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TODAY’S AGENDA 

• Electricity 101 

• Circuits & circuit diagrams 

• How electricity flows into and around a boat (batteries, wires, distribution panels, etc.) 

• Sources of AC & DC power on a boat 

• Boat electrical survey 

• Additional sources of electricity including generator, solar, wind, & water power  

• Galvanic corrosion/Stray current corrosion 

• Recommended tools/Resources 

• ABYC 

 



ELECTRICITY 101 

•Electricity is a form of energy that can be carried by 

wires and is used for heating, lighting, and to provide 

power for machines. 



ELECTRICITY 101 

•Amp - The unit of electricity used to measure electrical 

current (The number of electrons that pass a given point on 

a wire over a given period of time).  Represented by the 

symbol (I). 

 

 

 



ELECTRICITY 101 

•Volt – The unit of electricity used to measure potential in 

electrical force.  (The number of amps that could flow over 

that wire).  Represented by the symbol (V).   

 



ELECTRICITY 101 

•Ohm – The unit of electricity used to measure resistance.  

(The effects of size, length, type/condition of conductor & 

equipment on electricity flow).  Represented by the symbol 

(R). 

 

 



ELECTRICITY 101 

•Ohm’s Law: Amps (I) = Volts (V)/Resistance (R) 

 

 
V 

I R 

I = V / R 

 
R = V / I 

 
V = I x R 



ELECTRICITY 101 

What is the resistance in this  
circuit? 
 
Resistance (R) = Volts (V) / Amps (I) 

 
Resistance = 12 Volts / 4.0 Amps 

 
Resistance = 3.0 Ohms – (Ω) 

 

4.0 Amps 



ELECTRICITY 101 

•Watt - The unit used to measure the useful work done by 

electricity.  Represented by the symbol (P) 

 

 
Water pressure = Volts 

 

Water flow = Amps 

 

Pipe size = Resistance 

 

Energy created = Watts 



ELECTRICITY 101 

•Watts (P), Volts (V), Amps (I) 

 

 P 

V I 

P = V x I 

 
V = P / I 

 
I = P / V 



ELECTRICITY 101 

•What is amp draw of this pump? 

•Amps (I) = Watts (P)/Volts (V)  

•Amps = 70 Watts/12 Volts 

•Amps = 5.83* 

 

*Amp draw per hour  



ELECTRICITY 101 

•Direct current (DC)(12 volts) - Electric current flows  

   in one constant direction.  (Navigation lights, electronics, 

etc.)  

 

• Alternating current (AC) (120 volts 60 Hz) - Electric current  

   periodically cycles and inverts its direction.   

   (Microwave, TV, hair dryer, etc.) 
 

*Europe = 220-240 volts 50 Hz 



ELECTRICITY 101 
 

 
•Polarity – Direction of current flow in an electrical 
circuit 
 
 
 

•12 volt components work properly when  
   connected to positive side of circuit 
 

 

•AC appliances may work properly  
  but Reverse Polarity = DANGER 
 
   
 
 
 
   

Polarity – Flow of electricity 

normally must go from negative to 

positive, and +wires must be 

connected to positive side of circuit 



CIRCUITS 

•Basic AC/DC circuit 

 
 

Fuse 

Power 

Source 



CIRCUITS 

•More common AC/DC circuit on boat 

 
 

Fuse 



CIRCUITS 

•Series/Parallel/Series plus Parallel Circuits 

 
 

series + parallel 



CIRCUITS 

•Series/Parallel/Series plus Parallel Circuits – Pros & Cons 

 

 
 

series + parallel 



CIRCUITS 

•Open/Closed Circuit 

 
 



CIRCUITS 

•Open Circuit 

 
 



CIRCUITS 

•Short Circuit 

 
 



CIRCUITS 

•Basic electrical circuit                                                      

diagrams 

 
 



CIRCUITS 

•Electrical                                                                   

circuit                                                                                    

diagram                                                                     

symbols 

 
 



CIRCUITS 

Basic AC/DC circuit diagram 

 

 



CIRCUITS 

DC circuit diagrams 

 

 

