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Standard Method For Defining And Calculating The
Load Profile Of Aids To Navigation

1 INTRODUCTION

One of the conclusions of the IALABATT 2 Workshop held in St. Germaibage
in 1993 was that IALA should as a matter of urgency, preparanaatd method of
calculating and defining the load profile format for those amdsavigation which
utilise batteries.

This task was added to the Work Program for the IALA Engineering Committiee at
conclusion of the 1994 IALA Conference in Honolulu. The continued need for this
methodology was reconfirmed in the Spring of 1997 at IALABATT 3 Workshop

2 OVERALL VIEW ON AIDS TO NAVIGATION LOADS

Electric power loads of aids to navigation apparatus are often aloakext variable
when designing or troubleshooting a solar power system

a) The quiescent, daytime and night-time loads, if not calculated correaly, c
lead to premature failure of the power system. Quiescent loads, however
minor, add to the daily load.

b) Loads which operate either daytime or night-time only will fluctuate
depending on the date of operation and latitude of the aid.

c) The power requirement of some loads varies depending on input voltage,
whether they are constant or cyclic (flashing), and temperature. These
variables can have a considerable effect on a power system.

2.1 Quiescent loads

The quiescent load is the power requirement of a piece of equipnmertst#ning or
monitoring. Transceivers generally have different load profiles when tramgnand
when listening. Charge controllers usually consume more power dharay when
the charging relays (which can consume significant power) raeegised, than at
night or when the battery is fully charged.

2.2 Day/Night loads

Daytime or night time loads can vary significantly fromsseato season. A light
operating at night at 58 degrees North latitude will be illumahatgproximately 18
hours in December and less than 6 hours in June. These differamcésve a
significant impact on the size of the generator and the battery.

2.3 Power demand variation

Temperature extremes and voltage fluctuations can also cauesgownain the power
requirements of loads. A resistive load will draw more energyha voltage
increases. Many components exhibit this characteristic.

Loads that operate during the daytime at photovoltaic powered aidsitation will
typically be exposed to higher system voltages as the #iiesmy to recharge the
battery. Components used should be able to handle these variations. The powe
consumption of the loads must be determined at the typical operating voltages.
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Loads that operate both day and night may see different systengeslad an

average power consumption may need to be calculated to accymaeigt system

performance. Likewise, the power consumption of some loads varidbeas
temperature varies from ambient conditions.

An accurate load profile from the vendor and an idea of the opeairdjtions are

very helpful in estimating the actual power requirements; aoteasurements at the
aid site (or simulated) are vital to confirming the adequacyhefgower system
design.

3 COMPUTATION OF DAILY LOADS

The most important aspect of a primary or secondary battergrpdvsystem design

is the calculation of the daily load{B. This is usually expressed as watt-hours per
day (Wh/day). For a continuous load of 1 watt, for example, thisilesilen is
expressed as:

EpoL (Wh) = Load (W) x Duration of Operation per Day (h/day)
Ep. =1 W x 24 h/day = 24 Wh/day

This means that a primary battery system will be deplete2fthyatt-hours every day
it operates, and that a renewable energy system should produestathbg much
energy in one day of operation, having taken into account battery charge efficiency.

3.1 Duty cycle
Loads that are cyclic are expressed in terms of a duty cycle where:

TimeON

DutyCycle= — -
(TimeON + Time OFF)

Therefore, a cyclic daily load of 1 watt that operates 24 hourdagrhaving a
character of 3 seconds ON and 3 seconds OFF, is expressed as a daily load of:

By cycling the load, the daily load in this case is half obadloperating at 100

EoL=1W x 24h/day x 3secON =12Wh/day

3secON + 3secOFF
percent duty cycle. This is an important aspect in selecting eqotpwhen using
either primary or renewable energy systems. It can be beilab cycle off the load
to conserve power, as long as this type of signal can still rheepperational
requirement.

4 SEASONAL VARIATION OF DAILY LOADS

Loads that are daylight controlled, that operate only during the dawlgrat night
take more work to predict. Because the number of hours of daylighyehaaily,
the load will change daily. Most simple power system desayesbased on the
highest daily power consumption. In the Northern Hemisphere, this soecaund
December 21 for nighttime loads and June 21 for daytime loads. Tée al&t
reversed for the Southern Hemisphere. A more precise method deedte a
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computer program, or use a computer spreadsheet, to calculatedtierleach day
of the year, and then assess energy balance during the most demaenid of
operation.

