amount of energy available from the renewable energy source may vary from time to 

time during the day and from day to day during the year. 

 

An approach would be to design a system to produce a certain percentage of the total energy 

required on a yearly basis and to top up with a back-up generator if there is insufficient energy 

from the renewable energy source. In all cases the first step in system sizing is to estimate the 

load placed on the system. 

 

Load Profiles 
 
The load profile has been defined as the power requirements for the demand-side converters 

(appliance loads) over time. Once energy conservation (demand side management) techniques 
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are used to reduce the electrical load as far as economically possible (whilst still providing the 

required service), the load profile should be determined to decide the type of hybrid system 

needed to provide power (Figure 11). 

 

The load profile may vary by the hour, day, week, 

month, season, or year. Hybrid power systems provide 

flexibility. For load demands that vary rapidly 

throughout the day a battery storage subsystem is 

required for a renewable generator and strongly 

recommended for a fossil-fuelled system. The peak 

demand spikes can be met from the batteries and the 

engine generator started and operated at a steady load 

when the battery state-of-charge drops below a pre-set 

level. A hybrid power system with the renewable 

energy generator plus storage designed to handle the load 80-95 percent of the time is a smart 

option for these applications. 

 

The most convenient method of determining the load profile of a system is by measuring 

electricity demand using an energy (kilowatt / kilowatt-hour) meter, and logging the output hourly, 

or more often, for at least a week, preferably a month or year (seasonal variations). This can be 

done either manually if someone can read the meter at regular intervals, or a data logger can be 

used, in which case much more detailed information is available. This will reveal the daily and 

weekly profiles. If seasonal variations in load are suspected, longer-term (yearly) load monitoring 

will be required to reveal the seasonal profile. 

 

 

Sizing and Specifying an Energy Source 
 
Photovoltaic Modules 

To determine the actual required PV array output, divide the daily energy requirement by the 

battery round-trip efficiency. This is usually a figure between 0.70 and 0.95 and depends on the 

coulombic efficiency of the batteries in both charging and discharging. Generally 0.95 is used for 

very efficient batteries installed in good conditions and 0.7 for the least efficient batteries.3 

 

Example 1:  Daily Load = 100 Ah, Battery Efficiency = 0.9 

Array output required = 100 / 0.9 = 111 Ah 

                                                 
3 SEIAA; 1995  

Source: AES, 1998. 

Figure 11.  System Operation Vs Load. 
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To work out the output from the array, it is important to know under what conditions the output will 

be determined, and need to know what the inclination of the array will be. This is measured in 

peak sun hours, which is dependent on latitude, season and inclination of the array.  

 

The scenario generally chosen for solar / generator hybrid systems is the yearly average peak 

sun hours. If tables of peak sun hours are not available they can be determined from the average 

of daily total global radiation. (To convert daily global radiation (MJ/m2) to peak sun hours divide 

by 3.6). 

 

The output of the modules will be average annual peak sun hours times the module rating. 

 

Example 2: Under normal operating cell temperature           0 (NOCT) 

Average Annual Peak Sun Hours = 5    Module Rate = 5 Amps   

Battery Charging Voltage  = 14 Volts  Output Accuracy = +/- 10%  

Current output     = 0.9 Х 5   Amps   = 4.5 Amps 
 
Therefore the guaranteed current will be 90% of the current at 14 volts under NOCT. 
 
To determine the number of modules in the array first work out the number of modules in series 

(so that the operating voltage is sufficient for battery charging). Divide the system voltage by the 

nominal operating voltage of each module.  

 

Example 3:  System Voltage   = 24V 

Nominal Operating Voltage of each module = 12 V 
Number of modules in series    = 24 / 12 = 2 
Therefore the number of modules in the array will have to be a multiple of 2. 

 

To determine the number of modules in parallel the array output required (Ah) is divided by the 

output of each module (Ah). 

 

Example 4: Average Annual Peak Sun Hours at the latitude  = 5 hrs 

   Current Output (from Example 2)     = 4.5 Amps 

   Array Output Required (from Example 1)   = 111 Ah 

Module output  = 4.5 Amps Х 5hrs    = 22.5 Ah 

 

Therefore number of modules in parallel = 111 Ah / 22.5 Ah = 4.9 (round up to 5) 

Therefore the array will consist of 5 parallel strings with two modules in each string. 
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Example 5: Comparison of Average Daily Contribution from the Array to the Load 

 

Table 1. Comparison of Average Daily Contribution from the Array to the Load. 

Month Peak Sun Hours at Latitude 
Angle 

Average Daily Energy 
Ah 

Comparison with Load 

Jan 7.15 161 +50 

Feb 6.23 140 +29 

March 5.81 131 +20 

April 4.51 101 –10 

May 3.65 82 –29 

 
In this table the average daily energy supplied by the PV array is found by multiplying the number 

of peak sun hours by the current from each module (at NOCT) then multiply by the number of 

parallel strings in the array (7.15 Х 4.5 A Х 5 = 161 Ah). On average, full contribution from the PV 

array will be received in the months January, February and March. Under average conditions the 

back-up generator will have to be used in April and May.  

