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The location

ON-SITE PRACTICAL TEST:
REDUCTION IN EMISSIONS AND
INCREASE IN FUEL EFFICIENCY
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OVERVIEW
MINING INDUSTRY IN CENTRAL AND SOUTH AMERICA
Overview of challenges
Al tude
-

-

-

-

In general, most of the mines in Honduras and South America are
situated at high al tude of between 900 and 4,900+ meters above
sea level which result in lower oxygen levels.
At elevated al tudes, lower atmospheric pressure means the air
molecules are less ghtly packed together and therefore have
lower density.
The decrease in air density leads to a decrease in horsepower the
equipment/engine is able to produce.
Mul ple independent on-site tests indicated a loss of 3% of the
rated power for every 1,000 meters/305 feet of al tude gained.
A normally aspirated diesel engine might have 10% less power
available at 800m/2,600 and 20% less power at 1,600m/5,200
compared to opera on at sea level.
These insuﬃcient oxygen levels cause a severe strain on equipment
and engines resul ng in:
- a loss of power and performance;
- a decrease in eﬃciency leads to an in increase in diesel
consump on;
- a further increase in opera onal expenses;
- engines and equipment not running at full capacity;
- incomplete combus on; and
- an increase in toxic greenhouse gas emissions and black smoke.

The location
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OVERVIEW
Air pollu on
-

-

-

The mine employees affected by emissions

An increase in emissions and smoke, especially NO and NOx, lead
to a polluted environment.
It not only has a nega ve impact on the health of mine employees but
also on the well-being of the people in the surrounding communi es.
It impacts produc vity nega vely and increases healthcare cost and
medical expenses.
Mine owners and management are obliged to ﬁnd ways to improve
air quality, reduce the mine's carbon footprint and the impact
emissions have on the environment.
Those mines who do not meet the prescribed reduc on in toxic
emissions standards are ﬁned by Governments which impact
viability and sustainability nega vely.
Several local and surrounding communi es have also ﬁled lawsuits
against the mines for failing to comply.

Health and well-being
-

-

Mine management are also faced with mul ple employee health
challenges as an increase in toxic emissions leads to a very
unhealthy environment. A year-on-year increase in call in sick days
are experienced.
The nega ve impact on produc vity coupled with an increase in
healthcare cost speak for itself.

Opera onal costs
-

-

Because of a lower quality in minerals the deeper the mine gets, and
to maintain produc on levels, work cycles and distances to be
traveled increase.
The pressure is on management to reduce opera onal expenses,
iden fy and introduce eﬃcient ini a ves to reduce costs, increase

EL MOCHITO MINE

4

OVERVIEW
-

eﬃciency and performance.
All of the above are impac ng the bo om line of the mines in
general.

Customer
The El Mochito Mine in Honduras, an underground zinc and silver mine
owned by Ascendant Resources, Toronto, Canada.
Loca on
El Mochito mine is located near the municipality of Las Vegas in the
northwest sec on of Honduras, 88km (55miles) south west of San
Pedro Sula, a city in the Sula Valley of northern Honduras. The eleva on
of the mine is 3,045 feet (928 meters) above sea level.
OBJECTIVE OF THE TEST
Mine management agreed to par cipate in an on-site prac cal test at
the end of 2018. The objec ve of the test was to measure the
diﬀerence in:
Fuel eﬃciency in equipment used above ground when the diesel in
use is treated with OCTCET35.
The reduc on in emissions in equipment used above and below
ground when the diesel in use is treated with OCTCET35.
Tests were performed in collabora on with the mine management by
OCTCET, Inc.'s oﬃcial agent in Honduras, IISEHN.
THE PRODUCT
OCTCET35 Diesel Fuel Oxygenator, Performance Enhancer and Addi ve.

El Mochito mine
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OVERVIEW
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EQUIPMENT
THE EQUIPMENT/VEHICLES USED
Above ground
Type:
Capacity:
Usage:
Engine/Model:

Manufactured by:
Power:
Aspira on:
Exhaust system:
Emission standard:

Below ground
Type:
Capacity:
Usage:
Engine/Model:
Manufactured by:
Power:
cylinders in line
Aspira on:
Exhaust system:
Emission standard:

Two DUX 90 heavy duty haulage loaders
(DUX 5 and DUX 6).
33 metric ton, 36.4 short ton payload
A 4-wheel drive dump truck used for hauling
on level and steep grades
Cummins QSM 11/DT-33N with Electronic
Management System.
With Electronic Management System
Highest power to weight ra o in its class
DUX Machinery Corpora on, Quebec, Canada
Derated - 298 kW (400 HP) @ 2,100 RPM
with 6 Cylinders in line
Turbocharged, a er-cooled
Cataly c puriﬁer with integrated silencer
Meets EPA Tier 3, Euro Stage IIIA
Electronically controlled engine improves fuel
eﬃciency

