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End of Module 5: DC / AC Loads
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Fishing vessel fuel efficiency project
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Energy Audit Project:

3 Step Approach
N

1) Develop a baseline profile for energy loads
Propulsion
Hydraulic
Refrigeration
Electric
2) Identify high energy consumers

3) Identify practical fuel saving measures

: ”
management.
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Fuel Efficiency Basics

23%

Exhaust lost to
atmosphere

2/3 of energy in fuel
is lost to heat

1 5% Usaful work [hydraulics,
2 AC & DC edesctricity)

Total useful work (THP) - v =
=

15% \\// \

Slip, cavitation 3% 1% 33% 10%

losses Transmission Radiation Heat loss to Lube oil heat
losses losses cooling water losses

Usetul work (propelier
thrust, OC power,
hydraulic power)




Engine Efficiency:

Engine Efficiency Depends on Load

N
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Fractional Engine Load

==Cummins NH 220 Cat C4 Detroit 6-71
4 cycle non-turbo Electronically Controlled 2 cycle non turbo



Fishing Vessel Energy Analysis Tool

ype

Length
uel Cost /gallon /gallon
hore power cost $/kWh $0.12(S/kWh
ropulsion Engine #1 Size

ropulsion Engine #1 Type 4 cycle non-turbo v

U

o pal
-+

Horsepower

If you know the kW for your engine, use the
calculator below to convert the kW number
into HP.

KW to HP Conversion
KW T

N
w

4 cycle turbo A 4

Name (e.g.. Ice troll, Propulsion Engine #1 Propulsion Engine #2 Aux Engine #1 Aux Engine #2

Operating Mode gillnet, family outing) Hrs Transit Hrs Fishing Hrs Fishing Hrs Fishing Hrs Fishing
Longline 12
Ice Troll
Freeze Troll _ 160]

HP
i )

H

Propulsion Engine #2 Size
Auxiliary Engine #1 size
Auxiliary Engine #1 Type

Aux Generator Engine #2 Size
Aux Generator Engine #2 Type

!! 8|8|8

Total hrs

Calculated | fficiency
Fstimate Hydraulic System Condition Goad bt

Estimate Alternator Performance Standerd



Baseline Profile
Fuel Consumption by System

N

Tender Freeze Troller
Transit Propulsion
Fishing propulsion
DC Load
. AC Load
Seiner Longliner Hydraulic Load

Refrigeration



Propulsion Loads
-

Transit speed
Right size the engine
Vessel configuration

Hull and propeller : 3K
maintenance . ~ BamoL RS N T




Propulsion Loads:

Measured Loads

39’ LOA
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Speed (knots)
*Values based on audit measurements
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Propulsion Loads:

Transit Speed

N

47’ Troller
Main Engine Fuel Cost vs. Total Cost

Slower isn’t Las
always cheaper

SN e

5t two knots
doubles fuel
consumption




Propulsion Loads:

Vessel Configuration--Tanked

N

45,000 Ibs hold capacity
35 gallons per 100 nm at 8 kt

3
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Speed (kn)

Untanked  —Tanked



Propulsion Loads:

Vessel Configuration--Towing

N

43 gallon per 100 nm at 8 kn

i

1.6
—1.4
€ 1.2

Fuel (gal/nm
\

0.6 —

0.2

3 5 7 9 11
Speed (kn)

—Empty hold, no tow load Tanked down, towing seine skiff



Propulsion Loads:

Vessel Configuration--Stabilizers

N

39 Troller, Stabilizer and Fuel Penalty

0.9
—0.8 Fuel Cost:
50.7 1,000 NM/yr @
806 6kts
505
E . With: $1,600
2 Without: $1,000
8"’ Difference:S600
< 0.2
= 0.1

0.0

o) 5 10

Speed (kts)



Underlying hull roughness increases with age

Performance Curve for a containership (before and after hull cleaning)

F Source:
Propulsion

Dynamics Inc.

