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ABSTRACT

A solar power system is designed for offshore platform in order to supply power to
DC loads such as emergency lighting, VHF radio, remote terminal unit, well head
control panel, multiphase flow meter, fire and gas panel, marine lantern, and fog horn
system. In this project, the main objective is to design, analyze and sizing the solar
power system for DC loads at offshore platform. This project will be beneficial for oil
and gas industries in installing their offshore platform because by using the solar
power system, they can actually reduce the cost of the project in terms of supplying
the DC power. A study concerning the economics of solar versus generators as a
choice of power was conducted. The study considers all costs involved: modules,
mounting structure, pumps, miscellaneous components, installation, operation,
maintenance, yearly inspection, component replacement and salvage value. The study
concludes that, the use of solar power is more reliable in terms of cost and minimum
environment impact. The solar power system will be installed at a new minimum
facilities wellhead platform. A common perception about solar energy is that it is
expensive, but it is just the installation cost that is quite higher compared to others
power supply. For an investment that will last for twenty years or more, solar power
systems are very cost effective. There is almost no running cost and the replacement
costs of some equipments such as batteries only occurs once in every few years. The
concern is not only in solar panel, but includes baitery storage system. The project is

completed by designing, choosing, calculating and verifying the designed systems.
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CHAPTER 1
INTRODUCTION

1.1 Background of Study

Photovoltaic systems convert light energy directly to electrical energy. The basic
photovoltaic or solar cell typically produces only a small amount of power. To
produce more power, cells can be interconnected to form modules, which can in turn
be connected into arrays to produce yet more power. Because of this modularity, PV
systems can be designed to meet any electrical requirement, for power needs ranging

from milliwatts to megawatts.

A
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R

They can be used to provide power for applications as small as a wristwatch to as
large as an entire community. They can be used in centralized systems, such as a
generator in a power plant, or in dispersed applications, such as in rural area which is

not readily accessible to utility grid lines.

A solar energy technology potentially suitable for use in offshore ocean environments
includes photovoltaic technology. The hot environment, in the middle of the sea is

just perfect for installation of solar power system.



The solar power system will be insialled on the offshore platform situated
approximately 150 km southwest of Hazira in the Gulf of Khambat, offshore Gujarat
Province, India. This platform is a new minimum facilities wellhead platform (named
as MTA Platform) located at the Mid Tapti Field Gas reserves. The MTA wellhead
platform shall normaily be unmanned. The MTA wellhead platform is designed based
on minimum facilities concept. The unmanned minimum facilities wellhead platform
shall be designed without the need of AC power .The solar panel will supply the DC
power to several DC loads. During normal operation, which is unmanned operation,
the only permanent power envisioned will be solar cells. During manned operation,
the platform power supply shall be provided by Portable Diesel Engine Generator for
the normal loads such as AC lighting system, receptacles, helideck lighting and
charger for solar battery system. The solar power system shall be designed to meet

the load requirements for MTA platform.

1.2 Problem Statement

1.2.1 Problem Identification

A study concerning the economics of solar versus generators as a choice of power
was conducted. The study considers all costs involved: modules, mounting structure,
pumps, miscellaneous components, installation, operation, maintenance, yearly
inspection, component replacement and salvage value. The study concludes that, the
use of solar power is more reliable in terms of cost and minimum environment
impact. As for installation at offshore platform, the solar panel can be the best power
source for some of the loads while decreasing the overall cost of offshore platform. In
this project, a solar photovoltaic system will be designed to supply the DC loads
requirements for offshore platform. The photovoltaic module shall be able to produce
the required power to the loads.



1.2.2 Significant of the Project

The cost of installing and maintaining the offshore platform is a gigantic cost. There
were some ways in reducing the overall cost while at the same time did not affect the
productivity of the process. If the diesel engine generator that normally be used at
offshore platform can be replaced by solar power system, then the industry should
give opportunity to solar power system to prove that it also can be useful for oil and
gas industry. The solar power system can be used at unmanned offshore platform that
require a small amount of power supply. For continuous loads such as emergency
lighting, remotie terminal unit, wet gas flow meter, fire and gas detection system
panel, navigational aids lantern, and fog horn system, it is best to choose solar power
system rather than generator. Even though the initial cost of installing the solar power
is high, but the maintenance cost is minimal and we can say its maintenance free. So,
for an offshore platform, which is an investment that will last for 20 years and more,
it is advisable to use the solar power system. This project is significant in supplying
electricity to the DC loads for offshore platform from the solar module rather than the

generator.

1.3 Objectives and Scope of Study

The objectives of designing solar power system for offshore platform are:

e To identify the most suitable type of solar power system for MTA Platform

e To design a solar power system that meets the DC power requirements of
MTA Platform

o To determine the optimum type and size of solar panel required for above
system

e To calculate the battery capacity for above system

In designing the solar power system for offshore platform, there are several things
need to be done and taken into consideration. Before designing the solar power

system, the total load requirements at the platform have to be identified and



determined. The solar panel is being designed and sized in accordance with the total
load requirement. Each photovoltaic solar panel array will consist of required number
of individual panels. The solar panel will connected in suitable series-parallel
combinations to obtain the required voltage and current rating with the aim of
meeting the system requirements. The solar modules shall have suitable encapsulation
and sealing arrangement to protect the cells from the environment. The arrangements
of the solar panels also have to be considered to utilize the minimum space on the

platform.

Designing the solar power system includes designing solar array and other electrical
equipments such as battery, solar regulator, and inverter (if needed). The battery will
store the power generated during the day and can be used to supply the load when bad
weather condition (cloudy days) and during night. The battery banks shall be charged
from the surplus power available from the solar panel array when the sunlight is
available and will supply the solar electric power from the solar panel when the
sunlight is inadequate under cloudy condition and during nights. But, if overcharging
occurs, it will damage the battery and the system. Therefore, to prevent solar panel
from overcharging the battery when it is full charged, the charge controller wall be
designed along with the system. The charge controller will regulate the charge of the
battery, regulate the distribution voltage and monitor the battery charging current
from the solar panel. It will disconnect the battery from solar panel when it is fuil

charged.



CHAPTER 2
LITERATURE REVIEW

2.1 Introduction

The photoelectric effect which is the fundamental principles in photovoltaic was
discovered in 1839 by Becquerel when light was incident on an electrode in an
electrolyte solution. Thirty-eight years later, in 1877, Adams and Day observed the
effect in solids while working with selenium. Afier the discovery of photoelectric
effect, several pioneers such as Schottkey, Lange, and Grandahl did researches with
selenium and copber oxide. In 1954, researchers at RCA and Bell Laboratories
reported achieving efficiencies of about 6 percent by using devices made of p and n
types of semiconductor. Further researches were made resulted in improvements in

the photovoltaic devices. [1]

Photovoltaic (PV) or solar cells are semiconductor devices that convert sunlight into
direct current (DC) electricity. Groups of PV cells are electrically configured into
modules and arrays, which can be used to charge batteries, operate motors, and to
power any number of electrical loads. A typical silicon PV cell is composed of a thin
wafer consisting of an ultra-thin layer of phosphorus-doped (N-type) silicon on top of
a thicker layer of boron-doped (P-type) silicon. An electrical field is created near the
top surface of the cell where these two materials are in contact, called the P-N
junction. When sunlight strikes the surface of a PV cell, this electrical field provides
momentum and direction to light-stimulated electrons, resulting in a flow of current

when the solar cell is connected to an electrical load.



Photovoitaic cells are connected electrically in series and/or parallel circuits to
produce higher voltages, currents and power levels. When similar cells are connected
in series, it will increase the output voltage while maintaining the output current, as
shown in figure below (refer Figure 1). Whereas, when connected in parallel; it will

increase the output current and maintaining the output voltage, as shown in figure

below (refer Figure 2).
{ + V= Vl + V;I— - %
I=1L+1;
»
I
> Vv
Vl, V2 Vl + V2
Figure 1 : Characteristics of two similar cells connected in series
I &
+ —
_l_ o I,
V=Vi=V;
O I=L+1; O >
A\

Figure 2 : Characteristics of two similar cells connected in parallel




Photovoliaic modules consist of PV cell circuits sealed in an environmentally
protective laminate, and are the fundamental building blocks of PV systems.
Photovoltaic panels include one or more PV modules assembled as a pre-wired, field-
installable unit. A photovoltaic array is the complete power-generating unit,

consisting of any number of PV modules and panels.

2.2 Photovoltaic System Components

Solar cells or solar panels are not the only components of a photovoltaic system. The
photovoltaic system consists of a number of other parts to form a complete system.
Other than solar panels as the main component, solar power system includes energy
storage, power conditioning and maybe a supplementary or back-up generator to form

a hybrid system.

2.2.1 Solar Panel

Solar panel converts the photoelectric effect to electricity and comes in different types
and ratings. There are two main factors that determine any solar electric panel's
output which are the solar irradiance, and operating temperature. For a given solar
cell area, the current generated is directly proportional to solar irradiance (S). Thus, as
the sun's brightness increases the output voltage and power decreases as temperature
increases. The voltage of crystalline cells decreases about 0.5 percent per degree
centigrade temperature increase. Therefore, arrays should be mounted in the sunniest
place (no shading) and kept as cool as possible by ensuring air can move over and
behind the array.

The photovoltaic cell is directly proportional to the solar intensity, and the I-V curves
at different intensities are given in figure below (refer Figure 3) [10].
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Figure 3 :1-V Characteristics of a solar cell at varied solar intensities

As temperature increases, the band gap of the intrinsic semiconductor shrinks, and
the open circuit voltage (Voc) decreases following the p-n junction voltage
temperature dependency. This can be seen from the curves below (refer Figure 4)
[10].