Mine employees
overseeing the test

The test team

Three Sandvik heavy duty haulage loaders
(No 37, 39 & 57).
20 metric ton/20,000 kg
Ramp or level produc on haulage
Mercedes Benz Diesel OM 926 LA/TH320
Sandviken, Sweden
240 KW (322 HP) @ 2,200 RPM with 6
Liquid cooled
Cataly c puriﬁer with silencer
Tier 3
The equipment used in the practical on-site test
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PRACTICAL TEST
DURATION OF TEST OF PERIOD
Above ground:

Emissions test
Baseline (with untreated diesel):
December 27, 2018
With OCTCET35 (treated diesel):
December 28, 2018
Fuel eﬃciency test
Baseline (with untreated diesel):
July – December 2018
With OCTCET35 (treated diesel):
January 2019

Below ground:

-

-

-

Emissions test
Baseline (with untreated diesel):
February 12 -13, 2019
With OCTCET35 (treated diesel):
February 13 – 14, 2019

The baseline for fuel eﬃciency was established by using the diesel
gallons dispensed and the hours logged for a period of six months.
These numbers (historical data) was provided by mine
management.
The eﬀect OCTCET35 (treated diesel) had on fuel eﬃciency was
tracked and measured over one month.
The baseline for emissions was established over a period of one
and a half day.
The eﬀect OCTCET35 (treated diesel) had on the reduc on in
emissions was tracked and measured over a period of one and a
half day.
Readings were taken before OCTCT35 (treated diesel) was
introduced and the therea er.

The test team in action
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INSTRUMENT
Tes ng instrument used

The test team

Emissions readings were taken with a Portable Combus on and
Emissions Analyzer Model E4500.
This instrument is a hand-held industrial combus on gas and emissions
analyzer designed for emissions monitoring and tes ng.
Several gas sensors:
O2, CO, NO, NO2, SO2, CxHy
Accuracy:
Low NOx capable with 0.1ppm resolu on and
high accuracy
Gas sensors:
Pre-calibrated and ﬁeld replaceable
Features:
Full color graphic display screen
User customized display screen and
print-out content
Automa c data saving
Eﬃciency, excess air, and CO2 calcula ons
Built-in printer (non-fading paper)
Stack gas and air temperature measurements
Dra and diﬀeren al pressure measurements
Internal memory (up to 2,000 tests)
with data tags
PC So ware package with USB and
Bluetooth communica ons.
Testing instrument
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EMISSIONS
RESULTS/OUTCOMES (ABOVE GROUND): Reduc on in emissions

EQUIPMENT WITHOUT OCTCET35
DUX 6
NO (ppm)
SO2 (ppm)
NOx (ppm)

AVERAGE
189.5
8.5
199

AVERAGE
176.5
14
185.5

WITH OCTCET35
COMBINED AVERAGE AVERAGE AVERAGE
183
0.4
10.4
11.25
0
0.6
192.25
0.4
11

COMBINED AVERAGE DIFFERENCE
5.4
-97.05%
0.3
-97.33%
5.7
-97.04%

EQUIPMENT WITHOUT OCTCET35
WITH OCTCET35
DUX 5
AVERAGE AVERAGE COMBINED AVERAGE AVERAGE AVERAGE COMBINED AVERAGE DIFFERENCE
Smoke
286.7
611.6
449.2
300.3
466.2
383.25
-14.68%

The test team in action
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FUEL EFFICIENCY
RESULTS/OUTCOMES (ABOVE GROUND): Increase in fuel eﬃciency
EQUIPMENT (ABOVE GROUND)
DUX 5 (Caterpillar)

MONTH
START DATE July
August
Spetember
November
END DATE
December
WITHOUT OCTCET35 (BASELINE)
TOTALS

OCTCET35 TREATED DIESEL

START DATE END DATE
17/01/19 01/02/19

EQUIPMENT (ABOVE GROUND)
DUX 6 (Caterpillar)

MONTH
START DATE July
August
September
October
November
END DATE
December
WITHOUT OCTCET35 (BASELINE)
TOTALS

OCTCET35 TREATED DIESEL

START DATE END DATE
17/01/19 01/02/19

GALLONS
HOURS START HOURS FINISH HOURS LOGGED GALLONS PER HOUR REDUCTIONS
1,964.40
63,350
63,721
371
5.2949
1,911.50
63,729
64,102
373
5.1247
214.10
64,115
64,150
35
6.1171
839.20
64,150
64,233
83
10.1108
64,556
323
5.9740
1,929.60
64,233
1185
5.7880
6,858.80