 

Sizing and Specifying a Battery Charger and Back–Up Generator 
 

A battery charger converts the AC output to DC for the purpose of battery charging. The battery 

charger should be selected such that it converts the 240 volt, 50 Hz AC to DC at the required bus 

voltage of the battery storage bank. It should be able to provide a direct current up to the 

maximum allowable charge rate of the batteries. 

 

The two critical factors to consider when selecting a battery charger are:  

• The system voltage; and 

• The maximum rate of charge of the batteries.  

 

Example 6: 

Battery Capacity      = 875 Ah at the C100 rate System Voltage = 24 V 

Capacity at 10 Hour Charging Rate  = 662 Ah 

Maximum Charging Rate:  C10  = 662 Ah  

     662 / 10  = 66.2 A 

There may not be a battery charger with exactly the maximum current specified so a charger with 

lower current would be chosen. The most likely available charger would be 24 Volt 60 Amps. 

 

Battery bank capacity is usually sized to provide 3-7 days autonomy to a depth of discharge of 

around 80%.  
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Selecting a Generator 
 
Example 7:   Efficiency of Charger  = 60% 

Power produced by charger: 60 A Х 24 V   = 1440 Watts 

Input power from generator: 1440 W / 0.60   = 2400 W 

 

A generator with a capacity at or above 2.4 kW will have to be chosen. Alternatively the kVA 

rating of the battery charger can be used and multiplied by the power factor for the charger.  

 

Example 8:  Load: 3.3 kW  

Generator Capacity = 2.4 kW (battery charging) + 3.2 kW (loads) = 5.6 kW 

Then making allowance for future derating of the generator, the size the generator should be 

increased up to 6 kW. 

 

Sizing a Stand-Alone Wind System 
 
Example 9:  Daily load   = 3565 Watt-hrs   Battery Efficiency: 0.9 

Energy Required:3565 / 0.9   = 3961 Watt Hrs 

The wind generator has to supply 3.961 kWh. 

Assumption: The wind generator is not too far from the batteries and inverter (If distance is great 

then the loss in the cable needs to be added to the energy which the generator needs to 

produce.) 

 

Selection of Wind Generator 

Manufacturers give information regarding the performance of their wind generators in different 

forms: 

• If the information is given as rated power, rated wind speed and cut-out wind speed, then 

the average power can be worked out by the Graph of Average Power / Rated Power Vs 

Average Wind Speed / Rated Wind Speed 

• Graphs of performance of their generators at various average wind speeds eg Graphs of 

Power Outputs Vs Wind Speed. 

 

It is important to consider whether the batteries can accept the charge from the wind generator, 

i.e. make sure that the current from the wind generator does not exceed the maximum charging 

current for the batteries. 
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The wind speed is measured at a particular height at a particular location. The wind generator 

must be installed at that location and height to obtain the performance calculated or correction 

factors need to be applied.  

 

Once the wind generator has been sized and specified the rest of the system (back-up generator, 

battery charger etc) can be specified in the same way as for a PV-based system. In wind only 

systems, the battery storage should be designed for 10 days of autonomy or more. 

 

While it is important to know what the average wind speed is each day, this statistic may not tell 

us for how many hours each day the wind blows at a useable speed i.e. there may be a 

sufficiently high average, but the wind may all come in a short period of time during which the 

wind generator output is controlled by changing the tilt angle of the turbine or some other braking 

mechanism. This means that while the average wind speed is high enough, the energy that can 

be extracted from the wind may not be sufficient. 

 

Because of this care must be taken to carefully analyse the wind regime. Otherwise use the wind-

generated electricity as a bonus, just to cut down on the running time of the back-up generator. 
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HYBRID POWER SYSTEM CONFIGURATIONS 

 

Given the wide range of loads to be serviced, the variety of source converters available, and the 

type of storage and charger/inverter, there are almost an infinite variety of hybrid energy systems 

possible. In general, there are three types: Series, Parallel and Switched Hybrid System. 

 

Series Hybrid Power System (Source/ Charger/ 

Storage/ Inverter) 

A series hybrid system (Figure 12) has the 

following characteristics. 

• Low overall system efficiency; 

• Large inverter and battery size; and 

• Limited optimisation of diesel alternator 

and renewable energy sources. 

 

 

Parallel Hybrid Power System (Source/ Charger-

Parallel Inverter/ Storage) 

A parallel hybrid system (Figure 13) has the 

following characteristics: 

• Site load supplied in the most optimal way; 

• Diesel fuel efficiency maximised; and 

• Diesel maintenance minimised.  

 
Switched Hybrid System 
A switched hybrid system has the following characteristics: 

• The diesel generator can supply the load directly, therefore improving the system 

efficiency and reducing the fuel consumption; and 

• The inverter can generate a sine wave, modified square wave, or square wave, depending 
on the particular application. 

 

Source:  Nayar.C.V, 1999: A Short Course On PV/ Diesel 
Hybrid System. 

