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Southern Waste Systems

SWS and Sun Recycling are a leading waste removal and recycling company in South
Florida. SWS is environmentally conscious, with “Keeping it Green” as a company motto.
Additionally important, SWS and Sun Recycling are prime candidates for energy reduction
applications due to the facts the fleets are well maintained and records are meticulously
recorded with accuracy.

Morbark 7600 Wood Hoqg

The Morbark grinder uses a 1050 HP Cummins QST-30 diesel engine. SWS uses the
Morbark 7600 to grind and recycle wood bark, underbrush, stumps, roots and
miscellaneous discarded wood building materials for root mulch and wood fuel to various
consumers. Load on the engine varies daily due to materials and moisture conditions.

Program Goals

SWS has agreed to a trial program offered by SmartPower Technologies offering significant
fuel and emissions reductions with an acceptable return on investment. The initial fuel
consumption reduction goals were set at 8% minimum, and 25% in emissions.

SmartPower Fuel Performance Package

SmartPower has installed (2) - Wildcat 9000 Hydrogen Boosters and (2) - WildCatalysts to
their Cummins QST engine on the Morbark 7600. We used separate units to ensure equal
hydrogen application to both sides of the turbos. We also installed a WildCatalyst in each
fuel line before the fuel rail on each side of the engine.

Fuel Consumption M&V Procedures

A baseline Gallons Per Hour (GPH) consumption for the previous 184 run hours on the
Morbark 7600 was established by adding the total gallons of fuel consumed divided by the
total run hours. The 5 consecutive tests @ 1.45 amps (on each Wildcat 9000 unit equaling
2.9 amps total) ran for a total of 48 run hours using 902.4 gallons of diesel fuel resulting in
an average consumption of 18.8 GPH, proving a reduction in consumption from the
baseline of 27.2 GPH. The fuel consumption and hour usages are meticulously logged daily
through SWS. The latest tests results proved an 8.4 GPH reduction in consumption, or
30.88%. The next test @ 1.4 amps each (2.8 amps total) showed similar savings, but ran
under more difficult load conditions. Heavy load days grinding wet materials would typically
see daily GPH consumption usages in the 33 GPH range or higher. The testing conditions
in August are the most difficult testing times due to high moisture and high volume. ALL
FUEL DATA IS LOGGED AND VERIFIED BY SWS MANAGEMENT. We collect the fuel
data via SWS computer software.




Fuel Consumption Conclusions

We exceeded all expectations in fuel consumption reductions and reducing harmful
emissions. To date the best amp settings are @ 1.45 amps per unit, totaling 2.9 amps. We
feel the results will prove out consistent savings of 25-30% or more. The current testing is
in the more difficult consumption times of the year and we should also see GPH
improvements during the dryer times of the year. Typically we find the consumption
numbers improve with consistent use due to the cleaning up of the combustion chambers in
the engines from burning hydrogen. The savings achieved with SmartPower Technologies
Total Fuel Performance Package will be well over $50,000.00 per year, with an ROI under
2 months. These numbers do not reflect the savings that may be realized by extending the
oil life significantly (over 40 gallons of oil per oil change). A cleaner burn will result in less
carbon, thus a much cleaner engine oil condition.

Emission Testing Equipment

THE LATEST IN EMISSIONS MONITORING SYSTEMS COMPACT - RUGGED - POWERFUL

Emissions Testing for: Engine Applications, Heat Treatment

The Enerac 700 Micro-Emission
Monitoring System is our newest,
emission monitoring system, utilizing
advance SEM electrochemical
sensors and a 3-channel NDIR (Non-
Dispersive InfraRed) bench. It is
designed to help you meet the
challenges of a rapidly changing
regulatory environment.