Assuming that loads switch on or off at sunrise or sunset, theti#stin determining
daily loads is to calculate the number of hours of daylight onyersely, the number

of hours of darkness. The number of hours of daylight in a dayighd, is defined to

be the number of hours between sunrise and sunset. The number of hours skdarkne
HaarknessiS defined to be the number of hours between sunset and sunrise. Eitreer of
following two equations can be used to calculate the number on hours of daylight.

If all calculations are done in degreben:

-0.015%sin(L) xsin(D)
cos(L) x cos(D)

2
Hdayight= — arccos
15

or, if all calculations are done in radia(remember to express L and D in radians),
then:

-0.015%sin(L) xsin(D)

24
Hdaylight= — arccos
cos(L) x cos(D)

Where :
H dayiight = the number of hours between sunrise and sunset.

L = the latitude of site, positive values for northern latitudegative values
for southern latitudes.

D = the sun's declination, positive values for northern declinationatineg
values for southern declinations.

Note:

The number -0.0151 is a number that has been derived to express the imounbef
daylight that incorporates both the semi diameter and the refraction affects.

The sun's declination ranges between 23.45° S (-23.45°) and 23.45° N (+23.45°). The
day with the largest number of hours of darkness occurs on the dtte wiinter
solstice. The declination on the date of the northern hemisphere's satddce is
23.45° S (-23.45°). The declination on the date of the southern hemispherets winte
solstice is 23.45° N (+23.45°).

The sun's declination (D) in degrees can be approximated as:

D = 23.45 sin(1.008(n-8p forn=1-80
D = 23.45 sin(0.965(n-§p forn =81 - 266
D =-23.45 sin(0.975(n-29p for n = 267 - 365

Where n is the Julian date and all calculations are done in degrees.
For latitudes greater than 65.6° the:
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-0.0152-sin(L) xsin(D)
cos(L) x cos(D)

term in the Hayight €quations will be less than -1 for a portion af glear and greater
than +1 for a different portion of the year. Durithgse portions of the year the above
equations for lhyigh: be used and instead, the following apply:

f —Q015L sinLsinD - -1thenHaayigh = 24 (thesundoesnotset)
cosL cosD

The number of hours between sunset and sunriggndss, can be readily calculated

If - 0.015L sinLsinD > +1 thenHdayight = 0 (thesundoesnotrise)

cosL cosD

using Hiaylight:

Hdarkness= 24 - Hdaylight

Example: To find the maximum daily load for a cgdibad of 1 watt that operates at
night, having a character of 3 seconds ON and ®m&kc OFF at 42 degrees N
latitude, proceed as follows:

Since the load operates at night, the greatest &t occurs at the time of the winter
solstice when the sun's declination is -23.45°: 2345°

Electing to perform all calculations in degrees:

-0.0151-sin (42) x sin (-23.45)
c0s(42) x cos(-23.45)

Haarkness= 24 - Hdayiight= 24 -9.1= 14.9h0urs/day

Hdaylight= 1—25 arccos =9.1hours/day

Therefore, the maximum daily load{8 is:

Eo.=1W x14.9hours/day 3seCON ____ _7 45w .hiday

3se(ON +3se(OFF

To find the daily load for the same cyclic loadfebruary 14 proceed as follows:

D =23.45sin(1.008(n- 80)) with n =45 (Juliandatefor Februaryl4is45)

D =-13.54°
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Again electing to perform all calculations in degge

-0.0151-sin(42)x sin(-13.54)
cos(42)x cos(-13.54)
Haarkness= 24 - Haaylight= 24 -10.5= 13.5h0urs/day

Hdaylight= % arccos =10.5hours/day

Therefore, the daily load is:

This is a theoretical figure with the Aids to Naaign switched on and off with a
photocell. The real figure could exceed this vadgeording to climatic conditions,
local conditions, shading and photocell adjustmento avoid these variations,
particularly at high latitudes, actual measuremeitih a clock-driven data logger of

EoL=1W x13.5hours/day 3secON =6.75W.h/day

3se(ON + 3se(OFF
when the Aids to Navigation is turned on and offdsommended, or a safety factor
may be added to the equation.