Source:  Nayar, C.V., 1999: A Short Course on PV/ Diesel 
Hybrid System. 

Figure 12. Series Hybrid Power System. 

Figure 13. Parallel Hybrid Power System 
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HYBRID POWER SYSTEM OPTIONS 
 
 

 

 

 
 

 

 

 

 

 

 

 

 

 
 

 

 

 

Renewable Resource Quality 
 
A renewable resource is judged by its magnitude and consistency. Any site that receives more 

than 1800 kilowatt-hours per year of solar insolation is considered a good site for a PV system. 

An average wind speed of 5.8 m/s is considered a good wind resource. 4 

 

Another factor is the daily match between load demand and energy production from the 

renewable generators. The better the match the more attractive the renewable energy source 

becomes, because the power can be supplied directly to the load and losses associated with 

storing the energy can be avoided.  

 

The parallel configuration in Figure 15 allows all energy sources to supply the load separately at 

low or medium-load demand, as well as supplying peak loads from combined sources by 

synchronising the inverter with the alternator output waveform. The bi-directional inverter can 

charge the battery bank (rectifier) when excess energy is available from the diesel generator, as 

well as act as a DC-AC converter (inverter) under normal operation. 

Hybrid Power 
System Options 

Wind/Diesel Hybrid Power System 
• Priority given to wind energy (free fuel) allowing

the diesel gensets (expensive fuel) to be shut
down when the winds are strong enough to supply
all the electric power required by the network. 

 

PV/Diesel Hybrid Power System 
• The system is battery based where the PV

array & diesel generator are used to recharge
the battery bank; and 

• The generator is also used to meet periods of
high peak demand. 

PV/Wind/Diesel Hybrid Power System 
• The system is based on solar and wind

resource with the diesel generator as back
up. 

PV/Wind Hybrid Power System 
• Reduces the need for back-up generation by

fossil fuel; and 
• Free watts from the sun and wind are

collected, used and any surplus can be either
stored in a bank of batteries or fed into a grid
where appropriate.

Figure 14. Hybrid Power System Options
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Source: 
http://e2i.at/poster97/poster/ems/2/content2.htm 

 

 

The PV/wind hybrid power system (Figure 16) provides 

more consistent year-round performance thus reducing the 

need for back- up generation by fossil fuel. 

 

The major advantage of wind energy is that when used 

together with solar photovoltaic energy, the reliability of the 

system is enhanced. Additionally, the size of battery storage 

can be reduced, as there is less reliance on one method of 

power production.  

 
 

 
 
 

                                                                                                                                                             
4 http://www.sandia.gov/pv/lib/Hybook.html 

Source: 
http://www.poweriseverything.com/impt-
info/hybridsyspage.html  

Figure 16. Wind/PV Hybrid Power System. 

Figure 15. Parallel PV/Diesel Hybrid Power 
System. 
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ADVANTAGES AND DISADVANTAGES OF HYBRID POWER SYSTEMS 
 
Advantages 
 
• Reduced fuel consumption – by the addition of renewable energy sources and efficient 

operation of diesel generators. 

• Lower life-cycle cost compared to stand-alone PV power system and diesel-only power 

system. 

• Increased Reliability – The two independent power systems provide redundancy and possibly 

greater overall reliability if the hybrid system is properly maintained and controlled. 

• Design Flexibility – The design of a hybrid system depends on the load mix between the 

engine generator and the renewable resource. For example, as the size of the PV array 

increases the operating time of the generator goes down. This saves fuel, lowers 

maintenance, and prolongs generator life but the initial cost will be higher than a power 

system with a smaller PV array. For a hybrid power system the size of the battery bank is 

usually smaller than for a stand-alone PV system designed for the same application. This is 

because the fuelled generator will be available to keep the battery state-of-charge above the 

recommended limit. When sizing the batteries, it should be noted that the generator charging 

current does not exceed the recommended charge rate for the battery (usually less than C/3). 

• Can be the most economic option where fuel is expensive and the renewable energy source 

is good. 

• Reduced environmental impact. 

• Lower-lifecycle costs possible for peaky loads, peaky input resources or growing fixed loads. 
 

Disadvantages 
 
• Additional investment cost of renewable energy sources, batteries5 and power electronics. 

• Limited experience of customers and supply utilities with renewable energy and hybrid power 

system technology. 

• Systems are generally more complex. 

• Life-cycle economic analysis required – based on detailed system simulation. 

 

 

                                                 
5 The safe disposal of batteries is an important environmental consideration to account for when designing systems 
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ECONOMIC ASPECTS OF HYBRID SYSTEMS 
 
Many power system decisions are made strictly on initial cost. If funds are limited than it may not 

be possible to include a renewable generator even if all factors point to a hybrid as the best long-

term power supply. To compare the cost of a hybrid power system with a fuelled generator alone, 

a life-cycle cost (LCC) analysis is carried out. This allows for the reconciling of the higher initial 

cost of the renewable generator and the higher operating and maintenance costs of the 

conventional generator by converting all costs to their present value. Assumptions about the 

system’s expected lifetime, inflation rate, future fuel use, maintenance, replacement, 

transportation costs, overhaul expense, and salvage value have to be made. 

