MDEC 2012

Reducing Emissions & Fuel Consumption
Enhancing Equipment Management

Mirenco Exhaust Gas Testing & Throttle Management

Marty Worth
Technology Specialist

L Lk

WHAYNZ MIRENCO
Technaobogy Division

5 Year History- Crude Oil Prices

$97 per barrel \

2008 2008 2010 20m

Diesel Emissions —
Regulation Trends

“Green” is becoming
more important.
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Is Mirenco a Product or Service?

......

Exhaust Gas Analysis (MDEP)
[ ]

* Evaluates engine combustion efficiency [ s ‘ :
* Report recommends possible repairs 1y i 5.‘.,
* Repairs help to reduce fuel & emissions B cacs

L

Throttle Management Controller (C-Max/D-Max)

*Black box between throttle pedal and fuel computer.
*Regulates throttle application on acceleration and WOT
to reduce “over-fueling”.

MDEP Fuel Reduction Strategy

1. Test all significant fuel consuming machines on site.

2. Use DPM data to identify machines wasting fuel.

3. Review Mirenco report to identify potential repairs that can improve fuel
efficiency.

4. Create repair plan for each machine that is wasting fuel.

5. Hours remaining till engine rebuild can affect repair plan.

6. Objective is to balance “Cost of Repairs” & “Fuel Cost Savings”.
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Exhaust Gas Test Applications

* Underground Mining — Quarries, Metal, etc.
* Emissions Sensitive Jobs — Federal Sites

* Surface Mining — Coal, Gold, Quarries

* Heavy Construction Sites

* On Highway Trucks

* Machine Rebuilds

* Engine Rebuild Centers

e Stationary Engines

* Marine

Typical Combustion Related Issues that
contribute to DPM Density:

Bir Restriction «— -
e

o

Valve Lash »

Injector Timing =

= |

Faulty Injectors &

Air/Fuel Ratio

Faulty ECM Flash Files
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You Cannot Manage What You Cannot Measure

Exhaust Gas Testing focuses on improving 3
critical areas.

Equipment
Management

Diesel
Emissions

A Diagnostic Tool ... like Scheduled Oil Sampling!

5 Gas analysis

Carbon

Monoxide Carbons
Carbon
High DPMs= N Dioxide >
Over fueling=
Black Smoke=
High Emissions=
Wasted Fuel
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Exhaust Gas Analysis (MDEP)- Condition Monitoring

Start
Conduct Engine Evaluation
el LU Probiem |
Combustion Results
Recommended
Maintain ) . Repair
Combustion Mirenco / I .
Database
Status Centor
\l
Re-Evaluate Complete
Vehicle ﬁ Repairs
L1 —

Exhaust Gas Test Results
Haul Truck— Emissions look Good!
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Evaluation Type: Stasdaid

Yiar 2007 Frgne I —— 16,000/
Wiekicle byp Hinal Bk Engni mcsiel Ao ye DFR Dengaty (% BT
Vebicle model ijeclombyps: B prarmy e mu:-n-:ﬁ] ! Bagsine o
Pus! bypa No data Calcutated DM produced (T | / \__2%
=i B Aetige DFA Dengily (%) = . 161
Carbon Calcutated heed loss igal] Diesel 515
L. . 18 Cppen Cabulated OPM produced (s | . Fasl
Dioxide is  fus — Particulate
higher than Carbons p—— Matter is
becond B-Gas Transhy oFl
Carbon are below 100 below 20%. |
Monoxide 10ppm a2 Good! [
| | bl -
Good! Good! E o J
) 3 50 \/
] 40
wd | ]F %
" E M
I
_._:L( = 0 '==!1lln‘.=|lu:: In:-[-nw Teal 6] 4,66 | Teal %
— - -y
i ] J(——_ ] e ] |
[ = — = == w53 | saz | ez | 1ma | 158 | 157 q ap
] 0 " W 130 U o
Tiesg o= Srds e a5 | we | e | 153 | 152 | s q 0
Wiy (]

Recommendations:

Mo acieodn recomumsnded of This bme.