5 ACTUAL LOADS

5.1 Lamp Loads

The most common load to all aids to navigatiorhes light. Lamps are classified by
voltage and lamp current or power. Lamps thativeceegulated output voltage from

a flasher or voltage regulator consume the ratezhlmulated current. For example, a
12 volt, 100 watt incandescent lamp will consun83&mperes at rated voltage. This
rating applies only to incandescent lamps operdixed-on. Flashed lamps, while

saving power during eclipse, draw more than thedraurrent during flash because of
the cold current surge of the filament as showhigure 1.

TYPICAL POWER OF A FLASHED LAMP

600 1
500
400
300

200

100

Lamp Power (watts)

0

0 05 10 15 20 25 30 35

Contact Closure Time (sec)

Figure 1

The area under the curve represents energy (E).efibegy consumed during one
flash (&) can be divided into 2 parts:

Ei= Esurge+ Ess
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Where:
E; is energy consumed during one flash.

EsurgeiS the portion of the consumed energy associatddthe surge. This is
represented by the upper area of the curve in Eigjur

Essis the energy associated witeady stat@ower. This is represented by the
rectangular area in Figure 1.

Consider Eyqe for any given lamp &4 can be considered a constant. A plot of the
surge factor for common aids to navigation incandeslamps in shown in Figure 2.

SURGE FACTOR Esurge

— N
a o

Surge (W-sec)
=

Lamp Current (amps)

Figure 2
EsurgeCan be approximated by the following equation:
Esurge= 0.1019 X + 1.24x - 0.3341
Where:
X is the lamp current in amps
EsurgeiS in watts-seconds
Now consider E:

Ess = Pss X Ttiash
Where:

Pssis the lamp's steady state power requirementgg)vat
Trash IS the flash length (s)
Essis in watts-seconds

To find the energy consumed in a day (daily loaal) ynerely multiply by the number
of flashes in one day:
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EoL = E1 x numberof flashes

EoL=E:1 X

period

Where:

E; is in watt-sec

H is in hours per day light operates (hours)

Tperiod IS the light's period (sec)
Note that ., the daily load, conveniently comes out in Wh/day
Putting it all together:

EoL = E1 x numberof flashes

Example: What is the daily load of a 1.15 amp (288t) lamp that is flashing one

H

EoL = [Esurge+ Pss X Tflash] X
T period EoL = (Eurge‘l' Eg X

r{

period

second ON, one second OFF, on a day with 13.9 ludutarkness?

Esuge=0.1019(1.5af +1.24(1.153-0.3341
Esurge=1.2W -sec
Pss=13.8W

3.9hH
EMSHE@&V\PSSE&]% Sk period
H=13.9h/day
Tperiod = 25€C

Eo. =104Wh/day
The calculations listed above for lamp energy g@r@ximations based on empirical
data and may be used in lieu of actual measurem8ofspliers of lamps should be
able to provide average lamp current values fopafiular flasher rhythms. This data
permits a simpler calculation for daily load.

13.9h

2se(
As an example, a 12 volt, 0.55 amp lamp (6.6 wigéghing one second ON, one
second OFF, on a day with 13.9 hours of darknesawe a daily load of:

EoL =[1.2W - sect (13.8W)(1sec) x

Note:

From the manufacturer, a 12 volt, 0.55 amp lamp drasiverage current of
0.578 amps with a one second ON time.
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EoL = [PaverageX Tflash] X

period

Paverage=12 voltsx 0.578amps=6.9W
13.9h
2sec

EoL =[6.9W x1sec]x
Eo. =48.0Wh/day

Note: These surge effects decrease with the numbdlashes in multiple flash
characters, and does not apply to LEDs.

5.2 Flasher Loads

The device used to flash the lamp also requiresepoManufacturers of flashers
should be able to provide the power requirementbaif units; an average value may
be sufficient for high efficiency units. Otherwisthe demand during flash, eclipse
and when idle (daytime) may be required to caleuthe load profile. In general, the
energy demand is calculated as a daily load, &ssl

EbL(calculated)= Pyuiescen( W) X Hours of Daylight (h/day)+Ripse (W) X (1-Duty Cycle)
X Hours of Operation (h/day) &, (W) x Duty Cycle x Hours of Operation (h/day)

An example showing the simpler calculation using@rage power data is shown
below:

EbL(averags = Paverage(\W) X Hoursof OperatiorperDay (h/day)
EoL =0.240W x 24h/day=5.8Wh/day
Paverage= 240milliwatts (mW) continuougfrom manufactuersdatasheet)

Adding to the example, above:

E bLamp+flashen = 104 Wh/day + 5.8 Wh/day = 109.8 Wh/day for fiedHamp and
changer

Discharge lamps and associated ballast consume tharetheir lamp rating; the
ballast must be added when sizing a load. Agaimufe&turers should be consulted
to determine power requirements at the rated systgltage and temperature; and
these values should be confirmed by measuringekieeks in a realistic setting.