 
What is Life-Cycle Costing? 
 
Life-Cycle Costing is the most common methodology for determining the cost effectiveness of 

energy projects in institutional, governmental, commercial and industrial applications.  

 

Life-cycle costing involves summing all of the relevant present and future costs associated with a 

project over the period of the evaluation, with the costs in any one-year discounted back to the 

base period. The discounting process seeks to reflect the time value of money and reduces all 

future sums of money to an equivalent sum in the base period.  
 

A comparison of the LCC for two alternatives determines which project is cost-effective – a lower 

LCC (equal in all other aspects) is considered more cost-effective.  

 

Assumptions of Life-Cycle Costing 
 

• Initial capital costs are considered as a lump sum at the start of the analysis (i.e. in period 

0); 

• All recurring costs (e.g. operating and maintenance costs) begin to accumulate in the first 

period (i.e. after period 0); 

• Costs in any period are lumped together and are considered to occur at the end of that 

period; 

• Inputs such as salvage values are considered as negative costs; and 

• The rate at which recurring costs increase may differ between cost sources. 
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PV/Diesel Hybrid Power System Capital/Operating Costs 
 
The following example gives a simple life-cycle cost (LCC) comparison for the three basic types 

(prime diesel, stand-alone PV power system, PV/Diesel hybrid power system) of a centralized 

village power system (Figure 17). The LCC for the three systems are analysed under an 

equivalent set of assumptions.  

 

 
 

 

 

 

 

 

 

 

  Figure 17. Comparing Costs of Hybrid Power System with other generation system using LCC Analysis. 
 

Assumptions 

The power requirements are assumed to be lighting, refrigeration, communications and 

entertainment. The cost of the transmission and distribution system would be the same for all 

three systems and for simplicity purposes, omitted from the comparison. The peak load, based on 

15-minute averages, is assumed to be 45 kW in the evening. The energy usage is assumed to be 

480 kWh per day. For the LCC analysis the life for each system type is held at 20 years – this is 

based on the expected life of the PV modules.  

 
 
Table 2. Life-Cycle Cost Comparison. 

 
 

Item Prime Diesel Stand-Alone PV Hybrid Power System 
Capital costs $140 000.00 $2 000 000.00 $600 000.00 
Fuel (total) $1 200 000.00 $0.00 $500 809.00 
Maintenance Total $150 500.00 $14 732.00 $24 480.00 
Replacements $135 500.00 $337 918.00 $130 641.00 
Total Life Cycle Costs (LCC) $1 626 000.00 $2 352 650.00 $1 255 930.00 
Cost per kWh $0.46 $0.67 $0.36 

Centralised Village 
Power System 

Electricity  
Generation 
Option 

Prime Diesel 

Standalone PV 
Power System 

PV/Diesel Hybrid 
Power System 

LCC 
Analysis 

Cost  
Per 
kW 
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Comparison of Diesel, Stand-Alone, and Hybrid System 
 
Table 2 summarizes the capital, operating, maintenance and LCC for the three power system 

options. The prime diesel-based power system has the lowest capital costs for this comparison, 

but it also has the highest operating costs over the 20-year life of the system. The stand-alone PV 

system is the exact opposite with the highest capital costs and lowest operating costs.  

 

The stand-alone PV system has the highest overall lifecycle cost of energy ($0.67 per kWh). The 

PV/diesel hybrid power system has an intermediate capital cost, but has dramatically reduced 

operating costs as compared to the prime diesel power system. The operating costs of the 

PV/diesel hybrid power system is slightly higher than that of the stand-alone PV power system.  

The PV/diesel hybrid power system has the lowest overall life cycle cost of energy ($0.36/kWh). 

 
 

HYBRID POWER SYSTEM SIMULATION 
 

Because of the complex nature of hybrid system design and the large number of factors to be 

taken into account, simulation software proves to be very useful during design. A very practicable 

example of this is Homer6 developed by the U.S. National Renewable Energy Laboratories. This 

software has been verified against both real systems and other simulation software. Other 

simulation software is also available on the internet.  

  

The software simulates the provision of a certain demand profile to be supplied by a number of 

hybrid components such as a diesel generator, wind turbine, PV array, hydro generator, battery 

bank, and converter. The program then calculates the contribution of the renewable energy 

components on the basis of a resource profile, such as insolation data or wind measurements. 

Further options include the optimisation of the ‘best fit’ amount of solar or hydro components, 

given the demand and resources.   

  

To indicate the possibilities of the software, Appendix 2 shows a case-study of a small island that 

is to be provided with a hybrid system. It consists of a diesel genset, a number of wind turbines 

and a PV solar array. 