S3P2- 5



MDEC 2012

Exhaust Gas Test Results
Haul Truck— Emissions Very Poor!

Evaluation Date: 12M1M7/2009
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Cat 777B in Surface Coal

MIRENCO -

Youw Connot Manage What You Cannot Measure

Use of MDEP Exhaust
Gas Testing to Improve

*Fuel Efficiency
*Engine Life
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Carbon Monoxide is higher B f T U p Diesel Particulate Matter is
than Carbon Dioxide — e Ore une Very High — Black Smoke -
Indicates Poor Combustiou Wasted Fuel.
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BASLINE CALCULATED FUEL LOSS
(gal) 12,451 $3.50 $ 43,579

CURRENT CALCULATED FUEL LOSS

(gal) 5,583 $3.50 $ 19,541
TOTAL SAVED AFTER TUNE-UP PER
YEAR 6,868 $ 24,038
TOTAL SAVED /
MONTH $ 2,003

TUNE-UP W/ INJECTOR REPLACEMENT $ 7,500

TUNE-UP W/ INJECTOR REPLACEMENT PAYBACK  3.74 months

777B Oil Sample Benefits
Note decrease in Iron and Soot
After Tune Up

ENGINE 1-Jun-10 1|3

ENGINE 29-Jun-10 302 Yes 1|2

ENGINE 5-Aug-10 337 Yes 13

ENGINE 28-5ep-10 | 313 Yes 1|3
TUNE -UP

ENGINE 22-Nov-10 | 351 Yes 1

ENGINE 3-Jan-11 328 Yes 2
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Injector Cut-Out Results, Single Stack
Equipment # Evaluation Date: S/7/2012 M’L i ico

e e Sy B s e e

Equipran Referancs & Evaluation Typs: Standard

Year 2011 “Ergne mir & | Shack poston " Bingh
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Manuad 5-Gas Proce-dure

All 6 Injectors #3 Injector Cut #5 Injector Cut

& 00
#2 Injector Cut #4 Injector Cut #6 Injector Cut ¥ 2
l J/ J/ B

[
1
[
- i Abnormal
|
|

Cost Benefit

Cat D11T
Hourly Cost Estimate= $261.19| Recommended

5000 hours/year test interval:
3-6 months

Ground engaging tools: 13,
Undercarriage: 3%

Maintenance: 1%

= Insurance: 1%
Interast costs; —==

Repairs;

Test Price: $375

E]pmf:%t:[ cost €< 5.15-5.30/hl‘.’

Cap#al recovery”
16%
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C-Max and D-Max
Throttle Application Management

C-Max Applications
e Target 400 HP and above.
* High Duty Cycle — Heavily Loaded -
* Underground Mining — Quarries, Metal, etc.
* Emissions Sensitive Jobs — Federal Sites m
» Surface Mining — Coal, Gold, Quarries

» Heavy Construction Sites

* On Highway Trucks
* Machine Rebuilds

* Marine
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C-Max / D-Max®
Device helps to move the “Style of Throttle
Application” from the Machine Operator to the

C-Max & D-Max can turn a “Spirited” operator into a “Conservative”
operator with no loss of power or productivity!

C-Max or D-Max
Method 1.
Control Fuel Injection
during machine
acceleration.
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Fuel Injection vs. Time

\ Fuel injection rate is controlled by the

ECM. Once the operator depresses the
accelerator pedal to the floor, the
throttle position signal is sent to the
engine computer. In this case, the
operator is asking for wide open
throttle.

>
Time

Fuel Injection & Turbo Boost vs. Time
A

N

The turbo takes time to
spool up to match the
fuel injection rate.

Turbo Boost Curve

Fuel Injection Rate

Time
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Fuel Injection & Turbo Boost vs. Time

A

If the turbo is not able to spool up fast
enough to match the fuel delivery rate,
the engine will have too much fuel and
not enough air to burn the fuel. The
result is over fueling of the engine. This
shows up as black smoke or soot exiting
the exhaust pipe.