As a combustion or emission analyzer, it is unmatched in versatility.



http://www.enerac.com/information/technology/69-sem-sensors

The Enerac 700 is capable of measuring:

Carbon Monoxide

By SEM (e'chemical) Sensor
Carbon Monoxide

By Infrared (NDIR) Technology
Carbon Dioxide

By Infrared (NDIR) Technology
Hydrocarbons

By Infrared (NDIR) Technology
Nitric Oxide

By SEM (e'chemical) Sensor
Nitrogen Dioxide

By SEM (e'chemical) Sensor
Sulfur Dioxide

By SEM (e'chemical) Sensor
Stack Temperature

By Thermocouple

Stack Draft

By Pressure Sensor

Oxygen

By Electrochemical Sensor

0-2000 PPM’

0.00-15.00 %

0.00-20.00 %

0-20,000 PPM

0-2000 PPM’

0-1000 PPM’

0-2000 PPM’

0-2000 F

+10.0 to -40.0 "WC

0.0-25.0 %

"Extended-Range (4x) measurement with built-in dilution system

Additionally, the Enerac 700 computes the Combustion Efficiency (0-100%), and the Excess Air of
Combustion (0-1000%). It will also automatically compute emissions measurements in 1) milligrams per
cubic-meter, 2) grams per brake-horsepower-hour, 3) pounds per million-BTUs, or to any oxygen-reference.

Whether you need to perform simple combustion tests or precise emissions measurements, the Enerac 700
will guide you. On-screen help will assist you in performing tests, storing & retrieving data, even zeroing and
calibrating the analyzer.

As always, you need to purchase only the features that you will require. And if your requirements change,
ENERAC can upgrade your analyzer, sometimes in the field, with new sensors and options.

Advanced SEM™ electrochemical
sensor technology meets the EPA's
CTM-022 reference method, and
40CFR75 for mass emission
measurements.



http://www.enerac.com/information/regulatory/ctm-022

Emission Testing Procedures

Phase I
Measure exhaust emissions of both exhaust stacks prior to installing 2 SmartPower Wildcat
9000 Hydrogen Booster Systems and 2 WildCatalyst Pre—Combustion fuel catalysts.

\
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Phase Il
Install the Wildcat Hydrogen System and Wildcatalyst. Accumulate normal operation
conditions for approx. 100+ hours.

Phase Ill:
Re-measure exhaust emissions with exactly the same test procedures as used in Phase I.

Project Objective:

The specific objective of this three-phase testing project was to quantify reductions in
exhaust emissions in normal operation that can be attributed to retrofit operation with
Wildcat and Wildcatalyst.

Dilute exhaust emissions of hydrocarbons (THC), carbon monoxide (CO), oxides of
nitrogen (NOXx), carbon dioxide (C02)) nitrogen dioxide (NO;) and nitric oxide (N.O) were
captured by using an Enerac Model 700 emission sampling system. All testing was done
using the diesel fuel in the tank stationed next to the Morbark piece of equipment. No fuel
sampling or analysis was conducted for any of the tests.

Triplicate tests for each testing condition were conducted on each smoke stack to provide
averages that allow comparison of data confidence at the 95% probability level.




Idlet e st St esuks “ A"

07/06/2011 Carbon Monoxide  Carbon Dioxide Hydrocarbons  Nitric Oxide  Nitrogen Dioxide  Oxides of Nitrogen

Pre install 372.50 2.47 37.67 232.37 48.35 233.60
08/23/2011 259.43 1.87 48.71 122.03 32.66 154.69
Install

Results -30.35% - 24.29% +22.66% -47.48% -32.45% -33.78%
Il dl e Test Stack “B” resul ts

07/06/2011 Carbon Monoxide  Carbon Dioxide Hydrocarbons  Nitric Oxide  Nitrogen Dioxide  Oxides of Nitrogen

Pre install 264.43 1.60 19.43 118.39 36.21 193.39

08/23/2011 199.00 1.39 41.13 65.59 27.68 93.26

Install

Results -24.74% -13.12% +52.75% -44.60% -23.55% 51.77%
Load test stack “A” resul ts