Parallel Series 



CIRCUITS 

Parallel 

AC circuit diagrams 

 

 
Series 



CIRCUITS 

Series + Parallel 



BATTERIES  

Flooded Lead  

      Acid  
Gel 

    AGM 

(Absorbent 

Glass Mat) 
Lithium Iron 

Phosphate 

(LFP or LiFePO4) 



BATTERIES  

•Flooded Lead                                                               

Acid, Gel & AGM 



BATTERIES  

•Lithium-Ion  

 

 

Lithium salt + 

organic solvent 



BATTERIES  

•Sizes and weights 



BATTERIES 

•Starting vs. Deep Cycle 

 

 

Depth of Discharge Depth of Discharge 



BATTERIES 

•Starting Battery Terminology 
 

• Cold Cranking Amps - # of amps a battery can deliver for 30 

seconds at 0º F, while maintaining voltage of 7.2 volts.  (400, 500, 

650 CCA etc.) 

 

•Marine Cranking Amps - # of amps a battery can deliver for 30 

seconds at 32º F, while maintaining voltage of 7.2 volts (Usually 

higher because batteries work better when it is warmer) 
 



BATTERIES 

•Deep Cycle Battery Terminology 
 

• Amp – hours (Ah)  - Total amount of energy a battery can deliver 

for 20 hours at a constant rate of discharge before voltage drops 

to 10.5 volts. (100 amp-hour battery can run a 5A load for 20 

hours)* (60Ah, 80Ah, 100Ah etc.) 

 

• Reserve Minutes- The number of minutes a battery can run a 25A 

load until dropping to 10.5 volts.   (Battery with a 180 reserve 

rating, will run a 25A load for three hours.   
 

 



BATTERIES  

• Deep Cycle -Number of Amp-Hours (Ah) 

*Max 50% 

Discharge 



BATTERIES  

•6 volt vs. 12 volt 



BATTERIES  

•12 volt bank 
100 Ah 

100 Ah 

100 Ah 

100 Ah 

12 volt 400 Ah 

Connections in parallel 



BATTERIES  

•6 volt bank 

6 volt @ 225 Ah x 2 = 12 Volt @ 225 Ah 

      6 volt batteries in series 



BATTERIES  

•6 volt bank 

12 volt @ 225 Ah x 2 =12 volt @ 450 Ah 

      6 volt batteries in series/parallel 



BATTERIES 

•Relative Benefits/Downsides* 

• Tolerates overcharging 

• Requires maintenance 

• High self-discharge rate 

• Hates vibration 

• Heavy 

• $ Flooded Lead Acid 



BATTERIES 

•Relative Benefits/Downsides* 

• Sensitive to overcharging 

• Maintenance free, spill & leak proof 

• Low self-discharge rate 

• Handles extreme temps 

• Long life span 

• Heavy 

• $$ Gel 



BATTERIES 

•Relative Benefits/Downsides* 

• Sensitive to overcharging 

• Maintenance free, spill & leak proof 

• Low self-discharge rate 

• Handles extreme temps 

• Long life-span 

• Heavy 

• $$         AGM                          
(Absorbent Glass Mat) 



BATTERIES 

•Relative Benefits/Downsides* 
• Sensitive to overcharging 

• Maintenance free & spill and leak-proof 

• Low self-discharge rate 

• Higher discharge capacity - *80% vs. 50% 

• Longer life-span 

• Lighter than others 

• Can overheat & cause fires 

• $$$ Lithium Ion                 
(LFP or LiFePO4) 

 



BATTERIES 

•Do’s and Don’ts  

• Don’t mix types – AGM with Flooded Lead Acid, etc. 