64,613

917.50 64,788

175

5.2429

-9.42%

GALLONS
HOURS START HOURS FINISH HOURS LOGGED GALLONS PER HOUR REDUCTIONS
4,896
359
5.9092
2,121.40
4,537
5,247
337
5.4724
1,844.20
4,910
5,731
484
6.5692
3,179.50
5,247
6,241
510
5.3643
2,735.80
5,731
6,617
376
5.8117
2,185.20
6,241
6,982
358
4.3606
1,561.10
6,624
2424
5.6218
13,627.20

758.10

161

12

149.00

5.0879

-9.50%

Equipment managers
and operators
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EMISSIONS
RESULTS/OUTCOMES (BELOW GROUND): Reduc on in emissions

OUTCOMES
EQUIPMENT

SANDVIK 37
CO2 (%)
NO (ppm)
NOx (ppm)
NO ref (ppm)
NOx ref (ppm)
EQUIPMENT
SANDVIK 39
CO2 (%)
NO (ppm)
SO2 (ppm)
NOx (ppm)
NO ref (ppm)
SO2 ref (ppm)
NOx ref (ppm)
EQUIPMENT
SANDVIK 57
CO (ppm)
CO2 (%)
T smoke (F)
NO (ppm)
NOx (ppm)
CO ref (ppm)
NO ref (ppm)
SO2 ref (ppm)
NOx ref (ppm)

WITHOUT OCTCET35
WITH OCTCET35
AVERAGE AVERAGE COMBINED AVERAGE AVERAGE AVERAGE COMBINED AVERAGE DIFFERENCE
3.24
5.76
4.50
3.30
4.80
4.05
-10%
151.40
110.80
131.10
144.00
107.00
125.50
-5.60%
131.50
-4.50%
159.00
116.40
137.70
151.00
112.00
734.80
366.20
550.50
684.00
349.00
516.50
-24.69%
771.60
384.60
578.10
717.00
366.00
541.50
-6.33%
WITHOUT OCTCET35
WITH OCTCET35
AVERAGE AVERAGE COMBINED AVERAGE AVERAGE AVERAGE COMBINED AVERAGE DIFFERENCE
2.59
-16.18%
2.14
4.04
3.09
2.1
3.07
124.25
-1.60%
107.8
144.8
126.30
99
149.5
5.38
-30.13%
7
8.4
7.70
4.5
6.25
130.25
-1.77%
113
152.2
132.60
103.75
156.75
668.13
-2.55%
805.2
566
685.60
745.5
590.75
29.5
-30.43%
51.8
33
42.40
33.75
25.25
700.5
-2.59%
843.8
594.4
719.10
781.5
619.5
WITHOUT OCTCET35
WITH OCTCET35
DIFFERENCE
AVERAGE
AVERAGE
-7.20%
158.20
146.80
-0.80%
5.58
5.50
652.54
611.74
-6.25%
113.80
103.00
-9.49%
119.40
108.00
-9.55%
446.40
419.20
-6.09%
321.00
294.20
-8.35%
26.40
22.20
-15.91%
352.80
308.40
-12.59%
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BENEFITS AND OUTCOMES
ADDITIONAL BENEFITS
Op mal combus on
Diesel fuel treated with the OCTCET35 increased the combus on
ranges, provided more power and reduced heat in the engine
components. Due to its high volume of ac ve oxygen content a
reduc on in several harmful emissions and black smoke were
measured. The reduc on in black smoke was visible. In both the above
and below ground emissions tests, a reduc on in Nitric Oxide (NO),
Nitrogen Oxide (NOx), Sulfur Dioxide (SO2), Carbon Dioxide (CO2) and
smoke was recorded. This implies that a more complete combus on
took place which resulted in an improvement in eﬃciency as indicated
by the reduc on in diesel fuel consump on meaning an increase in fuel
eﬃciency.

combustion

thermal
eﬃciency

OCTCET35 treated Diesel delivers oxygen at the moment of
combus on to enrich the oxygen environment in the combus on
chamber. It widened the limits of combus bility and le substan ally
less unburned fuel to escape through the exhaust tailpipe. More
complete combus on means the treated fuel, due to its high oxygen
content, also reduced the igni on delay me during the combus on
process.
Thermal eﬃciency
OCTCET35 posi vely aﬀected the dynamics of spray atomiza on,
droplet evapora on and fuel-air mixing in the combus on chamber
which resulted in a substan al improvement in thermal eﬃciency and a
cleaner burn. A reduc on in heat, because of the reduc on in
NO/NOX, means a reduc on in fric on and wear took place which will
extend the oil life.