Figure4 : Typical P-V Characteristics of a solar celi at different
temperatures

The typical P-V plots at two different temperatures are shown in figure below (refer
Figure 5) to illustrate the change in output power verses voltage due to a small rise in

temperature {10].
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Figure 5 : Typical P-V characteristics of a PV cell at different temperatures

2.2.2 Battery System

To store electricity from solar panels, battery storage system will be needed. Solar
panels charge the batteries during daylight hours and the batteries supply the power
when it is needed, often at night and during cloudy weather. The battery for solar
power system usually is from deep cycle battery. This type of battery is different from
a conventional battery, as it is designed to be more tolerant of the kind of ongoing
charging and discharging. The béttely for solar power system usually has features
such as high charging efficiency, good cycle life even for deep discharge, extended
life expectancy, and maybe maintenance free. All of the features are important to

ensure the battery can supply the power needed in case of cloudy days or during

night.

The two most common types of rechargeable batteries in use are lead-acid and
alkaline such as nickel cadmium. Lead acid batteries have plates made of lead, mixed
with other materials, submerged in a sulphuric acid solution while nickel cadmium
batteries have plates made of nickel submerged in a solution of potassium hydroxide
[9]. A nickel-cadmium battery has a greater recharge cycle life than a lead-acid
battery (refer Figures 6 and 7). Nickel-cadmium batteries can be discharged and



recharged more times than lead-acid batteries before battery cell failure occurs.
Recharge cycle life for a lead-acid battery is primarily a function of how deeply it is
discharged and how long it is left in that state before recharging. Typically, and
depending on other conditions of use, a nickel-cadmium battery can be charged and
discharged over twice as many times as a lead-acid battery. In addition, if a lead-acid
battery is left for several days with a discharge of 80% or more, it may be
permanently damaged and unsuitable for further use. A nickel-cadmium baitery can
be stored in a fully discharged condition without any detrimental effects.
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Figure 6 :Nickel Cadmium battery Cycle Life versus Depth of Discharge
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Figure 7 : Lead Acid battery Cycle Life versus Depth of Discharge
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2.2.3 Charge Controller

Charge controller main function is to fully charge a battery without permitting
overcharge or reverse current flow at night or during cloudy days. Charge controllers
block reverse current and prevent battery overcharge. Some controllers also prevent
battery over discharge and protect from electrical overload. The charge controller is
placed between the solar module and the battery. When the battery has received
enough charge, the charge controller will withhold further charging. If a solar array is
connected to batteries with no overcharge protection, the battery lifetime will be
shortened and load availability will be decreased. There are four basic charge

controller set points [11]:

e Voltage regulation set point: The maximum voltage that a controller
allows the battery to reach. At this point a controller will either
discontinue battery charging or begin to regulate the amount of current
delivered to the battery.

o Voltage regulation hysteresis: The voltage span or difference between
the VR set point and the voltage at which the full current is reapplied.
The greater this voltage span, the longer the array current is interrupted
from charging the battery. If the VRH is too small, then the control
element will oscillate, including noise and possibly harming the
switching element or any loads attached to the system.

» Low voltage disconnect: The voltage at which the load is disconnect
from the battery to prevent over discharge. The LVD defines the actual
allowable maximum depth of discharge and available capacity of the
battery.

e Low voltage disconnects hysteresis: The voltage span or difference
between the LVD set point and the voltage at which the load is
reconnected to the battery. The proper LVDH selection for a given
system will depend on the battery chemistry and size, and PV and load

CUITCIHS.
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2.3 Advantages of photovoltaic system

Photovoltaic systems have several advantages over conventional power-generating
technologies. Photovoltaic systems can be designed for a variety of applications and
operational requirements, and can be used for either centralized or distributed power
generation. Solar energy from sun can delivers free energy, and has virtually no
environmental impact such as no noise emission and no pollution is created from
operating Photovoltaic systems. It is modular and thus flexible in terms of size and
applications. In general, PV systems that are well designed and properly instalied

require minimal maintenance and have long service lifetimes.

12



CHAPTER 3
METHODOLOGY/PROJECT WORK

The structure/procedure for the whole project is as follows:

" Rescarch snd Literaturo Review

]

Figure 8 : Project Flowchart

In completing the project, the above flow chart was followed to ensure the
smoothness of the project. First, the literature review and research on solar power
system was done based on books, journal and other references to obtain a better
understanding of the selected area. The research is focused on the solar panels,
battery storage system, and power conditioning as the main components in solar
power system. Based on the research done, the designing stage was done comprising

the size and type of solar panel, and battery storage system.

13



3.1 Design and Sizing of Solar Power System

In designing and sizing solar power system, steps involved consists of load
estimation, battery sizing, solar energy requirement, and number and size of solar

panels.

3.1.1 Load Estimation

The estimation of loads and load profile are important in designing solar power
system since the system will be sized to satisfy the demand of the loads. For this
project, the loads use can be obtained from single line diagram (refer appendix A).
The loads identified for MTA Platform are:

i.  Emergency Lighting

In the event of an emergency situation requiring building evacuation, emergency
lighting guide occupants to the nearest path of way out, helps prevent injury and plays

a key role in the smooth, quick, successful passage of occupants to safety.

ii. VHF Radio

The VHF radio used to communicate between the offshore personnel and the onshore
personnel or with others. The VHF radio is used when there is personnel at the
platform and if some information or data need to be transmitted to the other

personnel.

ili. Remote Terminal Unit

Remote terminal units (RTU) collect data automatically and connect directly to
sensors, meters, loggers or process equipment. They serve as slave units to
supervisory controllers or supervisory control and data acquisition (SCADA) masters.
Remote terminal units are located near the monitored process and transfer data to the

controller unit on command. Intrinsically safe remote terminal units are designed to

14



operate safely in hazardous environments. Devices with weather tight enclosures are
designed to prevent the ingress of moisture, dust or other environmental
contaminants. If needed, redundant RTU will be used. Redundant RTUs are complete
remote terminal units that contain all of the transceivers, encoders, and processors
needed for proper functioning in the event that a primary RTU stops working. The

RTUs are designed for process monitoring

iv.  Welthead Control Panel

Wellhead control is a convenient lever-operated accessory incorporating a 4-way
valve and catcher device. Mounted on the wellhead, the control valve permits easy
pump in, pump out and retrieval operations where hydraulic type pumps are installed
down hole. A wellhead control is used to control the pressure within the welihead. A
welthead is part of an oil well which terminates at the surface where petroleum or gas
hydrocarbons can be withdrawn.

v.  Multiphase Flow Meter

The multiphase flow meter used to measure oil, gas and water flow rates to increase
flexibility in well completion option. Use of a multiphase flow meter is used to help
o maximize oil output and improve reservoir management. It has also served as a
check on production testing and allocation. By using a multiphase flow meter,
accurate real time data of well production can be obtain and the effects of changing
the operating parameters of an individual well can be reviewed. By using the data
acquired, the changes in the flow of the oil, gas and water can be monitored and if

anything happens, the specific solution can be used immediately.

vi. Fire and Gas Panel

A Fire and Gas System is mainly concerned with detection, annunciation and
mitigation of fire and/or gas hazards. It must perform this function without itself
creating further hazards. Fire and Gas Systems typically have the following basic

components and sub-systems; detectors, barriers, input units, logic/control system,

15



annunciation/displays, audible alarms, manual controls, interface to other safety
systems, output units, and actuators

The total power requirements then can be obtained from the loads listed. The load
usage profile can be determined by knowing the power of each loads and the duty
cycle used per day. The basic equations used in estimating loads:

Power of No of Efficiency _ Total power
Appliance X Units X 100 B (watt)
Total power Daily Duty B Total Power

(watt) X Cycle (hours) B (watt-hour)
Total Power N Supply ., Total Power
(watt-hour) j Voltage (V) ~ | (Ampere-hour)

3.1.2 Battery Sizing

The battery will be charged from the surplus power available from the solar panel
array when the sunlight is available and provide electricity during the nights or for
periods with low or no insolation such as cloudy days. In sizing the batteries, the
autonomy times which is the number of full days that a fully charged battery can
supply power to the specified load, without any charging by solar modules [2], had to

be determined.

The design criteria for the designing the batteries are as follows:

o Battery configuration per system - 1 x 100%
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¢ Nominal voltage - 24V DC
s Ageing degradation - 10%

There are a design allowances that has to be followed during the battery sizing and in
order to choose the best battery that suits the requirements. The design allowances for

battery sizing are as follows:

e 10% allowance for battery ageing effects

e 20% maximum depth of discharge for daily load cycle

e 80% maximum depth of discharge during autonomy period

e 7% loss allowances for battery recharge, inefficiency and float charge

o 0.1% loss allowances for battery self-discharge

The required minimum battery capacity per battery system can be calculated from:

Daily Power Max Temperature Reguired
Consjlrlmption = pe.rcentage = Ageing <! Correction = Minimum
(Ab) =1 discharge Factor Factor Battel:y
allowed Capacity
(max (Ah)

DOD)

3.1.3 Solar Panel Sizing

The solar panel array is designed based on insolation data at specific location. The
insolation data at Mumbai High, coordinates 19° 07°N, 72° 51’E is attached in
appendix section (refer Appendix B). The sizing of solar panel is based on the worth
insolation data which occur on August with 3.86 kWh/m?*day.

In the calculations of the solar array, the following design criteria will be applied:
e Solar array per system - 1 x 100%

e Nominal voltage - 12V
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o Worst case insolation. -

3.86 kWh/m?/day

The following design allowances will be applied in sizing the solar panel:

e Degradation over life span - 15%
e Alignment/Tilt errors - 2%
e Fouling - 1%
e Cell mismatch - 2%
» Losses (solar controlier/cables) - 3%

The total design allowances that will be applied are 23%. This design allowance will

be used in calculating the size of array.