 
 
 

                                                 
6 See also www.nrel.gov/homer for more information and free download 
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STEPS IN HYBRID POWER SYSTEM IMPLEMENTATION 
 

The following steps (Figure 18) are suggested to ensure the successful implementation and 

operation of any project, but especially apply to ensuring the success of hybrid power systems. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

. 

 

 

 

If the company offering the hybrid system does not have a proven
track record, or is not likely to survive in the long term,the
implementing agency may find it has no support once the service

problems arise. 

Hybrid System Implementation

Initial Planning
All elements of the project considered at this stage. Load magnitude & 
profile determined here. DSM considered.

Resource Assessment
The magnitude, reliability, time variation and cost of the input
resource should be determined.

Implement Support Infrastructure
Need institution / organization responsible for operator & consumer 
training, and maintenance etc.

Equipment Specification
When deciding on a technology to provide Power, the chances of 
success are greatest when proven technology is used-small demo.

Tender Letting and Assessment

Let Contract
When a contract is let, a small deposit (around 10%) is usually made.If the 
project is large enough, progress payments may be made when various 
milestones are reached.

Training of Operators and Maintenance Personnel
The potential savings of hybrid systems will not be realised if equipment 
lifetimes are decreased due to poor operation or maintenance practices.

Installation and Commissioning
A well overseen installation, with a well thought out commissioning phase 
will highlight any problem areas before they become catastrophic.

Ensure Operation and Maintenance Procedures Adhered To
If operating and maintenance procedures are not closely followed Hybrid 
system breakdown is likely, and it is likely the manufacturer / service agent
can rightly refuse to repair the system under warranty.

System Monitoring & Reporting
With adequate monitoring and reporting, advance warning can often be made 
of imminent breakdowns plus conclusion can be drawn about the success or 
otherwise of the system.

Figure 18. Steps in Hybrid Power System Implementation 
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POTENTIAL OF HYBRID POWER SYSTEM IN THE PACIFIC REGION 
 

The provision of electricity to many small communities, particularly those on smaller islands, is 

expensive. In these areas electrical generation schemes are based around small diesel generator 

sets, with the capital cost of the units being subsidised by Government. In most cases the capital 

cost as well as all the operating costs are covered by the villagers. A number of options (including 

wind-, wave-, solar-, hydro- and biomass-powered technologies) for the generation of electricity 

on a scale appropriate to the needs of small communities have been considered for small isolated 

communities. A better approach to meeting the demand for electricity generation in such remote 

and demanding environments is a hybrid system. 

 

Solar energy is quite abundantly found in the Pacific island countries. The Pacific Islands Forum 

Secretariat, the Energy Division∗ initiated the Southern Pacific Wind and Solar Monitoring Project 

in 1993. The goal of the project was to establish, at a suitable site in each participating country, a 

wind and solar radiation monitoring system for evaluating the potential of wind power for main-

grid electricity generation, and to record and analyse wind and solar energy data for a period of 

two years. Refer to Table 3 for annual average daily totals of solar radiation, wind energy flux7 

and wind speed.  

 

Table 3. Wind Speed, Wind Energy Flux, and Daily Solar Radiation in the Pacific Region (Southern Pacific Wind and 
Solar Monitoring Project, 1997). 

 

While the relative cost of the alternative options will vary, based on site-specific considerations 

and design decisions, a rule-of thumb is that in remote Pacific locations, solar PV technology is a 

technically viable option given sufficient sunshine for rural electrification for consumers with 

limited energy needs, such as for household lights, TV and a transistor radio. However, the cost 

still remains high. A PV/wind, wind/diesel or PV/diesel system has good potential in the Pacific. 

                                                 
∗ Now part of the SOPAC Community Lifelines Programme 
 
7 The wind energy flux is primarily dependent on wind speed, being proportional to its third power 

Wind Monitoring Site/Location Wind Speed 
(m/s) 

Wind Energy Flux 
(W/m2) 

Daily Solar radiation 
(Wh/m2) 

Ngatangiia, Rarotonga, Cook Islands 5.5 179 4300 
Vunatovau (10 m), Viti Levu, Fiji 5.5 188 >4800 
Vunatovou (21 m), Viti Levu, Fiji 5.7 204 >4800 
Hakupu, Niue 5.9 219 4600 
Tungi Estate, Tongatapu, Tonga 4.2 77 >4500 
White Sands, Efate, Vanuatu 4.7 116 >4600 
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The Papua New Guinea Government received 50 sets of wind/solar hybrid power systems from 

the Government of the Peoples Republic of China in June 2002. The estimated cost of the 

equipment was in excess of US$270,000. The equipment will be installed as demonstration units 

in various locations of the country. The Chinese Government had also provided a team of two 

experts to conduct a training course on the wind/solar hybrid system as part of the aid package. 8 

 

 

EXAMPLES OF HYBRID POWER SYSTEM PROJECTS IN THE PACIFIC REGION 
 

Hybrid Power System at Nabouwalu, Vanua Levu, Fiji Islands 

The hybrid power system installed in Nabouwalu (Figure 19), Vanua Levu, supplies energy to 

government centres, hospitals and domestic consumers. It was initiated in 1995 by the Pacific 

International Center for High Technology Research (PICHTR) in Hawaii and the Fiji Department 

of Energy (DOE). Funded by the Government of Japan, the construction and civil works for the 

Nabouwalu hybrid system began in July 1997.  