Turbo Boost Curve

Fuel Injection Rate

Time

Fuel Injection & Turbo Boost vs. Time

A

With a Mirenco C-Max installed, the fuel
delivery rate can be adjusted to better fit
the turbo boost curve . (The operator
could do the same by slowly depressing
the throttle pedal).

The result is far less over fueling of the
engine resulting in less emissions and fuel
consumption.

Turbo Boost Curve

Fuel Injection Rate

Time
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C-Max or D-Max
Method 2.
Control Fuel Injection

at wide open throttle
“Pedal to the Metal”

Diesel Fuel Consumption over the life of an Engine.
A
ECM Max Throttle (set at Engine Factory)

Ability of Engine to Over Fueling
convert fuel to
horsepower degrades
over time due to Fuel Injectors
wear. Replaced....
(this helps combustion
efficiency).
-

Time or Life of Engine
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Diesel Fuel Consumption over the life of an Engine.
A

ECM Max Throttle (set at Engine Factory)

Longer
Engine
Life

Over Fueling is

Over Fueling Reduced!
Reduced by C-Max
Installation. Fuel Injectors
Replaced

Time or Life of Engine

WHAYINZ

Technology Division

MIBENCO

Dmisphosd & Fussl Mansgemant Sputam

Field Test of Throttle Management
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Heavy Hauler — Fuel Tanker & C-Max

Bt NAE * Very Consistent Haul

* Knoxville to London

e Gas & Fuel transportation
o e 2to 3 hauls per day

* Max Throttle Applications
R e} . * Jellico Mountain

* Before C-Max =5.62 mpg

o]
[ ]

After C-Max = 6.04 mpg

Frisyvanc” Vie g  Improvement of 7.4%

C-Max D9R Dozer Study
MIRENCO

“On” “Off”

* Blade Volume per pass - BCY 7.01 7.22

e Tractor Cycles per hour 59.6 57.4

e Production — Yard per hour 421 411

* Fuel Consumption - Gal per hour 17.03 18.44

 Fuel Efficiency - BCY per gallon 24.75 22.28

« Fuel Efficiency Advantage 11% €
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Cat D11R C-Max Study
Eastern KY Land Development Mine
Mirenco Fuel Evaluation
Customer: Mayo CatD11R 7PZ00410
Location: Martin County
[ BasclineData | C-Max Data
Data taken to
establish Data taken
Baseline + Date | Baseline after runing | C-Max Test
Application Life to Date |of C-Max Install| Test Period Cmax Period
C-Max On or Off? On On
Date 2/10/2011 2/25/2011 4/8/2011
Cummulative Hours Total 5,121 5,324 203 5,857 533
Cummulative Gallons Total 136,650 142,050 5,400 155,262 13,212
Cummulative Gallons per Hour 26.68 26.60 24.79
Change in GPH 1.81
% Improvement 6.8%
Hours per Year 6000
Total Fuel savings per year gallons 10,878
Fuel Cost per Gallon S 3.25
Savings per Year $ 35,353

Nevada Cat 793C Before C-Max
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Nevada Cat 793C C-Max
‘ Twin Creeks Mine HTS06
. = = Drop in
3 - DPM
- — " mreme . Drop in Carbon
- o Monoxide due to
- reduced
- i - x4 overfueling
. ) . i
Payback Analysis
Fuel Savings from Improved Throttle Management
Machine D11R 785C 992H
Hourly Fuel Consumption 32 30 31
Hours worked per year 5000 5000 5000
Price of Fuel S 3.20 | S 3.20 | § 3.20
Annual Fuel Cost S 512,000 $ 480,000 S 496,000
Estimated Fuel Savings ‘ 6%‘ 2%‘ 3%‘
S Savings per Year S 30,720 S 9,600 S 14,880
$ Savings per Month S 2,560 S 800 S 1,240
Cost of Service |$ 23258 2325]$ 2325
Payback in Months 0.9 2.9 1.9
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Fleet Testing Example- Surface Coal

Evnluation Summary for

Lo
Togres
-

ad
L L T ——

Evaluation Date: 2472011 - 852011
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10 Machines identified to proceed with Mirenco recommended
repairs & retest machines upon completion of repair

mm Recommended Repair

5036 EX3600 Evaluation results indicate the engine is injecting more fuel than it can burn during engine acceleration. Hydrocarbon numbers are above normal
indicating diesel fuel or engine oil vapor have been measured in the five gas sample. Recommend replacing the turbo boost sensor then conduct a
tune up after performing a fuel injector cut-out test for potential fuel injector atomization problem. Change engine oil and oil filter a bit more
frequent for this engine prior to the next MDEP evaluation.