The calculations involved are:
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CHAPTER 4
RESULTS AND DISCUSSION

4.1 Study of Power Supply Choices

The study had been done to compare the power choices at MTA platform. There were
three options that has been considered which are:

e Option 1: Solar Power as primary source and back up Diesel Engine
Generator |

e Option 2: Micro turbine Generator as primary source and back up Diesel
Engine Generator

. Opﬁdn 3: Gas Engine Generator as primary source and back up Diesel Engine

Generator

In option 1, the solar power will be the permanent power during unmanned operation
and diesel engine generator will supply power to AC loads during manned operation.
During unmanned operation, only the DC loads wiil be operating, hence the solar

power will supply power to the DC loads.

In option 2, the micro turbine generator will provide permanent source of power to
the loads while diesel engine generator will be a standby source. The micro turbine
generator will operate as 1x100% scheme and the diesel engine generator also will

operate as 1x100% scheme.

In option 3, gas engine generator will provide primary power source (o the loads and
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diesel engine generator will act as standby power source. The gas engine generator

will operate as 1x100% scheme and the back up diesel engine generator -also will

operate as 1x100% scheme.

All three options were analyzed in terms of costs, reliability, availability,

environmental impact, safety, operability, maintainability, and noise emission. The

comparisons of three options were summarized in a table below (refer Table 1).

Table 1 : Comparisons of Three options of Power Choice
No. | Criteria Option 1: Option 2: Option 3: Gas | Remarks
Solar Power, | Micro Engine Gen.,
back up Diesel | turbine, back | back up
Generator up Diesel Diesel Engine
. Engine Gen. | Gen.
i Reliability Solar power Quite reliable, | Very reliabie
supply is but not much | since the gas
considered a information is | engine unit is
very reliable available since | provena
source it is quite new | reliable
in market machine
2 Availability High High High Option. 1
availability as | availability. availability. &2
the sun is Fuel gas is Fuel gas is require
always always always fuel gas
available available available treatment
3 Minimum Zero emission | Low NOx Low emission
Environmental emissions engine type
Impact can be
specified
4 Safety Low personnel | Medium High personnel
risk. Very safe | personnel risk | risk due to
due to less frequent visit
frequent visit
5 Operability Very easy to Easy to operate | Easy to operate
operate
6 | Maintainability | Very low Low High
maintenance. maintenance. maintenance.
Battery - 7500 hours - 100-500
replacement between hours for
every 20 years | service interval | service interval
- 40000 hours | - 4000 hours
between for overhaut
overhaul interval
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The micro | Requires motor
turbine is air- | oil for
cooled, air- tubricant and
lubricated and | glycol/water
has only one for coolant
moving part.
There are no
fluids (no oil,
no coolant) to
change
7 | Noise Zero noise 70dBa at 10m | Noisy
emission
8 Total Cost Medium cost High cost Low cost
~USD753.02k | ~USD818.6k | ~USD717k

Table 1 shows that in terms of cost, Option 3 has the higher cost and may not be
considered as a power choice at MTA Platform. For overall criteria, Option 1 which
is solar power with diesel engine generator as back up power source has more
advantages especially in terms of maintainability, operability, safety, minimum
environmental impact, and noise emission. Therefore, Option 1 is being chosen as the

power supply at minimum facilities piatform, MTA Platform.

4.2 Solar Power System

The continuous DC power at the platform will be supplied by solar power obtained
from solar panels. Due to huge size of the loads, there were -4 separate systems

namely:

» System I : Electrical Emergency Lighting system
e System IIA : Instrumentation and Telecommunication Power system
o System IIB : Instrumentation and Telecommunication Power system

e System III : Marine Navaids system

Each system has their own loads and will use separate solar panels to power them.

The loads for solar power system for four systems consists of emergency lighting,
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VHF radio, remote terminal unit and microwave radio, wellhead control panel,
multiphase flow meters, fire and gas panel, navaids lanterns, foghorn and fog
detector. The single line diagram shows all the loads connected to the solar panels
(refer Appendix A). The load listed in the single line diagram then being analyzed and
total up to obtained the total load requirement for the solar power system.

4.3 Solar Panel

The main component of solar power sysiem is of course the solar panel itself. There
were different types of solar panels with each of them has different technologies.
Basic'ally, the solar electric panels are made from silicon and were divided into three
main category based on how they are manufactured. The technologies used to
manufacture mono-crystalline, poly-crystalline and amorphous silicon is differs from

each other.

Mono-crystalline or (single crystal) technology are cut from a crystal that has grown
in only one plane or (one direction). Single crystalline are more expensive to
manufacture and typically have a slightly higher efficiency than poly-crystalline cells
which results in smaller individual cells and a slightly smaller module.

On the other hands, poly-crystalline or (multi-crystalline) technology is cut from a
crystal that grows in multiple directions. Poly-crystailine solar cells typically have a
slightly lower efficiency resulting in larger individual cells and a slightly larger
module.

There is a new technology in the solar cell technologies which is Amorphous or thin
film technology that would offer a reduction in the cost of manufacturing solar
modules. Thin film or amorphous technology has a lower efficiency rating so thus
panels that are manufactured from this process tend to be substantially larger in size
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requiring a greater roof area for a typical installation. But it is a new technology that
is not really established yet. The comparison of these three types of solar panels is

being summarized in the table 2 below (refer Table 2).

Table 2 : Comparison of three types of solar panels

Type Meno-crystalline | Poly-crystalline | Amorphous
Silicon Silicon Silicon

Efficiency 15-18% 13-15% 5-8%

Performance | Remains fairly Remains fairly Lose about 25%

constant during the | constant during the| of their output
first few months first few months | during the first
few months of use

Prices Higher Higher Lower

Based on comparisons of three types of solar panels, it is clear that mono-crystalline
silicon is the best choice in designing solar power system that will last for 20 years.
Even though the price is higher compared to others, it will give better performance as
it has the highest efficiency among others.

4.4 Battery

The other main component of the solar power system besides solar panels is the
baiteries. There were several types of batteries in the market that can be used in the
industry. The major types of batteries available in the market nowadays are
vented/flooded Lead Acid, Valve Regulated Lead Acid (VRLA), Vented/Flooded
Nickel Cadmium and Semi-Sealed/Low-Maintenance Nickel Cadmium. Each of these
types has it own unique advantages and disadvantages when being considered for a
particular application. The comparison of these types is presented in the Table 3
below (refer Table 3).
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Table 3

: Comparison of different battery types

Battery type Advantages Disadvantages
Vented/Flooded Low initial purchase cost | « Require regular
Lead Acid 10-20 year design life maintenance to replace
options is available water losses during
Less sensitive to normal operation
temperature, compared to | «  Special handling
VRLA requirements required for
hazardous liquid’s
e Damaged if discharged to
zero volts |
Valve Regulated Low initial purchase cost | « Recommended operation
Lead Acid Minimal maintenance temperature 20-25°C —
(VRLA) required battery life halved for
5,10 & 15 year design life every 10°C above 25°C
options available « DBattery state if charge can
only be determined by |
external monitoring circuit
Vented/Flooded 20 years design life s High initial purchase cost
Nickel Cadmium Suitable for extreme e Require regular
temperatures maintenance to replace
Mechanically and electrolyte losses during
electrically very robust normal operation

Can be restored to near

Special ventilation

full capacity after being requirements required to
discharged to zero volts disperse gases produced
during normal operation

Semi-sealed/Low- 20 years design life » High initial purchase cost
maintenance Minimal maintenance e Special shipping/handling
Nickel Cadmium required requirements due to

Suitable for extreme hazardous nature of

temperatures materials used

Can be restored to near « High disposal cost at end
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full capacity after being of life
discharged to zero volts

For this project, the battery type chosen was the low-maintenance nickel cadmium
battery. It is due to low maintenance cost and it is suitable for extreme temperatures

which happen at offshore platform.

4.5 Electrical Load List

In sizing the solar array, the first thing is to determine the power consumption
demand. A list of equipments and the power wattage of the equipments is determined.
All the data for the equipments used is summarized in the load list (refer Table 4).

Table 4 : Electrical Load List for each sysiem

Electrical Emergency Lighting (System I)

Voltage Op. Averaged
Power Loads
vV DC W Hrs/day Wh/day | Ab/day
Emergency Lighting 24 220 14 3080 128.3
Total Load per 24hr cycle 220 3080 128.3
Design Margin at 0% 0 0
Design load per 24hr cycle 220 3080 128.3

Instrumentation and Telecommunications Power (System I1A)

Voltage Op. Averaged
Power Loads
VvV DC W Hrs/day Wh/day | Ab/day
RTU & microwave radio 24 316 24 7584 316
Wellhead control panel 24 8 24 192 8
VHEF radio 24 140 0.857 120 5
Total Load per 24hr cycle 464 7896 329
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Design margin At (% 0 b
Design load per 24hr cycle 464 7896 329
Instrumentation and Telecommunications Power (System IIB)

Voltage Op. Averaged

Power Loads
VDC W Hrs/day Wh/day | Ah/day

Multiphase Flow Meters 24 180 24 4320 180
Fire and Gas Panel 24 175 24 4200 175
Total Load per 24hr cycle 355 8520 355
Design margin At 10% 852 35.5
Design load per 24hr cycle 390.5 9372 390.5
Marine Navaids (System III)

Voltage Op. Averaged

Power Loads
VvV DC W Hrs/day Wh/day | Ah/day

Navaids Lantern 24 10.6 16 169.6 7.067
Fog Horn 24 37.06 24 889.4 37.06
Fog Detector 24 5.56 24 1334 5.56
Total Load per 24hr cycle 1192 49.69
Design margin At 0% 0 0
Design load per 24hr cycle 1192 46.69

The data for the load list above is obtained from the single line diagram and from

calculation. Afier the load list is obtained, the next step is to size battery for each

system according to the chosen battery type which is nickel-cadmium battery.

