Basic information about developed

Calculator for solar / wind hybrid power supply

It simulates behavior of the system for off grid power supply (components: solar panels,
wind generator, batteries and diesel generator)

Enables omitting of each of the components (for example wind generator)
Available extendible data base with:

0 relevant catalogue data about commercial equipment

o0 latitude of locations

0 relevant parameters for solar calculator

O ambient temperature
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1. Input data

Main input data:
e Location
e Flectric load

Wind input data

Specification of equipment
e Period of calculation

Data specified in data base are available from internet sites.

Select Type Of Calculus

“ Solar and Wind " Only Solar " Only Wind
Select Location Data About Load Data About Wind Generator
Location ‘ Beograd j Total DC battery load [W] 8235 Manufacturer | Proven j
PV modules 1 Model | WT2500 2,5kW =
Tilt [] 32 Orientation [] 0 Manufacturer and model Deka Solar 86U4 - Surface roughness | Hrapava j
Manufacturer and model of PV module Batteries: 27 Rotor Hight 35
series: 1 4‘ »
Suntech STP 175 - 24 ¢ =
paralell: 27 ar Elevation 453
Number of panels: 10
seriest 10 4 r Voltage of batt. system: 12V
Capacity of batt. system: 6075 Ah Additional data
paralell: 1 4
Desired capacity: 4706  Ah Albedo 0,158
Dirtiness degree of surface of PV: Clear -
Performance factor 1 Show data for a period
Performance factor 1
From 1.12.2007 - To 31.12.2007 -

PV modules 2 Additional calculator for initial battery
Tilt [1] 32 Orientation [] 0

Inital battery calculator

Manufacturer and model of PV module

| Kyocera KC120GH2P -] Reset Delete resuits
Number of panels: 1l_) Diesel generator power [W] 5000
series: 10 ﬂl s S
paralell: 1 ﬁl
Dirtiness degree of surface of PV: Clear -

Performance factor

i



2. Solar calculator
e The calculation is based on daily values of clearness index (ratio of horizontal irradiance at

the earth surface to horizontal extraterrestrial irradiance)
Relevant factors for the energy produced by solar panels are considered:
e Three existing components of solar irradiance (direct beam, diffuse and reflected)
e Orientation (slope and azimuth) of solar panels
e Ambient temperature (available from database)
e Dirtiness degree of PV module surface

e Factor of ageing of solar panels

Some highlights from the methodology:

e (alculation of the angle between beam, coming directly from the sun, toward the horizontal

surface

e Precise position of the earth (orbiting around the sun) at ecliptic plane for every given day

during the year, and sun position on the sky during the day
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e The influence of orientation of solar panels to irradiation on its surface
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Energy produced by the panels calculated from input irradiance:
e Based on equations derived from equivalent circuit of solar panel

e Standard parameters of solar panels are used (open circuit voltage, short-circuit current,

MPP voltage and current etc.)



3. Wind calculator

Input data for wind calculus are:
e Necessary: to define the data about wind velocity on specific height (at least one)

e Surface roughness factor

Rotor height

Elevation (h)

Temperature (available from data base)

Some highlights from the methodology:

e The energy produced by the wind generator is estimated based on wind velocity at
the position of wind generator

e The re-calculation of measured wind velocity at specific height to rotor height:
0 Based on typical roughness factors

0 Based on roughness factors estimated on measurements on two heights



Power of wind generator calculated from wind velocity at rotor height:
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4. Battery calculator

Some highlights from the methodology:

e The capacity is being continuously re-calculated to actual ambient temperature

e The dependence of energy lost on temperature dependent internal resistance of the

battery is being continuously calculated

e There is auxiliary program for initial design of the battery (for a given load, critical

ambient temperature and hours of autonomy, initial battery is calculated). Such

battery can be used in further simulations.

Data About Load Addtional Calculator For Initial Battery | x|

Total DC battery load [WW] I G235

Data About Batte

Manufacturer and model I Deks Solar 804 j

Batteries: 27
seriss: 1 1E » I
paralell: 27 4; ll

Voltags of batt. system: 12 WV
Capacity of oatt. system: 6075 Ah

Desired capacity: I 4706 | Ap
Performance factor I 1

Additional calculator for initial battery

Inital battery calculatcl

Diesel generator power [VW] I 2000

— Additional caculatar Far initial batkery

Mominal volage of batkery 124
Maminal valkage of batkery system: 124
Eatery capacity: 22540

battery syskem capacity:  6OTSAR

AC Load [W] 700

DC Load ['W] I a
Inverter efficiency I 0.85
Ambient kemperature [C] I -10

Hours of aukonomey [h] I 45

Manufacturer and model of battery: Deka Solar 8GU4

Batteries in series I 1 ::I Batteries in pararell I 27 i’

[6]'4 Cancel

5. Concept of the software
e Applied tools

0 Excel (input and auxiliary output data),

0 VBA (calculation routines and generation of graphical reports),

0 Access (data base)




6. Results and other output data

Following output data of hourly values for every day of a chosen period:

Power output of PV modules

Power output of wind generator
Capacity of battery

Amount of energy drawn from battery
Energy of diesel generator to Load
Energy of diesel generator to Battery
Beam, Diffuse and Reflected irradiance

Global irradiance (the sum of previous three)

Output data of daily values of:

Generated energy by PV modules
Generated energy by wind generator
Used energy created by solar and wind
Unused energy created by solar and wind
Generated energy by diesel generator
Capacity of battery at the end of the day

Total irradiation reaching the surface of PV module

Global data for the complete specified period:

Estimated investment and operational costs

Overall produced energy by PV modules and wind generator
Total wasted energy by PV modules and wind generator
Total given energy by diesel for a specified period of time

Number of working hours of diesel generator



The most important results are presented in graphical forms:

(Configuration: 15 x 175W Solar panel, Wind generator 2.5kW, Battery capacity 6075Ah, Diesel
10kW)
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Energy Values For Given Period
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Components of Energy Balance

® Total energy from diesel generator [kWh]
H Part of energy generated by solar and wind which is wasted [kWh]

m Part of energy generated by solar and wind which is used [kWh]

Components of Energy Balance

B Total energy from solar panels [kWh] H Total energy from wind generator [kWh]

1 Total energy from diesel generator [kWh]
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