
C6 Advantage
Patrick Clark, PhD

785-341-0215

patrick@c6advantage.com

Feed Mill Operational Challenges

mailto:patrick@c6advantage.com




Management –
Underworked and Over Paid



• OWNERSHIP/BOARD OF DIRECTORS
• FDA
• OSHA
• EPA
• DOT
• HUMAN RESOURCES
• PURCHASING
• TRUCKING
• NUTRITIONISTS
• VETERINARIANS
• CUSTOMERS
• MAKING FEED



• Quality Control
• Receiving
• Grinding
• Batching/Mixing  (Premix/Medicated Articles)
• Pelleting
• Packaging
• Delivery

• FSMA



Compressed Air Leaks
Recognized and Underappreciated

• Waste as much as 20%-30% of the 
compressor’s output. 

• Fluctuating system pressure, which can 
cause air tools and other air-operated 
equipment to function less efficiently, 
possibly affecting production

• Excess compressor capacity, resulting in 
higher than necessary costs

• Decreased service life and increased 
maintenance of supply equipment 
(including the compressor package) due to 
unnecessary cycling and increased run time.

www.energy.gov



Compressed Air Leaks – Action
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Compressed Air Leaks

www.energy.gov

Leakage ratesa(cfm) for different supply pressures and approximately equivalent orifice sizesb

Pressure Orifice Diameter (inches)
(psig) 1/64 1/32 1/16 1/8 1/4 3/8
70 0.29 1.16 4.66 18.62 74.4 167.8
80 0.32 1.26 5.24 20.76 83.1 187.2
90 0.36 1.46 5.72 23.10 92 206.6
100 0.40 1.55 6.31 25.22 100.9 227
125 0.48 1.94 7.66 30.65 122.2 275.5        
a For well-rounded orifices, values should be multiplied by 0.97 and by 0.61 for sharp ones.

Leakage rates identified in cubic feet per minute (cfm) are proportional to the square of the orifice diameter. 
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Compressed Air Leaks - Example
100 leaks 1/32” at 90 psig

50 leaks of 1/16” at 90 psig

10 leaks of 1/4” at 100 psig. 

7,000 annual operating hours
Electric rate of $0.05 kilowatt-hour (kWh)
Compressed air generation requirement ~ 18 kilowatts (kW)/100 cfm. 

Cost savings = # of leaks x leakage rate (cfm) x kW/cfm x # of hours x $/kWh

Cost savings from 1/32” leaks = 100 x 1.46 x 0.61 x 0.18 x 7,000 x 0.05 = $5,611 
Cost savings from 1/16” leaks = 50 x 5.72 x 0.61 x 0.18 x 7,000 x 0.05 = $10,991 
Cost savings from 1/4” leaks = 10 x 100.9 x 0.61 x 0.18 x 7,000 x 0.05 = $38,776 
Total cost savings from eliminating these leaks = $57,069 

Note that the savings from the elimination of just 10 leaks of 1/4” account for almost 70% of the overall savings. As 
leaks are identified, it is important to prioritize them and fix the largest ones first.

www.energy.gov



Compressed Air – Self Analysis

Identification and tagging, tracking, repair, verifying, and employee involvement. Set a reasonable target for cost-
effective leak reduction:
**5%-10% of total system flow is typical for industrial facilities.

Compressed air is one of the most expensive sources of energy in a plant. The over-all efficiency of a typical 
compressed air system can be as low as 10%-15%. For example, to operate a 1 hp air motor at 100 psig, approximately 
7-8 hp of electrical power is supplied to the air compressor. 

Cost ($) = (bhp) x (0.746) x (# of operating hours) x ($/kWh) x (% time) x (% full-load bhp) 
Motor Efficiency

bhp—Motor full-load horsepower (frequently higher than the motor nameplate horsepower—check equipment specification)
0.746—conversion between hp and kW
% time—percentage of time running at this operating level
% full-load bhp—bhp as percentage of full-load bhp at this operating level
Motor efficiency—motor efficiency at this operating level

www.energy.gov



Compressed Air – Self Analysis Example
200-hp compressor (which requires 215 bhp) 

6800 operating hours annually. 

Fully loaded 85% time (motor efficiency = 0.95) 

Unloaded 15% time (25% full-load bhp and motor efficiency = 0.90)

Electric rate is $0.05/kWh.

Cost when fully loaded = 

(215 bhp) x (0.746) x (6800 hrs) x ($0.05/kWh) x (0.85) x (1.0) =

0.95 

=$48,792

Cost when unloaded = 

(215 bhp) x (0.746) x (6800 hrs) x ($0.05/kWh) x (0.15) x (0.25) =

0.90 

=$2,272

Annual energy cost = $48,792 + $2,272 = $51,064

www.energy.gov



Annual Savings for Premium versus Old Standard Efficiency Motors 

Motor Efficiency Annual Savings from Using a 
at 75% Load Premium Efficiency Motor 

Old Standard Premium 
Horsepower Efficiency Efficiency Annual Energy Dollar Savings 

Motor Motor Savings, kWh $/year       
10 86.7 92.2 3,105 250 
25 89.9 93.8 5,160 410 
50 91.6 95.0 8,630 690 
100 92.2 95.3 15,680 1,255 
200 93.3 96.2 29,350 2,350 