Commercial
Ship

v
é‘
3
y
g
:

Days for development of added resistance (since built)
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Hydraulic Loads:

Heat
Wear/filtering
Idle loss




Hydraulic Loads:

Measured Hydravulic Loads
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Hydraulic Loads:

Heat

N

Hydraulic Energy Losses are in the form of heat

Heat is created when hydraulic fluid goes from
nigh pressure to a lower pressure

Leaking from high side to low side in pumps and
motors

Fluid flow through hoses



Hydraulic Loads
I OO O

Shaft Power to Hydraulic Inverter Generator
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= i | | ‘ ‘ to hydraulic
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Hydraulic Loads:

Efficiency vs Viscosity of Hydraulic Oil

Valurmetie Fffisency 1

Cptimain Opevding Romnge
e

Maintain Proper Oil Viscosity



Hydraulic Loads:

Kinenatic Viscosity, nn2fs

100000
50000

20000
10000
5000

2886

1000

288
783

120 140
Tenperature, °C

Vickers Viscosity Range = 13 to 54 mm2/s (cSt)

Always check for proper range for your equipment



Hydraulic Loads:
Wear/Filtering

N

Contaminants in hydraulic oils increase wear in pumps, motors, and controls
Worn pumps increase fuel consumption

Fine filter oil with external filter pump or filter cart (two Filters)
3 micron Absolute fine filter

10 micron water absorbing filter

Filter New Oil Through Fine Filter When Adding

Consider Pre-Season Fine Filtering of Hydraulic Qil

Contaminant in hydraulic systems is now
recognized as the most frequent cause of
malfunction or failure of hydraulic equipment

Vickers: General Product Support Guide



Hydraulic Loads:

Idle Loss
2.50
2.00
=1.50
—
Q
S
& 1.00
Fuel Waste:
S Heat from
' Hydraulic
l[dle Losses

0.00



Hydraulic Loads

VFD Electrically Driven Hydraulic Pump

POWER (KW)
O L NN W B~ U

J
.

POWER (KW)
OO L N W B U

TRADITIONAL HYDRAULIC STEERING GEAR

.
o

VFD CONTROLLED STEERING GEAR
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Refrigeration Loads

Discharge Pressure

Variable Frequency
Drives

Power source— ‘_
Electric vs. hydraulic ) il




Refrigeration Loads:

Measured Refrigeration Loads

RSW System Loads

10
25
3
20 e
= =
§ 15 =
5 s
s 10 0
o
5 2
0 0]

B Compressor
@ Condenser

Circ Pump

Blast Freeze System Loads

B Compressor
m Condenser Pump

“ Evap Fan



Refrigeration Loads:
RSW Compressor Discharge Pressure

N

Power and Compressor Discharge Pressure

35
180 PS|

S SRS
2 160 PS|
< 25
$
3 140 PSI:
* 20

15 I I I I I I I ]

10:22 10:24 10:27 10:30 10:33 10:36 10:39 10:42 10:45



Refrigeration Loads:
Discharge Pressure And Efficiency

N

11 —
9§ // / —154 PS|
//

) /
"

=180 PSI

7=
> //l 210 PS|
|

| | | 244 PS|

-40 -35 -30 -25 =-20 -15 -10 -5 0]
Saturated Suction Temp (F)

Compressor efficiency increases as discharge
pressure decreases



Refrigeration Loads:

Discharge Pressure And Capacity

N

120000 V
100000_ /ﬁy/
< . .
=) /) i Refrigeration
800005 /7 TSRSl
£ / :/ : —-150ps  caPacty
60000 . %'_ 10ps  INCreases as
= /,%. | aaps  lift decreases
|
40000 = —
20000 ‘ ‘

-40 -35-30-25-20-15-10 -5 O
Saturated Suction Temp (F)



Refrigeration Loads:
Variable Frequency Drives (VFDs)

VFD Controllers Motor Variable Frequency Drives (VFD)
adjust AC motor Steering Gear, Fans, Pumps, Winches

RPM’s to meet
torque demand




Refrigeration Loads:
VFD

Eliminates short cycling

Matches compressor capacity >
(RPM) with load )

Corrects Power Factor
Reduces start-up current demands




Amps

Refrigeration Loads:

VFD Use on Refrigeration Compressor

N

Compressor Start Up Current
Without VFD

140

120

100

o0
o

140
120
100

Compressor Start Up Current
With VFD




Refrigeration Loads:

Amps: VFD Compressor Comparison

N

Blast Freezer Compressor without VFD
40 |
iy m
= 20 ‘ ' .
0

12/31 1/5 1/10 1/15 1/20 1/25 1/30

Blast Freeze Compressor with VFD

7/4 7/9 7/14 7/19 7/24



Refrigeration Loads:

Power: VFD Compressor Comparison

N

Non VFD Compressor Power
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Refrigeration Loads