The energy consumption of flash tube varies wittvgrorating, flash rate and input
voltage. Because of the charge/discharge cycleceted with the capacitor, the
power requirements are generally averaged and idedcias a continuous load.
Manufacturers can provide energy demand figurdbexfe devices.

The introduction of an array of light emitting dexi (LED) as a light source is
becoming more and more common. The power consumpfian array of LEDs may
be calculated similar to that of a tungsten halogemp. An array of LEDs however
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does not have the high starting current refleateBigure 1 and for practical reasons
Esurgebecomes zero.

5.3 Optic rotation loads

Rotating optics have a load associated with thehar@sm used to rotate the turntable
assembly. Lighthouse services generally leave dinetatble rotating continuously,
both for operation at night, and during the dayptevent the sun from focusing
through the lens panels and damaging the lampsamapdhanger. Therefore, the
power requirements for the rotation mechanism shdn@ entered as a continuous
load. This load may vary significantly with tempeen@, so be sure to identify the
operating environment when requesting power demaridrmation from the
manufacturer. As an example, a rotating beacon av2tD3 ampere lamp with a fixed
rhythm flasher operating at night at 42 degreeatitude with a 1.2 mW continuous
motor will have an energy demand of:

EbL = Pmotor (W) X Hoursof OperatiornperDay (h/day)

Eo. =1.2 W* x 24(h/day)= 28.8Wh/day

*Assuming that the day and night power requiremargghe same.

Rotating beacons may use Fixed-ON flashers to adguloltage and operate the
lampchanger; then the energy demand is:

EoL = [Plamp (W) X Hdarkness(h/day)]+ Eﬂasher(Wh/day)+ Emotor (Wh/day)
From above:

Hdarkness= 13.9 h/day
Efiasher= 5.8 Wh/day
Eo. = [13.9 hiday x 24.4 W] + 5.8 Wh/day + 28.8 Wh/da$73.8 Whiday

5.4 Electric sound signals

Sound signals operate over a wide voltage and teatye range. Request from the
manufacturer of the signal the energy demand aexipected operating voltages (24
hour operation may have a high daytime and lowgitrime voltage when operating
on an unregulated solar power system) and the teegheperating temperatures.

For example, a sound signal with a power consumpif®1.6 watts during blast, and
0.24 watts when silent with a rhythm of one 3 selcblast every 30 seconds will have
an energy demand of:

EoL =[Pblast (W) X d%tg/C():chleH (Psient (W) X (1- dutycycle))]x hoursof operationday

Duty Cycle= =0.100r10%
3sN+27<OFF
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Eo. =[(21.6 W x 0.10)+ (0.24W x(1- 0.10))]x 24hours/day=57.02Wh/day

5.5 Fog Detectors

Fog detectors can be used to minimise noise pofiuliom sound signals. These
devices may use heaters in the projector and recewindows to prevent
condensation in cool weather. The temperature \inese heaters turn on varies from
model to model, but they typically turn on when gwar arrays produce the least
power. You must determine the turn-on temperat@itbese heaters and have access
to temperature data of the area. From this, an addaow long the heaters will be
activated (duty cycle) can be formulated. A daigglog recorder is a useful tool to
determine the duty cycle of the heaters, howevuréato account for an unusually
harsh cold spell may cause premature power systlwrd as the load will be
substantially higher. The data logging recorder e#so provide useful data as to how
many hours the sound signal will be operating wtihenfog detector control system
replaces the present 24 hour operation.

As an example, a fog detector has a power demafdwaitts with a heater load of 24
watts. The heaters turn on when the ambient terhperas below 10 degrees C.
Temperature data for the area indicates that tleeage minimum temperature is
below 10 degrees C between November and Marchtaadcestimated that they will

be activated 50% of the time during this periode Energy demands are:

EbL = (Pheater(W) X Duty Cyclex 24 h/day)+ Porojector (W) X Duty Cyclex 24h/day

Ebunov - mar= (24W x0.50x 24 h/day)+ (6 W x1.0x 24 h/day)= 432Wh/day

Ebvapr- oct =6 W X 24 h/day: 144Wh/day

5.6 Signal Control Equipment

Equipment used to monitor and control main and gerery signals typically
consume power. In general, the power consumptitngraelected is for when the
system is operating normally; i.e., main signaks @perational and using the main
power system. The loads associated with these e®wre calculated as continuous
loads. For example:

A universal switching device for controlling the imand standby signals draws 300
mW. A typical battery/load-transfer circuitry anthmm circuit draws 240 mW when
the main battery is on-line.