4.6 Battery Sizing

The battery sizing was done based on Sunica.plus nickel-cadmium battery. The nickel

cadmium battery was chosen based on performance over lead acid battery. It has
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resistant to over and under charging and complete discharge and it also can achieve
up to 8000 cycles at 15% depth of discharge during its 20 years life. The catalogue
for the chosen battery type is being attached in appendix section (refer Appendix C).
The details calculation for each system is being attached in appendix section (refer
Appendix E)

4.6.1 Electrical System (System I)

For Electrical System (System ), the calculation is done based on 14 hours autonomy
period. The summary of battery sizing for System 1 is as follows:

Average daily load = 128.3 Ah (from load list)
Required minimum battery capacity per battery system = 191.6 Ah
Actual selected battery capacity =213 Ah Cs (based on battery catalogue)

Solar energy requirements = 21.3 Ah/day

4.6.2 Instrumentation and Telecommunication System (System IIA)

For System IIA, the calculation is done based on 7 days automomy period. The
summary of battery sizing for System IIA is as follows:

Average daily load = 329 Ah (from load list)

Required minimum battery capacity per battery system = 3442 Ah
Actual selected battery capacity = 4400 Ah Cy3o (based on catalogue)
Solar energy requirements = 474.4 Ah/day

4.6.3 Instrumentation and Telecommunication System (System IIB)

For System IIB, the calculation is done based on 7 days autonomy period. The
summary of battery sizing for System IIB is as follows:
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Average daily load = 390.5 Ah (from load list)

Required minimum battery capacity per battery system = 4085.4 Ah
Actual selected battery capacity = 4400 Ah C,3 (based on catalogue)
Solar energy requirements = 562.2 Ah/day

4.6.4 Navaids System (System III)

For Navaids System (System TiI), the calculation is based on 7 days autonomy period.
The summary of battery sizing for System III is as follows:

Average daily load = 49.7 Ah (from load list)

Required minimum battery capacity per battery system =5 19.8 Ah
Actual selected battery capacity = 645 Ah Ciap (based on catalogue)
Solar energy requirements = 86.2 Ah/day

4.7 Solar Array Sizing |

The solar array sizing was done based on Shell Powermax™™ Ultra SQ85-P solar
modules. All of the calculations for solar array are based on the insolation data for
Mumbai High for worst month (August). Below is the world insolation map used in
sizing the solar atray (refer Figure 9).
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Figure 9 : World Solar Insolation Map

The Insolation data for Mumbai High is being attached in appendix section (refer
Appendix B). The catalogue for chosen solar modules is being attached in appendix
section (refer Appendix D). The details calculation of solar array sizing is being
attached in appendix section (refer Appendix E).

4.7.1 Electrical System (System I)

The summary of solar array sizing for System I is as follows:

Daily load energy = 21.34 Ah

No of series module connections per array = 2
Minimum no of modules per array = 2.79 modules
Selected no of modules per array = 4

Capability of array = 30.59 Ah/day

4.7.2 Instrumentation and Telecommunication System (System 114)

The summary of solar array sizing for System IIA is as follows:
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Daily load energy = 474.36 Ah

No of series module connections per array = 2
Minimum no of modules per array = 62.03 modules
Selected no of modules per array = 62

Capability of array = 474.09 Ah/day

4.7.3 Instrumentation and Telecommunication System (System IIB})

The summary of solar array sizing for System IIB is as follows:

Daily load energy = 562.21 Ah

No of series module connections per array = 2
Minimum no of modules per array = 73.52 modules
Selected no of modules per array = 74

Capability of array = 565.85 Ah/day

4.7.4 Navaids System (System 1II)

The summary of solar array sizing for System III is as follows:

Daily load energy = 86.25 Ah

No of series module connections per array = 2
Minimum no of modules per array = 11.28 modules
Selected no of modules per array = 12

Capability of array = 91.76 Ah/day

4.8 System Block Diagram

System block diagram shows the interconnection of components in solar power

system. For each four systems, namely Electrical System (System 1), Instrumentation

and Telecommunication System (System [IA), Instrumentation

Telecommunication System (System IIB) and Navaids System (System II), the

30



interconnection is the same but the number of solar panels and battery capacity is

differs. The number of solar panels and battery capacity for each system is obtained

from calculation earlier.

4.8.1 Electrical System (System I)

PORTABLE DIESEL
ENGINE GENERATOR

a—

BATTERY
CHARGER

Figure 10

2in seras, 2 in paraliel

T T

SOLAR PV Modules SQa5P, 4 Naos.

CHARGE CONTROLLER |

———>> LOAD

- BATTERY. BANK

: {NI-CD) 24V, 230Ah @ c120

: Block Diagram for Electrical System (System I)
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SOLAR PV Modulas SQ85P. 62 Nos.
2 in satias, 31 in paralial

4.8.2 Instrumentation and Telecommunication System (System I1A)
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Figure 11 : Block Diagram for Instrumentation and Telecommunication
System (System IIA)
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4.8.3 Instrumentation and Telecommunication System (System IIB)

SOLAR PV Modules SCIB5P, 74 Nos.
2 in series, 37 in parallel
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Figure 12 : Block Diagram for Instrumentation and Telecommunication
System (System IIB)

4.8.4 Navaids System (System III)
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Figure 13 : Block Diagram for Navaids System (System III)
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CHAPTER 5
CONCLUSION AND RECOMMENDATION

5.1 Conclusion

The solar power system designed is reliable and practical as it is designed with real
loads used in offshore platform. The hybrid solar power system is identified to be the
most suitable type of solar power system to be instalied at offshore platform,
specifically MTA Platform. The hybrid solar power system consists of solar panel as
a photovoltaic generator, baitery as storage system, charge regulator as power
conditioning unit and portable diesel generator as back-up power supply. The
permanent power during normal opei:atiéns will be solar panels to supply power to
DC loads while during manned operation portable diesel generator will supply power
to the AC loads.

The solar power system designed meets the DC load requirements at the MTA
Platform as the design is based on the real situation of the platform using the real
data. The total DC load required at the MTA Platform is 21540 watt-hour per day or
897.49 Ampere-hour per day for all four systems. The designed solar power system
was sized based on the loads required. The design is reliable as it is designed to be
able to supply the loads with solar energy which is abundant in supply and does not
require much maintenance and can supply energy for up to 14 hours for System I and

7 days for System I1A, System IIB and System Il during low insolation.

The solar panel used in this solar power system is from mono-crystalline type which
is higher in efficiency compared to other types of solar panels such as poly-crystalline

or amorphous thin film. The solar panels were sized based on Shell
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PowerMax ™Ultra 85-P solar modules. Shell PowerMax ™Ultra 85-P solar module
contains 36 series connected 125mm x 125mm mono-crystalline solar ceils which can
generate a peak power of 85 watis at 17.2 volts. The number of solar panels
calculated for each system are; System I — 4, System HA — 62, System IIB — 74,
System III — 12, which total up to 152 number of solar panels. Array capability for
each system is capable of supplying the loads needed.

The storage system for this solar power system use battery from nickel cadmium type.
The correct choice of battery energy storage is crucial in order to ensure the
efficiency of the solar power system. This solar power system needs battery storage
system that withstand absdiuté feﬁﬁabﬂity With minimal maintenance, operations with
erratic charging conditions, good cycling ability that can have 20 years design life.
The battery was sized based on Sunica.plus nickel cadmium battery. From the
calculation, the battery capacity obtained for each system are; System [ — 213 A,
System IIA — 4400 Ah, System IIB — 440_0 Ah, System III — 645 Ah. From
calculations and based on Sunica.plils battery catalogue, System 1 uses cell type of
S[fﬁ¥230, System IJA and SystemIIB use SUN+1110 cell type and System III uses
SUN+645. All selected battery capacity is able to provide power to the loads during

low insolation for the specified autonomy period.

5.2 Recommendation

Based on works performed, there are some recommendations for future studies and
further improvement of the system. A user friendly design tool program can be done
in order to ease the calculation instead of Microsoft Excel. The program can be used
as a gaide in designing solar power system for offshore platform. The new user can
just simply use the program to have an overview and size of solar panel and battery
required for specified requirement. The user can just simply insert the loads required
and choose the type of solar panel or battery required and no need to worry about the
calculation as the program will do it for the user. In this case, it will be much simpler

and easy for user instead of using the Microsoft Excel Spreadsheet.
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The AC system can also be included in the system as an addition to DC loads. If AC
loads is to be added to the system, a separate inverter must be included in order to

convert the DC power produced by solar panel to AC power needed by the loads.
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3801 T = 50W FLOQDLIGHT
ig - 1 s [] PEDESTAL CRANE (MA&N DECK)
= SkW POWER SUPPLY
2| 5300 :
glf, 5 s 324, 415V RECEPTACLE
-] 55 3 e (CELLAR DECK)
=+ bt 32A, 415V RECEPTACLE
§ e s @ . (MAIN DECK)
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RC_.
24DVAC/24VBC RECT!FIER/CHARGER

RC-1218-4

240VAC/24VDC RECTIFIER/CHARGER

RC—1218-3

' 240VAC/24VDC RECTIFIER/CHARGER

RC—121B-2
240VAC/24VDC REC"HHER/ CHARGER

RC-121 B-1
240VAC/24VDC R_ECTIFTER/CHARGER

RC—-12

24-0VAC/ 24VDC RECTIFIER/CHARGER

‘RC-12

24GVAC/ 24\:’DC R‘ECT!FIER/ CHARGER
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- FD-01
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NAVAID LANTERN
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NAVAID LANTERN
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NAVAID LANTERN
NAV—04 _
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APPENDIX B

INSOLATION DATA
MONTH INSOLATION (10° SOUTH FACING)
(KWH/M’/DAY)
JANUARY 5.64
FEBRUARY 6.13
MARCH 6.64
APRIL 6.90
MAY 6.78
JUNE 4.88
JULY 4.09
AUGUST 3.86
SEPTEMBER 4.55
OCTOBER 5.58
NOVEMBER 5.98
DECEMBER 5.49

40
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i, R, aﬂd-}k"h 70F, TR SO

%’iﬁ A% L5

red in the mast punishing enviranments, phatcuvaltaic
:ai’.inné experience conditicns for energy storage that only

sughest hattery can survive.