Note: Based on purchase of a 1,800 RPM TEFC motor in operation 8,000 hours per year (hrs/year) at 75% load at an electrical rate of $0.08/kilowatt-hour (kWh). 

www.energy.gov







1. Monthly cost per kW/hr. from power bill monthly kW/hr. usage = cost per kW. 

2. Number of power meters ____________ . 

3. If more than 1 meter, cost savings to eliminate additional meters savings. 

4. Complete power factor tested under normal load conditions__________________. 

5. Calculated power factor savings if less than 90 percent _________ savings 

6. Peak demand less average demand in kW. 

Peak__________ - Average _______ = Demand Opportunity ________________ 

7. Demand cost/Kw from supplier. 

Demand Opportunity ______ x Cost/Kw ________ = Potential Savings__________ 

8. Air compressor leak test. Record pressure at compressor with no air users operating. 

15 min_____ 30 min_____ 45 min_____ 60 min_____ 

9. If more than a 10 lb drop in 1 hour, identify all air leaks. Number __________ 

10. Does air compressor draw air from outside? Yes ___________ No__________ 

11. Record watts of lights used, but not necessary. 

Watts per hr./day_______ / 1000 = kW/hr.________ 

12. List equipment systems and number of HP hours running day, but not being used. 

HP. Running System Not Used Hr./Day



Steam Generation

1. Percentage of steam lines insulated ____________ %. 

2. Percentage of condensate lines insulated _________ 

%. 

3. Does Condensate return to the feedwater tank? 

Yes __________ No ______ 

4. Complete an inspection of steam traps and note any 

that are leaking. 

Traps leaking_____ / total traps = ______percent leaking 

5. List liquid tanks and heating source. 

Is Tank Insulated? Product Stored? 

Heating Method? 

Temperature Control Range 

Product Temperature 

6. Natural gas/propane meter reading with all gas uses off. 

Reading Time 

________ 30 min 

________ 60 min 

7. Are the boiler insulation and shell in good condition? 

Yes_______No_______ 

8. Identify any steam openings into sewer or into the 

atmosphere. 

Number of openings ________ 

9. Number of space heaters in service and not required. 

_______________ 

10. Test boiler efficiency. ______(Should be above 82 percent). 

11. Measure average thickness of scale on boiler tubes 

(1/32 in = 7% fuel waste. 1/16 in. = 13% fuel waste). 

12. Natural gas cost/1000 cu ft on propane cost/gal 

NG__________ Propane_______



Compressed Air System Evaluation 

Date: ___________________ Completed by:_______________________ 

1. Evaluate all equipment using air and determine the highest air pressure required in plant. Set compressor air to 

that pressure. 

2. Shut down entire plant so that every area is quiet. 

3. Run air compressor so the lines are at maximum pressure. 

4. Shut off compressor. 

5. Walk through plant and mark all leaks with caution tape or anything to make it visible. 

6. Write general location of leaks below. 

7. Record time that it takes until pressure has decreased to 40psi. 

Example: 

If maximum required pressure is 100psi and it takes 20 minutes until pressure is 40psi. 

100psi - 40psi = 60psi lost in 20 minutes. 

60psi/20min = 5psi/min 

Recording Time and Pressure Drop 

End time_____________- Start time_______________=Total time 

Bagging pressure________________psi - 40psi. = __________psi pressure drop 

Pressure drop_____________psi/__________min (total time) =__________min 

Repeat after leaks are fixed and record improvement. 

1. ______________________________________________________ 

2. ______________________________________________________ 

3. ______________________________________________________ 

4. ______________________________________________________ 

5. ______________________________________________________ 

6. ______________________________________________________ 



Mixing – The Heart of Every
Feedmill



Batch Cycles

Operation Time (sec)

Scaling 60

Scale Discharge 30

Dry Mix 60

Wet Mix 100

Mixer Discharge 10

Surge Discharge 100

TOTAL TIME 360 sec





Mixer Volume Audit

0.512 g/cc 0.561 g/cc



Mixing Cycle Audit



Factors Affecting Pellet Quality

Grinding
0.5%

Formulation
23% Feed Rate

0.5%

Conditioning
33%

Die
43%

Fahrenholz, 2012

Drying / 
Cooling

5%

Conditioning
20%

Grinding
20%

Formulation
40%

Die
15%

Behnke, 1994



Factors that Affect Pelleting

• Moisture
• Ingredient Composition
• Ingredient Quality
• Ingredient Source
• Die specifications
• Die Condition

• OPERATOR 

The machine doesn’t change……… 



Pellet Mill Journal

Machine No.

Date Time Operator Throughput % Load (Amp)
Conditioning 

Temp
Product

Hot pellet 
Temp

Die Comments



CPM – California Pellet Mill 



Pellet Mill Journal – Why Have One?

• Communication
• Between Management and Operators

• Documentation 
• Nutritionists and Live Production

• Equipment Manufacturers
• Problems can be prevented or resolved

• Quality Control
• Consistency 

• Formula Complexity/Seasonality
• New/Old Crop
• Excellent purchase opportunity

The machine doesn’t change……… 











30 HP  (25kW)

10 TPH

1 HP 

???? TPH



800 HP  (600kW)

100 TPH+