Therefore:

Since the aid has both main and emergency lights sound signals (2
switching devices), the daily energy demand ofdigmal control equipment
is:

EoL = (Pswitching (W) + Ptransfer(W)) X hoursof Opreation

EoL =(2 X (0.3W) +0.24W ) x 24h/day= 20.2Wh/day
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5.7 Charge Controllers

Charge controllers are used to provide overchargtegtion, load disconnect in the
event of low battery voltage and reverse curreotegation in photovoltaic systems.
Charge controllers have both operating and qui¢spewer requirements. These
values must be considered as loads. You must ateErmine when the loads are
active; daytime, night time or both. Check with thanufacturer of the controller to
determine what loads must be considered in theédgadtion.

For example, one popular charge controller hasiesgent load of 360 mW with a
maximum power consumption of 2 W when the arragharging. Assuming the
controller is installed at 42 degrees North latuthe maximum power consumption
is:

Since the majority of the load occurs in the dagtifwhen charging*) , the maximum
energy demand occurs on June 21.

EoL = (Pcharging (W) X Hdaylight (h/day))+ (Pquiescent(W) X Hdarkness(h/day))

Hdarkness= 9. 1h/day,HdayIight = 149h/day0n June?l

EoL = (2W x14.9h/day)+ (0.36W x 9.1h/day)= 33.1Wh/day

* Some controllers have normally closed relays #ratenergized (opened) only when the battenylis ¢harged. In
this case, the quiescent load applies 24 houry.a da

5.8 Racons

The power consumption of racons are difficult tedict, as the load will be
determined by on the number of times the raconteriogated. Most racons have an
upper limit on the number of responses broadcasthéf unit is continuously
interrogated due to a moored ship with the rad&ole or an unusually busy channel.
Consult with the manufacturer for high, medium dma power demand values for
these devices and local pilots in the area to oeter what level of traffic exists in the
waterway. Alternately energy demand measurememtd¥eanade with an integrating
ampere-hour or watt-hour meter over a 2 month gdedioring maximum traffic to
obtain a meaningful load profile.

For example, a racon has a quiescent current oh\84when idle and 11 W when
transmitting. The duty cycle is limited to 50%. Té#re, if the racon is continuously
interrogated:

EoL = [(Ptransmitt'ng (W) X DUty CyCIe)+ (Pquiecent(W) X (1- DUty CyC'G))]X 24 h/day
Eo. =[(11w x 0.50) + (84mW x (1- 0.50))]x 24h/day=133Wh/day

5.9 Monitor and Telemetry Systems

Monitor systems and their associated telemetryslinkry widely in complexity,
means of transmission and power demand. Low emagglels are available for solar
powered applications. Transmission methods will atlye affect the power
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requirements. Phone lines, radios and satellitgslieach have different power
requirements. The power demand of the transmiseice can usually be ignored if
contact is made briefly once or twice a day. Irs tbase, the quiescent demand is
calculated as a continuous load and can used ¢alatd the daily load. Consult with
the manufacturer of the unit to determine the dcphoaver consumption for the
application selected, but measure the currenteasite to confirm the design data.

Large stations with several non-uniform loads meawdjit from the
measurement of both the power generated and edergsind of the loads at
the site over a period of one year. Data recoraersvailable to measure and
store daily average data over one year.

6 SEASONAL AIDS

Seasonal aids are operated for a portion of the ged either removed or secured
during the desired period of non-operation. To walke the energy demand, a
seasonal buoy operating at 42 degrees N with a 4mp lamp with a FL6(0.6)

rhythm operating at night and deployed between dl Apd 31 October will have the

following energy demand:

Determine which period has the highest daily load:

Diapr =23.45sin(0.96591- 80))=4.320degrees

Dsioct=23.45sin(0.975808- 266))=-14.125degrees

-0.0152-sin(42)x sin4.32
cos(42)x cos(4.32)

Haaylight1Apr = 1—25 arccos =12.7h/day

Hdarknesaapr = 24 h/day-127h/day: 1l3h/day

-0.0151-sin(42)x sin(-14.125)