• Don’t mix old and new 

• Keep batteries clean and dry – remove corrosion – use dialectic 

grease on connections 

• Check cables and terminal connections frequently to insure they 

haven’t come loose 

 



BATTERIES 

• Add distilled water as needed for flooded lead acid batteries 

• Use smart charge controller (multi-stage charging (Bulk, Absorption 

& Float) and use controller to disulfate battery cells - (Do not 

overcharge) 

•Orient batteries per manufacturer’s recommendation 

• Use proper wiring 

• Install appropriate fuses/circuit breakers 

 

 



WIRE 

• Color 

& 

Type 

*Tinned & stranded                                                  

 



WIRE 

• Size – AWG - (American Wire Gauge) 

More Amps/Distance 

Wire in engine room                                                  
 



WIRE 

 • Size 

*Length of wire 

= distance to and 

from load 

 

 

*Critical Circuits 

 

Bilge pumps 

Bilge blowers 

Electronics 

Navigation lights 

*Non-Critical Circuits 

 Everything else 

 



WIRE 

•Size &                                                                                                  

Type                                                                                                          

Calculator                                                                                                                                

http://circuitwizard.bluesea.com/# 



FUSES 

Uses 

*Protect wire                                

and appliance 



FUSES 

Types 



FUSES 

Sizes & 

Types 

*Size of 

smallest wire 

in circuit and 

amps is 

important 



FUSE HOLDERS 

• Types  



CONNECTORS  

•Sizes & Types 

*Tinned 



BATTERY SELECTOR SWITCHES 

•On, Off vs. 1, 2, 1+2, Off 



BATTERY SELECTOR SWITCH(ES) 

• Determines route of electricity to and from 

battery 

F 

U 

S 

E 



BATTERY SELECTOR SWITCHES 

NO 
YES 



DISTRIBUTION PANEL(S) 



DISTRIBUTION PANELS 

“Good”
  



DISTRIBUTION PANELS 

“Bad”  



CIRCUIT BREAKERS 

• Types  



BUS BARS AND TERMINAL BLOCKS 



SOURCES OF AC ELECTRICITY ON BOAT (DOCKSIDE) 

This Photo by Unknown 
Author is licensed 
under CC BY-NC 

https://www.pngall.com/blender-png/download/62708
https://creativecommons.org/licenses/by-nc/3.0/
https://creativecommons.org/licenses/by-nc/3.0/
https://creativecommons.org/licenses/by-nc/3.0/


SOURCES OF AC POWER ON BOAT (DOCKSIDE) 



SOURCES OF AC ELECTRICITY ON BOAT (DOCKSIDE) 
   

•Care of power cables - What to look for: 

• Burning/blackening/melted cable plug/connector 

• Corrosion on blades on the connector/plug 

• Exposed wires 

 



SOURCES OF AC ELECTRICITY ON BOAT (DOCKSIDE)  

Smart Plug 



SOURCES OF AC ELECTRICITY ON BOAT (AT ANCHOR) 

This Photo by Unknown 
Author is licensed 
under CC BY-NC 

*Energy 

 conversion 

 penalty 

https://www.pngall.com/blender-png/download/62708
https://creativecommons.org/licenses/by-nc/3.0/
https://creativecommons.org/licenses/by-nc/3.0/
https://creativecommons.org/licenses/by-nc/3.0/


SOURCES OF AC ELECTRICITY ON BOAT (AT ANCHOR) 

*Cost/ 

output/ 

noise/smell 

& fuel 



SOURCES OF AC ELECTRICITY ON BOAT (AT ANCHOR) 

How many amps can these 

generators produce? 
 

(I) Amps = (P) Watts/(V) Volts 

I = 1800Watts/Voltage at 120 AC 

I = 15 Amps per hour 

 

(I) Amps = (P) Watts/ (V) Volts 

I = (5kw) = 5,000 Watts/Voltage at 120 

AC 

I = 41 Amps per hour 

 

 



SOURCES OF AC ELECTRICITY ON BOAT (AT ANCHOR) 

This Photo by Unknown 
Author is licensed 
under CC BY-NC 

https://www.pngall.com/blender-png/download/62708
https://creativecommons.org/licenses/by-nc/3.0/
https://creativecommons.org/licenses/by-nc/3.0/
https://creativecommons.org/licenses/by-nc/3.0/


SOURCES OF DC ELECTRICITY ON BOAT (AT ANCHOR) 
 

This Photo by Unknown 
Author is licensed 
under CC BY-NC 

House 

Start 

https://www.pngall.com/blender-png/download/62708
https://creativecommons.org/licenses/by-nc/3.0/
https://creativecommons.org/licenses/by-nc/3.0/
https://creativecommons.org/licenses/by-nc/3.0/


SOURCES OF DC ELECTRICITY ON BOAT (AT ANCHOR) 
 

Start 

House 

*Output/noise/smell/fuel/wear and tear 



*Don’t ignore inputs from engine,  

 generator, solar, wind, etc. 