- the partituiar needs
photovoltaic applications...

= cycling at variable state af
" charge [SOC) and-depth of
.discharge ($OD]

,..the sgeciaias&d solution 1S
'Sumca pius Ms-i:d bamermﬁm

Saft nickel- cadrmurn batteries are provan in the field of phomvoitazcs and
ara specified for theu" very broad capabilisy and total r‘ehablllty in uncertain

candn;.onn

# corrosion-free steel internal - 2 low life cycle cost
constructan, unaifected by # 99.9% of meatals used are
;]kalme electralyte L " recycied, safeguarding the

% glectrochemically stable during ~. 0 BnvIronment

-

charge and discharge {no piate
dagradaticn] :

for g’_rfgrmaﬁge beyond tha

) operates at tempersturas
lower than -20°C [«<4°F) with
ne risk of freezing electrolyte

state of charge



1.plus gener'ally dp ]
=11 LeMmperaiures of
to +50°C [(4°F o +1227%
h toierate exirernas of
to +70°C [-58°F to +158°F).
gration in temperatures
20°C -4°F], a special

slyee wikh higher density is

-cadmium active materials

7 stable when cycling during
tates of charge and do not
active mass during deep

. Sunica.plus operates with -

Discharge morves at " sm Grao & 70
accurding G rperEing. 5 Ty chart

isk of sudden death

late degradation or sulphation
o than BO% of capacity for a
;al 120 hour discharge ab
C40F - y '
_20% decrease in life at +30°C
“Fl, vs. 5056 reduction for

uw'"

g
NI

Cell voltaga  [V/cal)

R

=

L L z L L 1 1 L

1.0 L s : :
O 10 20 50 40 53 60 ¥O' BQ 8O 100 110 120

%, of disgharged capacity Gs

of charge...

table alkaling glectrolyte in Sunica.plus doas not change during charge
ischargs. I conriuas to operats irraspectve of the charge leval and is.
:cted by accidental overcharge, deep discharges or inversion. During
itical winter months the charge efficiensy is dlose to 100%.

achieves BG?QS cycles at
i% depth of discharge

)0°C [+B8°F), Sunica.plus nickel-cadrnium batteries can achieve —

Lo 8000 cycles at 15% ' # good bycliﬁg ahilisy in unstable
ith of discharge during its 20 . . phatovoltaié conditions, even at
rs life = S partial state of charge

AT
ks

s



a hsr ge of laong Iife,
Jle, low m_éintenance
ow life cycle cost
iocns, Baft Sunica.plus
innovation n bat_:téry'

aology for photovoltaics.

a.plus features Saft's hlghly
it internal gas recombination
st plate technology - mests

2259 - and glectrode design, . & robust construction withstands
isad for photovaltaic - heavy wreatment _
sations. These features, plus. - » unaffected by fiuctuating climatic
ently safe NiCd. pr‘ovsde the canditions _
naintenance service v in . e .

it 5 & vicat # registant to electrical abuses

;ed lccations.
lnl:egr’atad I‘|andlcs frean easy

re than 4 years mainténance- handi ing
= intervals without topping-u '
sending upan a iacacfopn T = aasy to iistall, simple blG
g up PR ) const;‘uctlon
juirements

npatible with all current
stoveltaic charge regulators

roved c:yc.li_ng ability ' A Typical vﬁ’ater raplenishment (years) +2617
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Terminal covers
- , T
-~ to prevent external short-circuiss

Flame arresting vent plug

_~"with transport, seal protection
e

¢ concept

10 cells

zantainer :
+ of tough polypropyiene

3ien oui e JEP S Vg
friap o TE perony 1

BhRE

autamated integeal water filling
T is available as an optian for

The main benefits of the system ara:
» centrally monitors levals

a.plus cell yypes 185 Ab to 1110 Ah. tops up accurately and efficiently

when necessary
» enables gases generated to be
evacuated outside the battery rocm

years jow life cycle cost preduct

nbination of factors add up to give a predictably low life cycle cost.

mainkenance # gasy to install

safe technology s 12 months storage filled and
' charged, ready far immediate

} life time e TR
Cammissioning

20 years operation, typically cycling at an averaga 15% DOD, Saft
1.plus will rapidly repay initial battery investment end overall photovolaic
n costs through autanomaous operation and tetal reliability.
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:a.plus complies with-1EC 62253 standard. .

ating facter according to temperaturs and end woltage

ypical solar appiication with

ys or more backup time g A L - ' .
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performance
ly charged cells aftar a constant currant charge according to IEC 2259 standard.

ind the optimum battary soiution. by calculating —
I l(_Jad
1 /temperaturé{der‘ating fackor
1/ charge de}r{'ating factar™
requastad d}ésign margin
rant vahie to select ;1 the performance table

pical valuz is 9089 when using tha recommended charge voltage
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allation and cperating instructions

tant recomiman
rajlow an exposed flame or
& near the battaries

cularly while charging.

i smake while pérﬁ:r‘ming any '

atioh an the hattery. .

sratection, wear rubber glaves,
sieeves, and apprapriate

sh goggles or face shield.
electrolyte is harmful ta skin:
eyes. In the event of contact
skin or syes, wash immediatsly
plenty of water. If eyes are
sted, flush with water, and

in immediate medical attention.

ove all r‘in'gs, watches and

r iterns witit metal parts before . '

¢ingg on the battery.
insulated toals.

d static electricity and take
suras for protection against’
tric shacks. .

harge. any passiiﬁle static
tricity fram elothing

sar tnals. by touching an
H-connected part "ground”
e working on the battery.

;ceiving the shiﬁment

sk the battery immediately upon
|” Do not overturn the package.
. the packages and calts for
yort damage.

attery is shipped filad and

ed. and is ready for immediats

port seals are looatad under the
gach vent,. thay must be remaved
t0 Mmounting.

dttery must never be charged

e plastic transport, seals in ’

as this is dangerous and can

: permaneant damage.

torage

! the ha\:tery indoors in a dry,

, caol location (O°0 o +30°C /
F to +B6°F] and well ventilated
= on ppen shelves.

@a of g filled battery at

gratures above +30°C (+86°F)
‘asult inloss of capacity. This can
3 much as 5% per 10°C (18°F]

2 +30°C [+B6°F) per year

ot store in direct sunlight ar

se tn excessive heat,

Surica.plus batteries are suppliad fitked
with efectralyiz and chargad, they can
be stored in this condition for
maximum 12 munths

MNever drain the electralyte fram the cel|s.
‘= \When deliveries arg made in '

cardboard hoxes, store. without
opening the boxes.

‘s When deliveries are made in

plywood boxes, open the boxes -
‘before the storage. The fid and the
packing materiai on top of the cells
must be remaved.

3. Installation

3.1. Location

Insta# e battary in a dry and clean
~oom. Avoid direct sunfight and heat.
Tha Battery will give the best -
nerformance and maxmura service
lifa when the ambient tarmperaturs

s between +10°C to +30°G e +SO"

o +B6°F

3.2. Ventilatien

During the last part of chargmm the
battery is emitting gases (oxygan and
hydrogen mixeurae]. At normal fost
charge, the gas evaludon is very smail
but sorme ventilation I8 necassary:
Mate that special regulations for
ventilation may be valid in your area
depending on the application.

3.3. Mounting

Varify that cebs are correctly
intarconnacted with the appropriate
polarity. The battery connection to-load
should be with nicke! plated cable lugs.

‘Recommendad torgues for terminal

halts are:

+MB =17 = 1.1 Nm

M8 =20 xz2 Nm

«M10 = 30.% 3 N.m

The connectors and tesrminals should
be corrasion-grotected by coating with
a thin layer of anti-corrosion ofi. )
Remove the transpart seals and close
‘the vent caps. :

[ a central water. fitling syetem fe used
as an option, refer to the
corresponding installation and
gperating instructidns sheet.

I+

3.4. Electroiyte

Whan checking the alectrolyte levels, a

fiuctuation. in level between ceils is nok
Abnormat and is due to the different
amounts of gas held in the separators
of each cell, The level should be at

least 45 mm above the minimum lgvel
_mark and there is nur‘maﬂy'no nesd to
adjust i . '
Do not tmp—up pr‘lor to initial charge

Commzssmnmg
A good cmmrrlssmnmg c:nar‘ge is &
mnpor-tant; Charge at constant current
is prefarable.

4.1. Cells stored up to & manths:

A cormmissioning charge is normally
not required. and the cells ere ready

~for immediata use. f full performances

are necessary immediately.-a
cammiasioning charge as menrtionad in

" section 4.2.is recommended.

4.2, Cells stored maore than
6 manths and Up to 1 year:

" A commissioning charge is necassary.