A member of the on-site test team in action

In both the above and below ground tests the drive cycles are similar to
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OUTCOMES
a stop-and-go/stop-start environment and the improvement and
increase in all-round eﬃciency, especially in the Sandvik Mercedes Benz
Tier 3 engine below ground, where oxygen levels are lower, is very
encouraging.
Cetane number
When the Diesel fuel was treated with OCTCET35, the Cetane number
increased. Because it facilitated more complete and quicker
combus on and reduced heat, carbon build-up in the engine will be
limited and eventually reduced. OCTCET35's ability to ‘clean’, due to
the chemical composi on, is patented and will result in the cleaning
and removal of any residue and build-up in internal and external
deposits on fuel injectors and nozzles. OCTCET35 treated Diesel cleans
dirty injectors and prevent injector s cking in both High-Pressure
Common Rail (HPCR) and older systems. This ensures an ongoing
cleaner burn and op mal eﬃciency and a reduc on in black smoke.

cetane

SO 2

A member of the on-site test team in action

GENERAL REMARKS AND COMMENTS
Reduc on in SO2 (Sulfur Dioxide)
Sulfur dioxide emissions are very toxic and harmful causing serious
respiratory problems. It irritates the skin and mucous membranes of
the eyes, nose, throat, and lungs. High concentra ons of SO2 can cause
inﬂamma on and irrita on of the respiratory system, especially during
heavy physical ac vity. The resul ng symptoms can include pain when
taking a deep breath, coughing, throat irrita on, and breathing
diﬃcul es. It will also aﬀect lung func on, worsen asthma a acks, and
worsen exis ng heart disease in sensi ve groups. This gas can also
react with other chemicals in the air and change to a small par cle that
can get into the lungs and cause similar health eﬀects. A reduc on in
this toxic gas means the environment is healthier and its nega ve
impact on health of humans, the employees, is reduced.
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OUTCOMES
Reduc on in NOx (Nitrogen Oxide)
Nitrogen Oxide is a generic term for the nitrogen oxides that are most
relevant for air pollu on, namely nitric oxide (NO) and nitrogen
dioxide (No2). These gases contribute to the forma on of smog and
acid rain as well as aﬀec ng tropospheric ozone. Nitrogen dioxide is an
irritant gas, which at high concentra ons causes inﬂamma on of the
airways. When nitrogen is released during Diesel fuel combus on it
combines with oxygen atoms to create nitric oxide (NO). This further
combines with oxygen to create nitrogen dioxide (NO2). Nitrogen
dioxide and nitric oxide are referred to together as oxides of nitrogen
(NOx). NOx gases react to form smog and acid rain as well as being
central to the forma on of ﬁne par cles (PM) and ground level ozone,
both of which are associated with adverse health eﬀects. A reduc on
in NOx means the air is 'healthier' and the nega ve impact on human
health is reduced. It will also reduce the nega ve impact on the
immediate ecosystem. A reduc on in NOx is another indica on of
improved or more complete combus on. This will also impact fuel
eﬃciency posi vely and improve all round performance.

NOx

smoke

fuel
eﬃciency

Reduc on in smoke
Smoke is an indica on of an imbalance in the air to fuel ra o - too
much fuel to not enough air. This means either too much Diesel fuel is
being added to the mix or there's not enough oxygen being supplied to
burn the Diesel fuel. Smoke is full of par culates that are basically large
diesel par cles that normally would be burned as fuel. When an engine
or equipment is emi ng black smoke is not ge ng the op mal fuel
usage it should be ge ng. Other and most common causes of black
smoke are also faulty or clogged injectors, a faulty injector pump, a
dirty or clogged air ﬁlter (causing not enough oxygen to be supplied). A
reduc on in smoke implies the oxygen supply in the combus on
chamber has improved, quicker and more complete combus on takes

Reviewing and verifying readings
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OUTCOMES
place, smoke/emissions are reduced, and fuel economy will increase.
There is a direct correla on between the reduc on in smoke/emissions
and the reduc on in Diesel fuel consump on. Improved combus on
will also lead to a reduc on in soot levels in the oil and it thus will
impact the oil life and integrity signiﬁcantly.
SYNOPSIS
-

-

The one-site test team, which consisted of two technicians,
overseen by mine management, ensured that all readings were
accurate and correct.
The reduc on in toxic emissions and smoke conﬁrmed that the
equipment ran more eﬃciently with OCTCET35 treated diesel.
The increase in fuel eﬃciency will result in long-term savings in
running and opera onal expenses.
Mine employees observed:
- Reduc on in black smoke.
- Increase in fuel eﬃciency (as vehicles ran longer hours with the
same volume of diesel fuel).
- Improvement in power and performance.

The location

The beneﬁts measured and observed in the short-term will further
posi vely impact opera onal expenses, oil quality, and engine
reliability. It will contribute to a cleaner environment and healthier
working condi ons that will beneﬁt not just all mine employees but
also communi es surrounding and in the nearby vicinity of the mine.
Addi onal prac cal tests and usage of OCTCET35 treated diesel by bulk
diesel users in various industries and environments, similar to the El
Mochito mine, experienced mul ple beneﬁts the longer the diesel was
treated with OCTCET35. Con nuos usage of the product brings about
sustainable beneﬁts.
Mine employees

END
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