 

The electricity comes from three sources: diesel (2 × 100 kVA), wind (8 × 6.7 kW), and solar (40 

kW). These sources are used to energize a DC bus, which supplies the energy to run a rotary 

inverter (100 kVA), which is used to meet the load. If more energy is supplied than required to 

meet the load, excess power is used to charge a battery bank and stored for later use. 

 

The Three Sources of Energy 

The largest energy source (most kWh on an annual basis) is a group of eight 6.7 kW wind 

turbines. The next largest source of energy is a solar photovoltaic (PV) array, providing 40 kW of 

power. The smallest component of the energy supply is generated by pair of diesel-powered 

generators (100 kVA). These generators produce 50Hz, three phase, 415 Volt output, which is 

converted to DC by a battery charger. The inverter is rated at 100 kVA continuously. It produces 

up to 150 kVA for one minute and can produce much more during motor-starting transients. The 

hybrid design envisaged that the system would produce 80% of electricity from renewable energy 

resources with the balance from diesel generators. 

 

The system has been reviewed and the following are the lessons learnt. 

                                                 
8 Source: Pacific Energy Newsletter, Issue 3, September 2002, SOPAC. 
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Lessons Learnt9 

• Reliability is paramount and is based on: simplicity, capacity, redundancy and history; 

• Affordability is another extremely important design consideration; 

• Installation requirement must match in-country capabilities; 

• Eight Bergey wind turbines provided plenty of redundancy but they were difficult to fit into 

the site. Three or at most four larger turbines  (not available) would have been better; 

• It was necessary to relocate 4 of 8 due to wind sheltering / shear caused by nearby ridge; 

• PV modules with high voltage cable connections built into the module, take much less time 

to wire; 

• If diesel is used to bring the village on line, the load must be segmented and placed on the 

grid in sequence; 

• Initially, major problems with the systems involved the gensets, due to fuel quality 

problems; and 

• Since hybrid power system installation there has been an increase in power quality and 

availability. 

 

 

 

 

 

                                                 
9 Vega, L., 2003. Nabouwalu, Vanua Levu Hybrid Power System Design, Training on Renewable Energy Resource Assessment, 26-30 May 2003. 
 

Figure 19. Nabouwalu Hybrid Power System 
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Telikom PNG PV/Diesel Hybrid Power System 

 

Telikom PNG installed a 800-W hybrid power system at Mt. Kerewa. Altitude – 3531.5 metres, 

humidity – 80%, and ambient temperature of 270C. The original planning brief was for Telikom to 

use a 8-kVA Lister diesel engine in combination with solar photovoltaic. Calculation of the actual 

power (output) yielded only 4 kVA (8 kVA × 0.465= 4 kVA, 8 kVA – 4 kVA). Therefore the genset 

size was increased to about 12 kVA to handle the 8 kVA load.10  

 

Initially Telikom PNG started off with a hybrid design on 60% solar and 40% diesel genset load 

sharing between two power systems. But this became uneconomical, as generator run time was 

more than 6 hours per day, which meant fuel had to be airlifted every 3 months. To rectify this, 

solar panels of higher wattages (75 Watts) were installed replacing the 45 Watt panels, and extra 

sub-arrays were also installed, the changes were made so that now all Telikom sites are 

designed to run on a 100% solar supply and if voltage level drops any time during the day the 

generator comes on line and carries the load.  

 

 

CONCLUSION AND RECOMMENDATIONS 
 

The role which renewable energy-based hybrid power systems play in meeting the increased 

demand for clean electricity and assisting economic development is not fully appreciated, and has 

largely been ignored in national plans. Diesel generators are typically used in providing electrical 

power in most off-grid remote areas.  

 

Like the introduction of any new technology, issues such as suitability, appropriateness and 

sustainability arises. Hybrid power systems have not been used widely in the Pacific Region, 

hence the lack of confidence in the technology. With the high import of fuel in the region, hybrid 

energy systems could be an appropriate technology to reduce fuel consumption and 

environmental hazards. 

 

Major concerns of hybrid power system projects are highlighted below: 

• Systems over designed; 

• Inaccurate data used in design; 

• Measurement of data needs verification; 

• Location of wind turbine needs specific site assessment; 
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• Large component of local training; 

• Crucial to have donor or government support for follow-ups, maintenance and operation, 

and this needs to be accounted for in the project design. 

 

A major hindrance to the use of hybrid energy systems is the high initial capital cost. Though 

overall life-cycle cost is less compared to diesel-only power systems, other factors that are difficult 

to assess are the reliability required for the energy supply and familiarity of the operator with the 

technology. The potential savings of hybrid systems will not be realised if equipment lifetimes are 

decreased due to poor operation or maintenance practices.  