5003 EH1700 Evaluation results indicate the engine is injecting more fuel than it can burn during engine acceleration. Hydrocarbon is above normal indicating
diesel fuel vapor is measured in the five gas results. Recommend conducting a fuel injector cut out test to measure individual injector
performance.

5005 EH1700 Evaluation results indicate the engine is injecting more fuel than it can burn during engine acceleration. Recommend tuning the fuel injection to

match the engine’s real-time ability to burn fuel during accelerations.

5042 D75KS Evaluation results indicate the engine is injecting more fuel than it can burn during engine acceleration. Carbon Monoxide results are above normal
during engine idle indication a engine oil control problem. Recommend checking for potential early stage turbo oil seal leak to start with then a fuel
injector cut-out test and engine tune-up

5062 773B Evaluation results indicate the engine is injecting more fuel than it can burn during engine acceleration. Carbon Monoxide is above normal
indicating some engine oil vapor was measured in the five gas sample. Recommend adjusting the engine’s air/fuel control to reduce fuel loss
during engine accelerations. Check turbo oil seals for leaks

4015 D11R Evaluation results indicate the engine is injecting more fuel than it can burn during engine acceleration. Recommend installing C-Max to reduce
fuel loss.
5011 D11R Evaluation results indicate the engine is injecting more fuel than it can burn during engine acceleration. Recommend tuning and adjust the fuel

injection to match the engine’s real-time ability to burn fuel during accelerations. Note - C-Max is an option for this engine

5014 D11R Evaluation results indicate the engine is injecting more fuel than it can burn during engine acceleration. Recommend tune and adjusti the fuel
injection to match the engine’s real-time ability to burn fuel during accelerations. Note - C-Max is an option for this engine.

5015 D11R Evaluation results indicate the engine is injecting more fuel than it can burn during engine acceleration. Recommend tune up and adjust the fuel
injection to match the engine’s real-time ability to burn fuel during accelerations. Note - C-Max is an option for this engine.

5019 D9N Evaluation results indicate the engine is injecting more fuel than it can burn during engine acceleration. Recommend replacing or repair engine air-
fuel control then adjust the engine’s air/fuel control to reduce fuel loss during engine accelerations.

2011 Fuel Study Results

Piiod To Tuneup | Afer Tunsup
Jan - Oet Mow -Dae | o
| 0| Model Typa Ave GalMr

1] 5003 | EM1T00 | Maul Truck 141 154 A.T%
5005 | EHIT00 | Hawd Truck 14,1 15.1 -7 5%,
s011 | DR Daozer 3 ETE] 5 6%

4] 5014 | Di1R Diarer 5.7 35.0 20%
045 | D11RCD Dazar 356 28 8.1%
5019 | OGN Diozer 10.6 10.3 9%
5036 | EX3a00 Showl 68.3 55.0 19.4%
5042 | DFeK [ Fi¥] 1K) 52%
5062 773 |WWater Tnack B.1 5.0 2%

20] 2015 | D1R- Diazer 36 4 EFF] 11.6%

Summary

Fuel Savings 9.2%

Annual Gallons saved 139,536
Fuel Price| § 3.50

Annual Savings| § 488,376
Testing| § (12,000)

Tuneups| § (20.000)

Net Savings| § 456,376
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Thank You

MIRENCO

Emissionts & Fusl Mansgemsn Syatem

WHAYNZ

Technology Division

Enhanced
Equipment
Management

Lower Fuel
Consumption
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