Verify that the ventilation is adeguate

during this operation.
g & :

+ charge. at constant current for 18 1
with the current in the Table A,

Nota that at the end-of tha charge
‘perind, the individual cell voltage may
rise up to 1.85 V/cell. '

» In case constant Current charging is
not pr‘owdmg iv is possible to achiave
this with a constant voltage by usmg
a high voltage level, minimum
1.85 V/cell for 30 hours with the
same current limit as in the Table A.

‘When the churger maximum voltage

setting is too few to supply constant
currant, char‘gmg divide she battary
into two parts te be chargad

_individuaily at constant currant.

I the case of remoie areas, where
tha anly charger available is the
phatovoltaic array, the battery should
ba connected to the systam with o
connected load and no voitage limit.
The battery shauid then be chargad in
good sunshine conditions. During this
operatian, the Ah charged shall be in
the magnitude of 1.6 time she rated -
capacity, and, in ardar to limi; the risk
of alectrelyte overflow, i is .
recommeanded not to excesed the charge
currant valua specified in the Tabla A.



g'r*

a5

g
:=u.-4

arging in service

otovoitaic array converts sofar
ince into DG efectrical power at a
termined range of volages

war sufficient solar radiation is
sz, Untike a main connactad -

n, the output from a phatovoltaic
is variable and, to obtain the
fficiency from the system, it is
1armal to have some form of

= gontral.

sain technics for charging the
fes are generally used in
maltaic systems.

arg those which have a

ant vaitage limiation based on
A/M tachnics and thase with

i voitage steps charging where
ittery, by switching means, is
ing up to a high pre-set voltage
, or float threshold), then drops
wver volcage level (hatiery '
-gct threshaid] and then back
high pre-set voltage and so on.

nmended charging voltagas for a
| photovoltaic application sized for
5 or mora back up tima: '
e of constant voltage lisnitation
vVt requlator system or similar]
aak: 1.50 V/call

aost {nok mandatory]: 1.85 V/cell
e of regulators based on the
tching principle: .

yost thrashald [not mandatary):
G5 V/cell

)at thrashold: 1.55 V/call

itery reconnect threshold:

45V /cell s

wer back-up. time, the values

0 be increased depending of the’
aguirement, Cunsult the

‘acturer.

se in warm areas, & r.empéracur'e
znsation on the charge voitage is
scommendad,

se in cold areas, 8 t:emperaturﬂ .
snsation is recommended o
i5e the charge acceptance.
agommended velue is:
mv,/°C/cal [-1.4 mV/°F/cell)
1g from +20°C (+BB°F].

Table A:

6. Periodic Maintenance

"#In a correctly designed standby

application, ‘Sunica,.plus requlres the
mmlmum of attentiom,

However, is good practice wn:h ‘any
systam [a'carry out an inspection af
the systam once per year or at the
racommended topping-up interval
parind. ko ensure that the charging
systam, the battery and the ancilary
elecwonics are all functioning correctly.

® When this system service is carried
out, i is recormended that the
fallowing actiens should be taken:

cell electrohvta levels should be checked
. visually to ensire that the level is above
the mminimurm and i necessary the cells
shiould be topped up. Use only distited
or deionized water {see Table A for
the quantity of water per cail].

the batteries should also be checked
- far- external cleanliness, and if -

¥

necessary cleaned with a darmp brush

-using watar Da ook 'use a wire brush
‘or solvents of any kind. Vent plugs can
be rinsed i clean water i riecessary,

strial Battery. Grnup
1e Sadi Carnot

0 Bagnalet - France

33 14993 1918

33 149893 19 64

safthatteries.com

Doc N° 21522.2 - 0604
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Pragma - F‘rirm;d in France - 3k

SUN D 45 M8
SUN @ 90 - a5 .40 8.5 280 M A
SLIN 105 100 . 105 10 380 I ERE
SUN 140 . 138 140 13 300 M 10
SUR & 183 171 185 17 S0 i 10
SUN @ 2390 213 : 230 21 580 M 10"
- BUN D 275 956 - a75 26 - 700 M-10
SUN 6320 00 320 ao - BB L ks
SUN @D 370 aar 370 34 ~ 1000 =Eerals]
SUN $ 415 . 389 e a8 - 100 2xM1D -
SUN & 480 . 437 - 460 43 . 1200 2 % M10
SUN @ 505 R 805 - 47 1300 2« M1D
SUN B 555 512 555 51 1400 2xM10
SUN & BaF . 587 BT B0 - 1700 3 M0
SUN B 735 T BE2 735 58 190y 3 x M10
SUN % 830 - 768 330 77 © 2100 3 % N10
SUM @ 920 853 EE) 85 2400 - ax M10
SUA & 1140 1024 1110 102 9800 . 4 x M0

 slf the connectors must be tight. The
connectors and terminal boits should
be corrosion-protected by coating
“with a thin fayer of anti-corrosion oil!

7. Envirgnment

Ta protect the environment all usad

_batteries must be recycled. Contact

your local S&ft representative for

Cfurther infarmagon.
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P e e £ a1

1 Frc:me ensures dependab[e
nce, even under harsh wedther
5. Predrilled mouniing holes are

for ease of installation.

nsiens (in/mm) 47.2x20.8/1200x527

- junetion Bax} {in/mm) 2.2/58
=. junction boxj lin/mm) © 0 1.3/34
al 16.7/7.6
ypa } ProChargsri™ iP_AIA{ :

iize (in/mm) S5xd.4x1.8/130x1 10550

n box aliows for easy field

nt of diodes.

fion instructions, please
Shelt Salar Installation and
uctions.

5 sctrical iﬁ%‘a presete ristics
Dara af :munuurs: Test Conditions (STC]
'STC: inddianee lovel 1000‘N/m2 spech'um AM 1:5and cell fempemmre 25 C.

PowerMax™ Ultra 80- |  Ulira 85- P

Ruled power W] - R a5 83

Peck powsr™ [W] o Popp™ _ 80 85

N Mciduis efficiency (%] i | (27 ' - 134
Maximum system woltage - Ysys SO0V [UL/715Y iy} ._ LS00V (UL]/?].SV,(TU\/)
Peak power vollags [V] ' Vg 168 Rt
Peak power current [A} o [ : 475 4.93
Open circuit voliage [¥], T M T 218 2222 %
Short aircyit current [A] ' lse S 5.35 5.45

- Series fise rcr!iﬁg [A] ) B T ) 20 20

© Minimum peak pov»;ar Wl - Pragp min S Te . 80.75

- *Tolerance on Peck Pr:.wer %] . B . L w/5 . +/-5

* The cbbreviation 'mpp" stands Fo!:-Mumeum Power Point,

- Typical Dafa at Mominai Operating Call Temperature {NO_CT) conditions

NOCT: ira_'adidné_e level 800YY/m?, spefct:rum AM 1.5, wind velocity 1m/'s, Toms 20°C.

Temperature [C] "~ . Thoer | 455 - ' 455
Mpp power (W] - . ' Prep 50 B 63
Mpn voltage [v]. - A Yoop o 15.8 : C o164
Opan cirault vollage [V] T Ve 200 20,7
' Short crcud curredit [A] T ' 4.20 . 4.25

Temperature coefficients

o P %/°C) B | 0,43 , . .0,43
@ Yingp [mV/*C] S o : 725 75
a b [mA/°C] . : e 1.4 1.4
aVoe [nV/°C] R - ' 645 ' 645
Typical data at low irradiance -

The relative reduction of module efhuency at an iradiance of 200W/m2 in reluﬂon fo
1000W/m? both at 25°C cell temperature and-spactrum AM 1.5 is 8%,

¥ 1/Powsrbax/OFSrid} ZV/E_IO-P/BS-F/'US/'DAIOS

e
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Load list for solar power system

setricaf Emergency Lighting {System I}

m Description Typeof | Unitload | Load | Efficiency Total load Daily duty | Total load | Total load
0. supply (V)| (watt) | quantity (%) {watt) cycle inhrs | (Whiday) | {Ah/day)
1 |Fluorescent emargency lighting 24 18 1 g0 2204 14 3080 128.3
Total load per 24hr cycle 220 3080 128.3
Design Margin at )% Q 0
___|Deslign Load per 24hr cycle : 220 3080] 128.3

itrumentation and Telecommunication Power (System [IA)

m Description Typeof | Unitload | Load | Efficiency Total oad Daily duty | Total load { Total load
0. supply (V)] {watt) t quantity (%) {watt} cycle in hrs | (Whiday) | (Ah/day)
1jRTU and microwave radio 24 316 1 100 316 24 7584 316.0
2|Wellhead control panet 24 8 1 100 8 24 192 8.0
3|VHF Radio (crane) 24 140 1 100 140 0.857 120 5.0
Total load per 24hr cycle 464 7896 329.0
Design Margin at 0}% 0 0
__ | Design Load per 24hr cycle 464 7896 329.0

strumentation and Telecommunication Power (System HB)

am Description Typeof | Unitload | Load } Efficiency Total load Daily duty | Total load | Total load
10, supply (V)| _(waft) |aquantity] (%) (watt} cycle inhrs | (Whiday) | {Ah/day) |
1{Muttiphase Flow Meters 24 30 6 100 180 24 4320 180.0
2|Fire and Gas Panel ] 24 175 1 100 175 24 4200 175.0
Total load per 24hr cycle 355 8520 355.0
Design Margin at 10]% 852 355
___|Design Load per 24hr cycle 390.5 9372 380.5
arine Navaids (System lll)
Bm Description Type of | Unitload } Load Efficiency Taotal ioad Daily duty | Total loag | Total load
1. supply (V)| (watt) | quantity (%) (watt) cyclein hrs | (Whiday) | (Ah/fday)
1|Navaids Lantems 24 265 4 100 10.6 16 1696 7.07
2iFog Hom 241 - 37.08 t 100 37.08 24 B889.4 37.08
3|Fog Detector 24 5.56 1 100 5.56 24 133.4 5.56
Total lcad per 24hr cycle 53.22 1192 49.69
Design Margin at 0]% 0 0
Design Load per 24hr cycle - §3.22 1192 49.69