 

With good resource assessment, system sizing, economic analysis, operations and maintenance 

practices, hybrid power systems in the Pacific region are feasible, viable options with the added 

benefit of being environmentally friendly.  

 
 

                                                                                                                                                             
10Mandawali, E., 1996. PV/Diesel hybrid Power Systems, Radio and Transmission Section 
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APPENDIX 1 
 

GLOSSARY 
 
Alternating Current (AC) – Electric current that reverses its polarity or direction of flow in regular cycles (in 
contrast to Direct Current). Mains electricity in the region is largely 220-240 volts and alternates (or cycles) 
50 times per second, i.e. 50 Hz. In FSM and Marshall Islands, the mains electricity is 110V and 60Hz. Many 
wind turbines, micro-hydro generators and most petrol and diesel generators produce alternating current. 
 
Ampere or Amp (A) – The unit of electric current. 
 
Array, Photovoltaic or Solar – A number of PV cells connected together form a PV panel. A number of 
photovoltaic (PV) panels connected together form a PV array.  
 
Battery – A general term for a device that accumulates and stores electricity for later use. They are 
charged by feeding in electrical energy. Lead acid batteries are the most common type of storage battery. 
Batteries can be connected together to form a battery bank to meet specific voltage and load requirements. 
 
Battery Charger – This device converts electricity from AC to DC and supplies a voltage and current 
suitable for the charging of batteries. 
 
Capacity – The output of any electrical apparatus, eg. generator in kW, a battery in amp hours (Ah) 
 
Capital Cost – The cost of a project’s construction, including design costs, land costs, commissioning and 
other costs necessary to build a facility. This does not include future operating and maintenance cost. 
 
Direct Current (DC) – Direct current is electric current which flows in one direction only. It is produced by 
PV modules, batteries, some petrol/diesel generators, and small wind turbines and micro-hydro generators. 
 
Fossil Fuel – Fuels such as oil, natural gas, and coal, formed from organic material deposited millions of 
years ago. 
 
Generator – (Electrical) Electrostatic or electromagnetic device for converting mechanical energy into 
electrical energy. Generators can be built to produce either direct current (DC) or alternating current (AC) 
outputs.  
 
Hybrid Power Systems – In a hybrid power system, electricity is produced by two or more types of 
generation sources. The most common generation sources for a hybrid system are photovoltaic and wind 
turbines combined with a petrol/diesel generator. 
 
Inverter – An inverter is a device, which converts a DC electrical input into an AC output. It enables 
conventional AC appliances and equipment to be run from a DC power source. 
 
Life-Cycle Cost Analysis (LCC) – Life-Cycle Cost Analysis involves summing all of the relevant present 
and future costs associated with a project over the period of the evaluation, with the costs in any one year 
discounted back to the base year. 
 
 Load – The amount of electricity/energy being consumed at any one time. It is instantaneously measured 
in units of watts (W). Maximum load is the maximum amount of watts drawn by an electrical 
equipment/appliance during a given period and identified as Peak Load. 
 
Load Factor – The ratio of the average system load to the peak system load. Load factor is an indicator of 
the excess generating capacity that is required to serve peak loads, as well as the ‘peakiness’ of the load. 
 
Operational and Maintenance Costs – The recurring costs for operating and maintaining the value of 
physical assets. 
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Power – The capacity to perform work. Measured in joules/sec or watts. Electrical power is measured in 
watts (W). 
 
Power Conditioning – Changing power from one form to another, e.g. DC to AC electricity (with an 
inverter) or from one voltage level to another (with a transformer), or possibly incorporating some form of 
control (e.g. battery regulation). 
 
Rectifier – A device (such as a diode) that converts AC to DC.  
 
Regulator – A device that controls the voltage from a varying generating source such as a turbine or PV 
module. Usually employed to control the charging or discharge rate of batteries. 
 
Renewable Sources of Energy – Refers to biomass, solar radiation, temperature differences that produce 
currents in deep oceans (OTEC) or that are found in rocks beneath the earth’s surface (geothermal) air 
pressure differences that produce winds, and natural or man-made differences in water levels (hydro, 
pumped storage and tidal).  
 
Silicon – The most abundant element on the surface of the earth. A non-metallic semi-conducting element. 
Its unique atomic structure makes it suitable for use as a solar cell. 
 
Transformer – An electrical device, without moving parts, which transfers AC electricity from a primary 
circuit to a secondary circuit, generally with a stepping up or a stepping down of voltage. Transformers are 
essential to the efficient transmission and distribution of electricity.  
 
Volt (V) – The unit of electromotive force or potential difference, loosely the “electrical pressure” or more 
commonly, voltage. 
 
Volt Ampere (VA) – A commonly-used unit for expressing the rating (size) of an AC electrical device (eg. 
generators, transformers, inverters). Due to the operating power factor of the device, the VA rating is often 
higher than the power (watt) rating. 
 
Watt (W) – The International Standard (SI) Unit for power. Power is the rate of doing work. One watt 
represents one joule/second. 1 horsepower = 746 watts.  
 