07/06/2011 Carbon Monoxide  Carbon Dioxide Hydrocarbons  Nitric Oxide  Nitrogen Dioxide  Oxides of Nitrogen

Pre install 497.87 3.96 45.87 191.31 61.87 258.16
08/23/2011 457.50 3.13 48.83 168.62 53.70 222.32
Install

Results -8.10% -20.95% +6.06% -11.86% -13.20% -13.88%
Load Test Stack “B” resul ts

07/06/2011 Carbon Monoxide  Carbon Dioxide Hydrocarbons  Nitric Oxide  Nitrogen Dioxide  Oxides of Nitrogen

Pre install 494.61 4.27 54.00 195.41 68.09 278.61
08/23/2011 429.29 3.71 54.57 171.93 51.21 225.23
Install

Results -13.20% -13.11% +1.04% -12.01% -24.79% -19.15%

Emission Testing Conclusions:

A significant reduction was found in 5 out of 6 gases measured, proving a 50% reduction
average. Hydrocarbons levels increased in all tests measurements from 1.04% - 52.75%.
Both the Wildcat and the Wildcatalyst have a clean out period whereas the systems are
burning the settled carbon buildup inside the engine. Hydrocarbons will increase until this
carbon is burned completely. Hydrocarbons do rise when tested immediately after or
shortly after installation. Those increases are due to particulate carbon that has
accumulated in the engine. If the same test is repeated in 3-4 months, you will see a drastic
reduction in those emissions as the engine is now cleaner. As you know when you burn
hydrogen you produce water vapor, that water vapor acts like a steam cleaner and
removes carbon from valves and exhaust.




S “ Aldle Stack® Bldle Stack * Aload Stack” B load Average Total

Reductions**

Cco -30.35% -24.74% -8.10% -13.20% -19.09% -47.09
CO» -24.29% -13.12% -20.95% -13.11% -17.86% -45.86
Hydrocarbons +22.66% +52.75% +6.06% +1.04% +20.62% -9.38
N2O -47.48% -44.60% -11.86% -12.01% -28.98% -56.98
NO» -32.45% -23.55% -13.20% -24.79% -23.49% -51.49
NOx -33.78% -51.77% -13.88% -19.15% -29.64% -57.64

** Overall the combination of the Wildcat and Wildcatalyst systems reduced the fuel consumption by a minimum average
of 30% in latest results. This equates to a reduction of 100% in all emissions for the 30% of the total fuel saved.

08/26/2011

DEFINITIONS OF MEASURED GASES

Carbon monoxide (CO), also called carbonous oxide, is a colorless, odorless, and tasteless gas which is slightly lighter
than air. It is highly toxic to humans and animals in higher quantities, although it is also produced in normal animal
metabolism in low quantities, and is thought to have some normal biological functions.

Carbon monoxide is produced from the partial oxidation of carbon-containing compounds; it forms when there is not
enough oxygen to produce carbon dioxide (COy), such as when operating a stove or an internal combustion enqme inan
enclosed space. In the presence of oxygen, carbon monoxide burns with a blue flame, producing carbon dioxide.™ Coal
gas, which was widely used before the 1960s for domestic lighting, cooking and heating, had carbon monoxide as a
significant constltuent Some processes in modern technology, such as iron smelting, still produce carbon monoxide as a
byproduct

Carbon dioxide (chemical formula COy) is a naturally occurring chemical compound composed of two oxygen atoms
covalently bonded to a single carbon atom. It is a gas at standard temperature and pressure and exists in Earth's
atmosphere in this state, as a trace gas at a concentration of 0.039% by volume.

As part of the carbon cycle known as photosynthesis, plants, algae, and cvanobacterla absorb carbon dioxide, light, and
water to produce carbohydrate energy for themselves and oxygen as a waste product.™! But in darkness photosynthesis
cannot occur, and during the resultant respiration small amounts of carbon dioxide are produced. Carbon dioxide also is
a by-product of combustion; emitted from volcanoes, hot springs, and geysers; and freed from carbonate rocks by
dissolution.