Battery Sizing For System |

Equipment design calculation basis

Nominal system voltage

Battery system capacity, % of total system requirements:
Autanomy period

Ageing factor for battery capacity

Temperature correction factor for battery performance

Load data and derating

Average daiiy load
Voltage regutator efficiency
Average daily power consumption

Battery system sizing

Assumed daylight hours per day

No of hours for which load is supplied by battery
Total load demand over discharge period

Average discharge current per battery

Maximum percentage discharge allowed (max DODY:

Required min battery capacity per battery system
Actual selected bafiery capacity

Achieved system capability

Achieved autonomy

Battery utifisation from iitial nominal capacity

Distribution load per night cycle
Actual overnight depth of discharge
Actual autonomy period, without derating

Battery ufilisation from aged capacity
Actual overnight depth of discharge

Actuai autonotny peried to 100% discharge.
Solar Power Requiremnents

Minimum time to recharge from specified DOD

Distribution fead per discharge cycle

Battery recharge inefficiency loss at 7 %.of cycle
Daily battery self-discharge loss at 0.01 % of battery
Total average solar energy requirements

Vs
Rb

kage
kT

Giett

n
Qd = Qd1/

feb
{241d)

Qs

id" = Qsits
kd3F

Qb'=Qd/kd3/kage/KT

Qb

Qb/Qb' *100
Qb/Qdkd3/ 100 s kage kT

Qd1" = QdIQb™KT*100
tsact = Qb/Qd*KT'ts

Qdtact = Qdi'kage
tsact = tsact*kage

Tch

Qhloss = Qd* 7%
Qbdisch = Gb*0.01%" Tch

oA Honoun LI (N | T ¢

1

o n-uH

24 Vdo
100 %
14 hours
0.91 p.u.
1 pu.

128.3 Ah
92 %
139.5 Ah

{from Joad list)

10 hours
14 hours
138.5 Ah
996 A
80 %

1916
213 AR {CH)
111 %
1556 hours

1395 Ah
65.49 %
21.38 hours

7197 %
18.45 hours

7 days
139.5 Ah
8.8 Ah.
0.1491 Ah
142.4 Ah

18.93 Ah per day
1.39 Ah per day
0.02 Ah per day

21.34 &b per day

iEnoyon



tery Sizing For System HA

lipment design calcuiation basis

ninal system voltage

tery system capacity, % of fotal system requirements
onanvy period

sing factor for battery capacity

nperature comrection factor for battery performance

id data and derating

srage daily load
tage regulator efficiency
rage daily power consumption

leria 1 - Battery system sizing - daily load cycle

sumed daylight hours per day

of hours for which load is supplied by battery
srage daily per battery load discharge

Kimum percentage discharge aliowed

tery size requirement

teria 2 - Battery system sizing - full discharge cycle

ly load demand on battery without solar aray
rrage battery discharge current

al battery load demand over discharge petiod
ximmum percentage discharge allowed {max DOD}
tery size for max DOD from 100% charge

juired minimum battery capacity per battery system
tual battery capacity

vieved system capability at specified autonomy of
nieved autonomy

Htery utilisation from initial nominal capacity
tribution load per hight cycle

wal avernight depth of discharge

tual autenomy period without derating

ttery utilisation from aged capacity

tual overnight depth of discharge
tual autenomy period

lar Power Requirements
aimum fime to recharge from specified DOD

ity night-time distribution load
lity chay-time distribution load

tery recharge inefficiency loss at 7 % of cycle:
ity battery self-discharge loss at 0.1 % of battery
ily systern energy requirements:

ttery capacity to be recharged

{tery recharge inefficiency loss at 7 % of cycle

lily recharge load from full discharge
ial average solar energy requirements per 24 houy

7 days

Vs
Rb
s
kage
KT

Qdt

n
Qd = Qdim

td
24t

Qbd = {241d)/24*Rb/100*Qd
Kt

Qbd" = Qbd/(tkd1/100)/kage/kT

Gs = Rb/100*Qd
Id = Qs/24-id)

Qbs = Qs'ts

*d3 ‘
Qbc = Qbs'Kkd3/100)/kage/KT

Qb'=Max(Qbd, Qbc)
ab
Qb/Qb' *100

Qdin = Qd*(24-d)/24
Qd1" = QdLnA{Qb*KT)™ 100
tsact = Qb*KT/Qd

Qdtact = Qdt'/kage
tsact = tsact*kage

Tech

Qdin

Qd =id/’24*Qd

Qbless = 7% "Qdin
Qbdisch:= 0:1%*Gb

Qd" = Qd+Qbloss+Qbdisch
Qbs' = Qs*is

Qbloss' = T%*Qbs’

Qchr = (Qbs'+Qbloss) Tch
Qchr + Qg™

a0

LI T I B ¢ i

H R IR

L L I T N O N | B B 4 H oI H o [ [ 1 I |

24 Vdc

160 %
7 days
091 pu.
1 p.u.

328.0 Ah
92 %
357.6 Ah

{from foad list)

8 hours

16 hours
238.4 Ah
20 %
1310 Ah

357.6 Ah
24 A
2503.3 Ah
80 %
3439 Ah

3439 Ah

4449 Ah {C128)
1201 %

8.04 days

238.4 Ah
537 %
12.42 days

580 %
11.3 days

28 days
238.4 Ah
119 Ah per daylight cycle
16.7 Ah per night cycle
4 44 Ah per 24 howrs
378.7 Adrpet 24 hours
2503.3 Ah
175.2 Ah
95.66 Ah
474.4 Ah

144 %



wy Sizing For System B

pment design calculation basis

nal system voliage

ry system capacity, % of total system requirements
oy period

1g factor for battery capacity

erature correciion factor for battery performance

| data and derating

age daily load
ge regulator efficiency
age daily power consumption

ria 1 - Battery system sizing - daily load cycle

med daylight hours per day

f wours for which load s supplied by battery
age daily per battery load discharge

mum percentage discharge alowed

ry size reguirement

iria 2 - Battery system sizing - fuli discharge cycle

' load demand on battery without sojar array

age battery discharge current

 battery load demand over discharge petiod
mum petcentage discharge aliowed {max DOD)
wy size for max DOD from 100% charge

sired minimum battery capacity per battery system
it battery capacity

eved system capability at specified autonomy of
eved autonomy

ery utilisation from initial nominal capacity

ibution load per night cycle
al overnight depth of discharge
al autonomy pericd without derating

ery utilisation from aged capacity

&l overnight depth of discharge
1a} autonomy petiod

ir Power Reqjuirements

murn time to recharge from specified DOD
¢ night-time distribution load

y day-time distribution load

ery recharge inefficiency loss at

¢ battery seif-discharge loss at

y system energy reguirements.

ery capacity to be recharged

ery recharge inefficiency loss at

y recharge load from full discharge
3} average solar energy requirements per 24 hour

7 % of cycle
0.1 % of battery

7 % of cycle

7 days

Vs
Rb
is
kage
KT

Qd1

n
Qd = Qd1/m

td

244d

Qbd = {244d)/24*Rb/100*Qd
Kt

Qbd" = Qbd/(kd1/100ykage/kT

Qs = Rb/100*Cd

Ief = Qs/(24-td)

Qbs' = Qs*ts

kd3

Qbe = Qbs'(kd3/100)/kage/kT
Max(Qbd,Qbc)

Qb

Qdin = Qd*(24-td)24
Qd1" = QdLaf(Qb*KTy*100
tsact = Qb*KT/Qd

Qdtact = Qdi'kage
tsact = tsact*kage

Tch

QdLn

Qd' = td/24*Qd

Gibloss = 7% *QdLn:
Qbdisch = 0.4%*Qb

Qd" = Qad+Qbloss+Qbdisch
Qbs' = Qs™s

Qbless’ = 7%*Qbs’

Qehr = {(Qbs'+Qbloss")/Tch
Cichr + Qd”

(U R I |

N

oo o

o ponoun

nowdbn

It

L T T ¢ | I [ I A [ R (I

24 Vde
100 %
7 days
091 pu.
1 p.u.

3805 Ah
a2 %
4245 Ah

{from load list)

8 houwrs

16 hours
283.0 Ah
20 %
1555 Ah

4245 Ah
265 A
29712 Ah

80 %
4081 Ah

4081 Ah-
4440 Ah {C120)
1088 %

7.6 days

2836 Ak
637 %
10.46 days

7.00 %
9.5 days

28 days
283.0 Ah
141 Ah per daylight cycle
188 Ah per night cycle
4 44 Ah per 24 hours
4487 Ahr per 24 hours
2971.2 Ah
208.0 Ah
11354 Ah
562.2 Ah