Boat electrical 

survey 

 

DO I NEED MORE  
ELECTRICITY,  
IF SO HOW MUCH? 
 



 
 

•What is amp draw of these  

  lights? 

 

• Amps (I) = Watts (P)/Volts (V)  

• Amps = 15 Watts + 15Watts +15Watts/ 

  12 Volts 

 

• (I) = 3.75 Amps per hour 

 

15 

Watts 

15 

Watts 

15 

Watts 

DO I NEED MORE  

ELECTRICITY, 

IF SO HOW MUCH 



DO I NEED MORE  
ELECTRICITY,  
IF SO HOW MUCH? 



ADDITIONAL SOURCES OF DC ELECTRICITY 

2 - 4 

Amps 

per hour 

.2 - .5  

Amps per  

hour 

 

*Cost/savings 
     



ADDITIONAL SOURCES OF DC ELECTRICITY 

60 amp 
100 -150 amp 

*Cost/output/ 

    engine 

compatibility 

*Alternator ≥ 25% - 40% of battery bank.  



ADDITIONAL SOURCES OF DC ELECTRICITY 

200 Ah 200 Ah 

  * Don’t Mix 

     & Match 

 

 

   * Lithium Ion 

      50% vs. 

      80%       

      discharge 

*Cost/output/ 

     room 



ADDITIONAL SOURCES OF DC ELECTRICITY 

•Monocrystalline: High efficiency 

and durability. 
 

•Polycrystalline: Balanced between 

cost and efficiency. 
 

•Thin-film: Most flexible and 

lightweight, but less efficient. 

*Cost/output/ 

  location/ 

  exposure 



ADDITIONAL SOURCES OF DC ELECTRICITY 

How many amps can this solar panel 

produce? 
 

Amps (I) = Watts (P) / Volts (V) 

 

(I) = 200Watts/Voltage (at 
Pmax 18.6v) 

 

(I) = 10.75 Amps per hour* 

              *Not all the time 

 



ADDITIONAL SOURCES OF DC ELECTRICITY 

      10.75 Amps      10.75 Amps      10.75 Amps                        

 

 = 32.25 Amps x 4-5hrs/day = 128 Amps – 162 Amps per day 

Panels in 

Parallel 



ADDITIONAL SOURCES OF DC ELECTRICITY 

Start 

*MPPT vs. PWM 

House 



ADDITIONAL SOURCES OF DC ELECTRICITY 

*Cost/output/                   

min-max 

windspeed/ 

noise/location/ 

danger 



ADDITIONAL SOURCES OF DC ELECTRICITY 

Start 

House 



ADDITIONAL SOURCES OF DC ON BOAT 

*Cost/output/      

support/drag/fish 

strikes? 



ADDITIONAL SOURCES OF DC POWER ON BOAT 
 

House 



GALVANIC CORROSION   



GALVANIC CORROSION   

 



GALVANIC CORROSION   



GALVANIC CORROSION 



GALVANIC CORROSION 



GALVANIC CORROSION 



GALVANIC CORROSION 



STRAY CURRENT CORROSION 

 



STRAY CURRENT CORROSION 



STRAY CURRENT CORROSION 



STRAY CURRENT CORROSION 

G 



RECOMMENDED TOOLS 



RECOMMENDED BOOKS  



ABYC – AMERICAN BOAT & YACHT COUNCIL 

• Sets voluntary standards for design, construction, maintenance 

and repair of recreational boats 

•Mix of industry, surveyors and independent volunteers 

•Concerned primarily with safety of systems 

Standards for electrical circuits on boats 

is established by the American Boat and 

Yacht Council, (ABYC) Standards and 

Technical Reports for Small Craft 
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