Watt Hour (Wh)/Wattage – The unit of electrical energy. Energy equals the power multiplied by the time it 
is applied. Grid electricity is normally sold by the kilowatt-hour. 
 
Wind Energy Flux – The wind energy flux is calculated from wind speed using the formula: 

F = ½ ρv3 

Where  F = wind energy flux (W/m2) 
  v is wind speed (m/s) 
  ρ is air density (1.225 kg/m3) 
The wind energy flux is primarily dependent on wind speed, being proportional to its third power. However, 
the density of air can vary by some 10% over the range of temperature and pressure normally experienced 
in the South Pacific.      
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APPENDIX 2 
 

HYBRID POWER SYSTEM SIMULATION EXAMPLE11 
 
Below is an example of a Homer12 simulation of a small island load supplied by a generator and Renewable 
Energy Components. To be able to perform a meaningful simulation, a number of steps need to be taken. 
Below, these steps are described and the results displayed.  
 
Load Profile 
 
The basis for the simulation is the load profile of the island. This can be measured or estimated. The 
average daily load profile entered into the system is made more ‘realistic’ by means of noise, superimposed 
daily and monthly. Below is an example of an average daily load profile. 

 
Figure 1: An Example of a Daily Average Load Profile  

 
Supply Component Selection 
 
After the load profile has been entered and 
Demand Side Management Options have been 
looked into, the components of the system are 
chosen. In this example, we have chosen for a 
genset, wind-turbines, a bi-directional converter 
(inverter and rectifier), a battery bank and a PV 
array.  
 
(see Figure 2 for a screenshot of the component 
selection.) 
 
After the components have been chosen and 
connected, each individual component can be 
described.

                                                 
11 This example has been compiled by Jan Cloin, Energy Adviser, SOPAC 
12 See www.nrel.gov/homer for more details and free download 

Figure 2: Screenshot of Component Selection
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Component 
Definition 
 
Figure 3 shows a 
screenshot of the wind 
turbine definition. Apart 
from the costs, the 
power curve and the 
lifetime can be defined. 
The software comes 
with some mainstream 
wind turbine types but 
all variables can also 
be entered manually. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The block “sizes to consider” can be filled with integers that the software should simulate in order to obtain 
the best set-up for the particular load. 
 
 
Resource Definition 
 
Just like the component definition, the 
available resources on site can be defined. 
The yearly wind profile can be measured or 
estimated and be entered in the system. 
Below is an example of a wind profile for the 
system to be simulated.  The same can be 
carried out for the Solar or Hydro resource, if 
necessary.  
 
 
 
 
 
 
 
 
 
 
 

 

Figure 4: Monthly Average Wind Profile and Weibull Distribution Example. 

Figure 3: Component Definition: Wind Turbine Example 
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Optimisation of Components 
 
In the example described above, the average load of the island is 800 kWh per day, distributed as given in 
Figure 1. The size of the components to be considered need to be found on the basis of trial and error. In 
the table below, the sizes to be considered for the island are given. The software optimises for cost of 
energy, given constraints in terms of minimal Renewable Energy fraction, CO2 emissions or other non-
monetary variables. 
 

Table 1: Optimisation Variables 

Component: Wind Turbine 
[20kW] 

PV Array 
[1 kW] 

Battery Bank13 [4 
V, 1900 Ah] 

Converter 
[bidir*10 kVA] 

Genset [*10kVA] 

1 2 6 10 10 
2 4 12 20 20 
3 6 18 30 30 
4 8 24 40 40 
5 10 30 50 50 
6 12 36 60 60 
7 14 42 70 70 
8 16 48 80 80 
9 18 54 90 90 

Am
ou

nt 
of 

un
its

 

10 20 60 100 100 
 
 
Output 
 
The entering of 5 times 10 possibilities gives the software 105 options to choose from. After simulation, the 
software comes back with the following14: 
 

Wind Turbine PV Array  Battery Bank  Converter  Genset  Component: 
4 * 20 kW 8 kW 15,200 Ah 60 kVA 50 kVA 

 
 
Furthermore, an overview of costs and economic analysis are available (Figure 5):  

 
 
 

 
                                                 
13 System DC voltage is 24 Volts 
14 This is just an example: with different equipment or different constraints (price of fuel) the outcome will also be different. 

Figure 6: Economic analysis results 

Figure 5: Screenshots of the Results of the Economic Analysis 
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Next to financial analysis, also the contribution of the different components can be analysed. Figure 6 
depicts, for example, the contribution of wind throughout the day, per month. 
 

 

Figure 6: Contribution of PV Array and Wind Turbines to the Power Supply 

 
 
 
 

 
Figure 7: Output Graph for Two Consecutive Days with PV, Wind, Generator and Demand Curves 
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Further options of the software include the performance of sensitivity analysis on boundary variables such 
as the price of fuel or the resources available. 
 
 

CONCLUSION 
 
Homer Software is a practicable tool for the initial considerations and design of a hybrid system. 
 