144 %



ttery Sizing For System il

uipment design calculation basis

iminal system voltage

ttery system capacity, % of total system requirements:
tonomy period

eing factor for battery capacity

mperature correction factor for baftery performance

ad data and derating

erage daily load
ltage regulator efficiency
erage daily power consumption

y-time power consumption:
Jht-time power consumption:

iteria 1 - Battery system sizing - daily load cycle

sumed daylight hours per day

1 of hours for which load is supplied by battery
erage daily per battery load discharge

wimum percentage discharge allowed

ttery size requirement

iteria 2 - Battery system sizing - full discharge cycle

ity load demand on battery without solar array
erage battery discharge current

tal battery ioad demand over discharge period
wimum percentage discharge allowed (max DOD)
ttery size for max DOD from: 100% charge

wquired minimum battery capacity per battery system
:tual battery capaciiy

shieved system capability at specified autonomy of
‘hieved autonomy

ittery utilisation from initial nominal capacity
stribufion load per night cycle

Aual overnight depth of discharge

stual autonemy period without derating

ittery utilisation from aged capacity

stual overnight depth of discharge
tual autonamy period

slar Power Requirements
inimum time to recharge from specified DOD

aily night-time distribution Joad
aily day-time distribution load

ittery recharge inefficiency loss at 7 % of cycle
aity battery seif-discharge loss at 0.1 % of battery
aily system energy requirements

ittery capacity to be recharged

attery recharge inefficiency loss at 7 %:of cycle

aily recharge load from full discharge
stal average solar energy requirements per 24 hour

7 days

Vs
Rb.

kage
KT

Qd1
n
Qd = Qd1/n

Qe
Qd2

td

24-td

Qbd = (24-td)/24*Rb/100*Qd
Kait

Cbd = Qibd/(kd1/100)/kage/kT

Qs = Rb00*Qd

id = Qs/(244d)

Qbsg' = Qs*is

kd3

Qbe = Qhs'{kd3/100)kage/kT

Max{Qbd,Qbc)
Qb

Qdln = Qd*(24-4d)/24
Qdt" = QdEnA{Qb*kTY* 100
tsact = QL*KT/GE

Qd1act = Qd1/kage
tsact’ = tsact*kage

Tch

Qdin:

Qd" = tdiz4* Qck

Qbloss = 7% *QdLn
Qbdisch = 0.1%*Qb

Od" = Qd+Qbloss+Cbdisch
Qbs' = Qs*is

Qbloss’ = 7%"Chs’

Qohr = (Qbs'+Qbloss')Tch
Qchr + Qg™

iAo

L]

H uw H

i n i A

nn i

K n

B W H 0 B HoBH B R

24 Vdc

100 %
7 days
0.91 p.u.
1 pu.

48.7 £h
92 %
54.0 Ah

{from load list)

154 Ah
386 Ah

& hours

16 hours
3386 Ah
20%
212 Ah

54.0 Ah
34 A
378.1 Ah
8 %
519 Ah

519 Ah

545 Ah (0120}
1242 %

8.7 days

36.0 Ah
558 %
11.94 days

6.13 %
10.9 days

14 days
38.6 Ah
18 Ah per daylight cycle
2.7 Ah per night cycle
(.645 Ah per 24 hours
§7.4 Ah per 24 hours
378.1 AR
28.5 Ah
28.89 Ah
86.2 Ah

174 %



Battery Sizing Summary
Design Load

System |
System llA
System B
System {ll

Battery Size

System |
System KA
System B
System Hi

Solar Energy Requirement

System |
System HA
System IiB
System il

Electrical

RTW Wekhead Conirol Panel/VHF Radio
Muitiphase Flow Meter/Fire & Gas Panel
Navaids

Electrical

RTU/ Wellhead Control Panel/VHF Radio
Muitiphase Flow Meter/Fire & Gas Panel
Navaids

Elecfrical

RTU/ Wellhead Control Panel/VHF Radio
Multiphase Flow Meter/Fire & Gas Panel
Navaids

It 0 unn g

[ |

128.3 Ahfday

329 Ah/day
390.5 Ah/day
4969 Ah/day

213 Ah
4440 Ah
4440 Ah

645 Ah

21.34 Ah/day
474 4 Ahlday
562.2 Ahfday
86.25 Ahfday



gctrical Solar Array System Sizing
rad-Data

swrinal system voltage
iily load energy

oduile data

arranted minimum power-

yminal load eurrent up to peak power veifage
smperature performance factor of efficiency
idititonal output due to Temperature correction
aminal voltage

lar & Array sizing Data

juivalent sun-hours-{Note 1)-

) of series module comnections per array

2l temperature (Note 2)

jeing, degradation, alignment, filt and fouling factor (Note 3)
ngle module capability

" no of modules per array

Tay capabilty

slected no of modules per array
apability of array
alculated system capability at actual load

stes;
) Based on insolation daia for worst month (August)
}  -Average daily maximum for August
) 15 % for degradation
2% for mis-alignment
1% for fouling
2 % cell mismatch
3% wirng/cabling losses

Pmpp

impp

Ky

K100 x {T,-25)
Vi

ESH
Ns=\/ri\ni
Ta

kr

Imod=Impp*kr+{K1/100 % {Ta-25))] *ESH

Nmin = Qf/lmed*Ns

Nact
QA1 = Nact/Ns*imod

1l |

LU | I [ T (I |

(LI

24 Vdo
21.34 Ah

85 W.
495
0.43 APC
0.1505 A
12V

3.86 KWh/day/mi
2
60 *C
Q.77
15,2933 Ahfday
2.79 modules

4
30.5866 Ah/day
1433 %



m IIA Solar Array System Sizing
Data

1al system voltage
nad energy

le data

ited minimum power

al load current up to peak power voltage
srature performance factor of efficiency
'onat output due to Ternperature correction
1al volfage

& Array sizing Data

ilent sun hours (Nole 1}

series module connections per array

mperature {(Note 2)

3, degradation, alignment, tilt and fouling factor (Note 3)
module capability

y of modules per array

capabilty

ed no of modules per array
sility of array
ated systemn capability at actual load

Based an insolation data for worst month (August)
Average deily maximum for August
15 % for degradation
2 % for mis-alignment
1 % for fouling
2% cell mismatch
3 % wiring/cabling losses

Pmpp

Impp.

Ky

K100 x (T4-25)
Vn

ESH

Ns=VriVn

Ta

kr

Imod = [Impp*kr-+HK1/100 x (Ta-25))] *ESH
Nmin = Q/lmod™Ns

MNact
QA1 = Nact/Ns*imod

i

1O I VO | B 1 |

it 1 n

24 Vdc
474.40 Ah

85 W
495 A

0.43 APC
0.1505 A
12V

3.88 kWhiday/n?
2
80 °C
0.77
15.2933 Ah/day
652.04 mochles

82
474.0929 Ah/day
99.9 %



em HB Solar Array System Sizing
| Data

inal systern voltage
ioad energy

ule data

anted minimum power

ina! load current up to peak power voitage
serature performance factor of efficiency
itonal output due to Temperature correction
inal voltage

r & Array sizing Data

valent sun hours (Note 1}

f series module connections per array

ternperature (Note 2)

ng, degradation, alignment, tilt and fouling factor {Note 3)
le module capability

1o of moduies per array

y capabilty

sted no of moduies per array
ability of array
ulated system capability at actual load

=N
Based on insolation data for worst month {(August)
Average daily maximum for August
15 % for degradation
2% for mis-alignment
1% for fouling
2% cell mismatch
3 % wiringfcabling losses

\r

Pmpp

Impp

Kr

K4/100 x (T,-25)
Vin

ESH

Ns=\r/\Vn

Ta

kr

mod=[lImpp*kr-+(K3/100 x (Ta-25))] *ESH
Nrmin = Qfmod*Ns

Nact
QA1 = NactiNs*Imod

I

1]

LV I T PR I ||

24 Vdc
562.25 Ah

85 W
495 A
043 AFPC

01505 A
12V

3.86 KWhiday/m?
2
BG °C
Q.77
15.2933 Ahlday
73.53 modules

74
565.8528 Ahfday
100.6 %



em I Solar Array System Sizing
| Data

inal system voltage
foad energy

ule data

-anted minimum power

inat load current up to peak power voltage:
perature performance factor of efficiency
titona! output due to Temperature cofrection
inal voltage '

r & Array sizing Data
valent sun hours {Note 1}

f series module connections per aray
ternperature (Nate 2)

ng, degradation, alignment, tilt and fouling factor {Note 3)

le module capability
no of modules per array

\y capabilty
cted no of modules per array

abifity of array
ulated system capabifty at actual load

g

Based on Insolation data for worst manth (August)

Average daily maximum for August
18 9% for degradation
2 % for mis-alignment
1% for fouling
2 % cell mismatch
3 % wiringfoabling losses

Vr

Pmpp

impp

Ky

K100 x {T5-25)
Vn

ESH
Ns=VriVn
Ta

kr

Imad=[Impip*kr+(K1/100 x (Ta-25))] *ESH

Nmin = Qfimod™Ns

Nact
QA1 = Nact/Ns*imod

L

Houuw

h

LI T [ | B (I 1

I3 BT

24 Vide
86.25 Ah

85 W
4.95 A
0.43 AF°C

0.1505 A
12V

3.86 kWh/day/m?®
2
60 “C
077
15.2933 Ahfday
11.28 modules

12
91.7599 Ah/day
106.4 %



Solar Array Sizing Summary

Solar Energy Requirements

Systemn |
System {IA
System B
Bystem 1

No of Solar panels

System {
System HA
System IIB
System |t

Array Capability

Systemn |
System 1A
System 1IB
System I

Electrical

RTUF Welthead Control PanelMHF Radio

Multiphase Flow Meter/Fire & Gas Panel
Navaids

Electrical

RTU/ Welthead Control Panel/VHF Radio
Multiphase Flow Metet/Fire & Gas Panel
Navaids

TOTAL

Electrical

RTU/ Wellhead Control Panel/VHF Radic
Muifiphase Flow Meter/Fire & Gas Panel
Navaids

unownu

Woinn

n

21.34 Ah/day
474 40 Ahfday
56225 Ahfday

86.25 Ah/day

4 Nos
62 Nos
74 Nos
12 Nos

152 Nos

30.59 Ah/day
474.09 Ah/day
565.85 Ah/day

91.76 Ah/day