10.4h/day
cos(42)x cos(-14.125)

2
Hdayiightatoct = — arccos
15

Haarkness1oct = 24 h/day- 104h/day= 136h/day

Therefore, the night time load will be the greatesOctober 31.
The average energy demand is:

Biamp = ( Esurget Pss X Tflash) X

Esuge=1.2WSs pered
Pss=13.8W

01/12/2068h=1sec Page 15 of 18
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Eamp=[1.2Ws+ (13.8W) x (1sec)]x %h/day: 34.0Wh/day
se

The maximum daily load is:

Eo. =34.0Wh/day+ 5.8 Wh/day(flasherdissipatia) = 39.8Wh/day

7 CONCLUSION

Once each load is fully characterized, then the stithe loads for each day and each
night must be calculated to determine the dailygndemand, and hence the system
energy balance, battery daily minimum state of ghand seasonal minimum state of
charge.

Using B, you can make a conservative system design witbugle of calculations.
Calculation of 5. for every day of the year using a design prograch@mparing it
to the battery capacity or energy produced frorareewable energy source will allow
you to design a less conservative but cheapermyste

Most manufacturers of renewable energy generatave ldetailed sizing programs
and may provide this service in exchange for threlmse of their product. Otherwise,
a program may be written, borrowed or modified fr@amneighbouring service.
Guidance on sizing the solar generator accordingh® load is given in the

“Guidelines for Renewable Energy Sources for Madms to Navigation " available

from IALA.

The single element most crucial to the successhefdesign of renewable energy
power systems will always be the quality of thealoenergy data that is used as an
input to the design, whatever the design method.

8 ABBREVIATIONS

A Ampere

D Solar declination angle (in degrees)

D1 apr Solar declination angle on 1 April

D31 oct Solar declination angle on 31 October

EpL Daily load

EpL/max Maximum daily load

EbLapr-oct Maximum daily load between April and October
EbLmov-mar Maximum daily load between November and March
Esurge Surge factor

FL Flash character <sfge
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Guideline 1011 — Standard method for defining and calculating the load profile of aids to
navigation
December 1999

h/day Hours per day

Hgarkness Hours of possible darkness

Hdarkness1apr  HoOUrs of possible darkness on 1 April
Haarknesszioct  Hours of possible darkness on 31 October

Hdayiight Hours of possible daylight
lavg Average current

L Latitude (in degrees)
LED Light emitting diode
mA milli-Ampere

n Julian date

N North

S South

\ Voltage

W Watt

Wh/day Watt hours per day
Ws Watt seconds
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Guideline 1011 — Standard method for defining and calculating the load profile of aids to
navigation
December 1999

9 ADDENDUM
Further explanation of thedgylightequation:

The derivation begins with the following basic aswwmical equation which is stated
without proof,

cosqp = cosL cosD cos + sinL sinD (1)
Where;
gn = Incidence angle of the solar rays upon a hatedosurface = zenith
distance = angle between solar rays and vetireal
L = latitude of site
D = solar declination
v = hour angle

(note: _allangles in degrees)
From (1):

vV = arc cos[ (cosgp - sinL sinD)/ (cosL cos D]) (2)

Sunrise is defined as the time at which the uppap bf the sun becomes visible. At
sunrise the center of the sun is 52 minutes obaftow the horizon as follows: the
semi-diameter of the sun subtends an angle of Ifutes of arc and the effect of
atmospheric refraction accounts for an addition@dl inutes of arc. Therefore,
sunrise will occur when, in equation (2§, = 9¢° 52’. Setting g, = 9C¢ 52’ in
equation (2) allows for the calculation\ofnrise

V sunrise = arc cos[ (cos 9052 - sinL sinD)/ (cosL cos D])

=arc cos[ (-0.0151 - sinL sinDJ) (cosL cos D]) 3)

The amount of time between sunrise and local appaneon is obtained by
convertingv to time (15 of arc in longatude corresponds to 1 hour):

Hsunrise-noon: Vsunrise/ 15° @Uhrise-noorjn hOUI’S)

The time from sunrise to sunset is double the tfroen sunrise to local apparent
noon:

Hsunrise-sunset: 2 Vsunrise/ 150 (4)
Combining (3) and (4):

-0.0152-sinLsinD
cosL cosD

2
Hsunrise- sunset= — arccos
15
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