Compressor Efficiency & Maintenance

Cumlative Energy - 24 hour
160.00
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Refrigeration Loads:

Power Source

N

Hydraulic Powered Compressor : Pump Load

More than 2X HP >3
required for hydraulic 0
drives =
v "
‘:’ I .‘//
Evaluate trade-off g 2> /,———
. O [
between 1 engineand = .
20 .
2
Base requirement for 15
2" engine
Improved efficiency of 10
right sized engine 150 160 170 180 190 200 210
VFD provide Ca pacity Lift (PSI) : Dischare Pressure - Suction Pressure
Control Sim”ar‘ to * Power Based on Torque

hyd raulic drives Power Based on Fuel Flow



Refrigeration Loads:

Summary

N

Keep Discharge Pressure at Minimum
Keep Condenser Clean
Provide Sufficient Cooling Water Flow
Keep Suction Pressure as high as possible
Maintain Proper Refrigerant Level

Maintain Compressor

3.12 Variable Frequency Drives
Variable Frequency Drives (VFD'’s) may be used with

Carlyle 06D/E refrigeration duty compressors and pro-
vide optimum capacity control while maximizing the
compressor efficiency. Some of Carlyle’s 06D air condi-

Carlyle 06D/D Application Guide
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DC Electric Loads
S

180
160
140

Alternator

120 . .

100 sizing

0 Belts

60 :

40 Premium
20 efficiency
0]

Seine Longline Troll Gillnet
Fishery

Fuel Consumption (gallons/year)




DC Electric Loads:

DC Equipment Power

N

160

120

Load (watts)
(0,0]
=)

I
(@)




DC Electric Loads:

Belts

Efficiency
Varies by:

Cogged Belt Wrapped Belt

> Belt Type
» Tension
»Pulley Size

3-Ply Laminated Centeral Neutral Axis

»Slippage
decrease
efficiency ~5%

V¥-Ribhed Belt Synchronous Belt

Energy Loss and Efficiency of Power Transmission Belts, Third World Energy Engineering Congress, The Association of

Energy Engineers



DC Electric Loads:

Premium Efficiency

DC System
Alternator Efficiency:
45% to 85%




DC Electric Loads:

Alternator Sizing
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4000 6000
Alternator Speed, RPM

White Paper: Improving Alternator Efficiency Measurably Reduces Fuel Cost:
Mike Bradfield, MSME, Remy Inc
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AC Electric Loads:

Measured Loads

N
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AC Electric Loads:

Right Size Gen-Sets

N

1.00

0.90 h i 3 A -
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0.80

0.70 _
0.60 ‘ \\,“cj

0.50

Energy Cost (S/kWh)

0.40
0.30

0.20
0 10 20 30 40 50 60 70 80 90 100

Generator Load (kW)

105 kW and 55 kW Gensets



AC Electric Loads:

Right Size Gen-Sets

N

3 3000 $3,780 $3,690

8 1750 $5,460 $4,900
20 125 $850 $750
30 125 $1,163 $1,050

Total $11,253 $10,390




[VIew —fuaverom 1| 8 0
[ SET_—lien_Jiooa]_Ji289

FAEN WAVEFORM ||| s 55 e e 213132727
—- £8.83Hz

1.8 v




AC Electric Loads:

Premium Efficiency Motors

N

Purchase price: $321 10 yr Motor Life Cycle cost

Install cost: $100

Operating cost/yr.: $735

Energy
B Purchase
Install
Motor life: 10 years
Total operating cost:

% operating costs:
% purchase and install: 5%



AC Electric Loads:

Premium Efficiency Motors

68% Standard Efficiency Motor - 1 HP Circulating
Pump

Input Power: 1.47 HP
Cost for 1000 hrs/yr operation @ S0.5/HP: $735
Purchase Price :5321

82.5% Premium Efficiency Motor - 1 HP Circulating IE Class 3
Pump
Input Power: 1.21 HP Cost difference: $125

Cost for 1000 hrs/yr operation @ S0.5/HP: $S605 Annual savings: 5130/year

. Motor life: 10 years
Purchase Price: $446 Payback: 1 yr
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Funding for Implementation

@Alaska Longline O REAP

FISHERMEN'S ASSOCIATION A k pb’ E ergy



Module 3: Hydraulics
N

Fishing vessel fuel efficiency project
Propulsion i VARE S
Hydraulics ; '~
Refrigeration [r
DC Loads

AC Loads