As of October 2010, carbon dioxide in the Earth's atmosphere is at a concentration of 388 ppm by volume.®! Atmospheric
concentrations of carbon dioxide fluctuate slightly with the change of the seasons, driven primarily by seasonal plant
growth in the Northern Hemisphere. Concentrations of carbon dioxide fall during the northern spring and summer as
plants consume the gas, and rise during the northern autumn and winter as plants go dormant, die and decay. Taking all
this into account, the concentration of CO, grew by about 2 ppm in 2009.” carbon dioxide is a greenhouse gas as it
transmits visible light but absorbs strongly in the infrared and near-infrared, before slowly re-emitting the infrared at the
same or longer wavelengths as what was absorbed.

Before the advent of human-caused release of carbon dioxide to the atmosphere, concentrations tended to increase with
mcreasmg global temperatures, acting as a positive feedback for changes induced by other processes such as orbital

cycles. Bl There is a seasonal cycle in CO» concentration associated primarily with the Northern Hemisphere growing
season.

Hydrocarbons: In organic chemistry, a hydrocarbon is an organic compound consisting entirely of hydrogen and
carbon.™ Hydrocarbons from which one hydrogen atom has been removed are functional groups, called hydrocarbyls. 2
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Aromatic hydrocarbons (arenes), alkanes, alkenes, cycloalkanes and alkyne-based compounds are different types of
hydrocarbons.

The majority of hydrocarbons found naturally occur in crude oil, where decomposed organic matter provides an
abundance of carbon and hydrogen which, when bonded, can catenate to form seemingly limitless chains

Nitric oxide (common name) or nitrogen monoxide (systematic name) is a chemical compound with chemical formula
NO. This diatomic molecule is a free radical 2 This gas is an important intermediate in the chemical industry. Nitric oxide
is an air pollutant produced by combustion of substances in air, like in automobile engines and fossil fuel power plants.

In mammals including humans, NO is an important cellular signaling molecule involved in many physiological and
pathological processes.[31 Low levels of NO production are important in protecting an organ such as the liver from
ischemic damage. Chronic expression of NO is associated with various carcinomas and inflammatory conditions including
juvenile diabetes, multiple sclerosis, arthritis and ulcerative colitis, [dtation needed]

Nitric oxide should not be confused with nitrous oxide (N2O), an anesthetic and greenhouse gas, or with nitrogen dioxide
(NO,), a brown toxic gas and a major air pollutant.

Nitrogen dioxide is the chemical compound with the formula NO». One of several nitrogen oxides, NO; is an intermediate
in the industrial synthesis of nitric acid, millions of tons of which are produced each year. This reddish-brown toxic gas has
a characteristic sharp, biting odor and is a prominent air pollutant. Nitrogen dioxide is a paramagnetic bent molecule with
Coy point group symmetry.

NO)(
Main article: NOx

NOy (often written NOXx) refers to NO and NO». They are produced during combustion, especially at high temperature.
These two chemicals are important trace species in Earth's atmosphere. In the troposphere, during daylight, NO reacts
with partly oxidized organic species (or the peroxy radical) to form NO2, which is then photolyzed by sunlight to reform
NO:

NO + CH30, — NO, + CH30
NO; + sunlight - NO + O

The oxygen atom formed in the second reaction then goes on to form ozone; this series of reactions is the main
source of tropospheric ozone. CH3O; is just one example of many partly oxidized organic molecules that can
react with NO to form NO..

These reactions are rather fast so NO and NO; cycle, but the sum of their concentration ([NO] + [NO3]) tends to remain
fairly constant. Because of this cycling, it is convenient to think of the two chemicals as a group; hence the term NOy
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