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I Executive Summary 

 

"After" Group includes all SER “C” tests below 37° C, “Before” Group is stock.  (All stock tests were at ≤37°.)
1
 

This section is designed to be a condensed version of many pages of data, and many more pages of 

explanation.  It must be understood that there is a bigger picture and this is just a glimpse.  Testing of 

the Smart Emissions Reducer at the Keshi Company in Changzhou, China in May of 2014 produced 

validation of the SER’s ability to reduce carbon monoxide (CO) and particulate matter (K/m and N%) 

emissions on a 5.9 liter Cummins turbo diesel engine.  The above chart illustrates overall emissions 

reductions, by category, for the stock (Before) versus SER (After).  CO emissions reductions were 

greatest under the heaviest load ranges (where CO output is at its highest), averaging 22%.  The 

dramatic PM reductions were fairly consistent across all load ranges, averaging 25% and 18%.  Although 

NOX and HC2 emissions increased slightly, the total impact is negligible as seen by the red and blue lines 

in the above graph.  This is later confirmed by statistical analysis. 

The current cap on CO emissions is 1000 parts per million (PPM).  In stock trim, the Cummins engine 

emitted an average of 1335 PPM CO (under full load).  With the Smart Emissions Reducer, the peak CO 

averaged only 883 PPM in the After Tests, which brings this Cummins engine into current CO emissions 

compliance.  (The above chart shows totals for all the emissions.  CO levels for individual tests were 

under the 1000 PPM threshold.) 

With new emissions regulations and authority, Keshi must take action for the sake of compliance, as will 

the competition.  It can be assumed the competitors will most likely take advantage of current off-the-

                                                           
1
 See “Temperature Effects on Emissions”, page 18 

2
 See “Reliability of Data”, page 22 
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shelf technologies to meet standards.  With their strategy, they will be able to meet emissions, but offer 

a product that requires more maintenance than older models, and at a higher operating cost.  Keshi can 

stand alone in their field by offering a compliance package that delivers a return on investment

their customers in the form of reduced maintenance

With fuel economy improvements averaging

additional costs for all of the components required to meet new standards can be paid for in less than 4 

years (worst-case scenario), and as li

than likely being somewhere in the middle

equipment over the competition. 

BSFC (fuel consumption) by Modes (RPM and load ranges)
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In addition to offering the Smart Emissions Reducer, an NOX reduction strategy has been offered within 

this Report (as a free gift to Keshi from Extreme Energy Solutions) to meet standards that are outside 

the scope of the SER and other common emissions reduction technologies (namely the DOC).  Together, 

the proposed package of technologies can help Keshi exceed even upcoming proposed emissions 

standards cost effectively, while saving customers money (making Keshi equipment more desirable). 

Overall, recent testing has provided the scientific numbers to better qualify and quantify the benefits of 

using the Smart Emissions Reducer for both Keshi and the end users: 

• Improved fuel economy to offset additional cost for emissions reduction equipment 

• Reduced CO emissions 

• Reduced PM in the exhaust 

• Lower PM reduces maintenance requirements for the DOC 

• Lower PM reduces maintenance requirements for the EGR 

• Reduced wear on turbo (and most likely internal engine components) 

• Total 100% elimination of blow-by gas emissions (3% - 20% of total emissions) 

• Helps Keshi become more competitive in the marketplace 

• Potentially provides Keshi an additional revenue stream through older equipment 

retrofits 
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II Detailed Discussion 

Test Background 

The Keshi Group (Changzhou, Jiangsu, China) conducted testing at their facility in December of 2013 

with the Smart Emissions Reducer on 4 engines; new Cummins 5.9 liter turbo diesel and a used version 

of the same, and a new Red East (Shichai) 7.42 liter naturally aspirated diesel engine and a used version 

of the same.  Due to time constraints, no one engine was afforded very much test time.  With so few 

samples, some of the results were varied and sometimes confusing, as the emissions were still 

vacillating while the engines sought equilibrium with the Smart Emissions Reducer.  To develop more 

stable numbers, the same basic test protocol was repeated on one new Cummins engine over a much 

longer period of time, with more test samples for each group.  (The New Cummins testing in December 

showed fairly linear and consistent results, even with few samples.) 

Whereas the December testing assigned 3 stock tests to establish a baseline, the May testing conducted 

6 stock tests.  Throughout this report, these tests are denoted as Tests A1 through A6.  Immediately 

after installation of the Smart Emissions Reducer, 4 more tests were conducted (versus 3 in December) 

to determine immediate results on emissions and fuel economy; denoted as Tests B1 through B4.  After 

approximately 11.5 hours of engine operation post-SER installation, “C” testing began; denoted as Tests 

C1 through C9.  There were 9 “C” tests in May, versus 4 similar tests in December. 
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III The Testing 

Modes 
Each test session is composed of 6 Modes of operation: 

• Mode 1 – Max RPM, Max Load    2200 RPM, 480 Nm Torque 

• Mode 2 – Max RPM, 75% Load    2200 RPM, 360 Nm Torque 

• Mode 3 – Max RPM, 50% Load    2200 RPM, 240 Nm Torque 

• Mode 4 – Max Torque RPM, 100% Load   1600 RPM, 610 Nm Torque 

• Mode 5 – Max Torque RPM, 75% Load   1600 RPM, 458 Nm Torque 

• Mode 6 – Idle, 0% Load     750 – 850 RPM (810 nominal), No Load 

To attempt to equate the various Modes to real-world conditions; 

• Mode 1 – Maximum vehicle speed under heavy load on full incline 

• Mode 2 – Maximum vehicle speed under heavy load at partial incline 

• Mode 3 – Maximum vehicle speed under heavy load on flat surface 

• Mode 4 – Maximum load at full incline; where the vehicle is most capable of performing 

• Mode 5 – Less-than-full speed, full load, at least partial incline 

• Mode 6 – Vehicle at rest, no load, in neutral gear 
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Test Equipment 
The test equipment consisted of an ECK-500 2000 Nm dynamometer, Infralyt ELD 6-gas diesel analyzer, 

and Nanhua NHT-6 Opacity Analyzer. 

The Dyno 
The dyno is a Chinese manufactured ECK-500, rated 

at 7000 RPM and 2000 Nm torque.  The Keshi facility 

houses 2 of these dynamometers.  We used the one 

on the right in the picture.  The dyno’s data 

acquisition system captured BSFC and engine temp 

(Tw) at a resolution of 20 seconds per frame. 

Infralyt ELD 6-Gas Diesel Analyzer 
Previous testing (December of 2013) utilized an 

automotive gasoline style 5-gas analyzer.  It read CO 

in X.XX% resolution, which proved to be insufficient 

sensitivity.  For this round of testing, an Infralyt ELD 

diesel style 6-gas analyzer was employed.  

Specifications are as follows: 

• CO – 0 to 2000 PPM/Volume (1 ppm res) 

• CO2 – 0 to 20% Volume (XX.XX% res) 

• NO – 0 to 2500 PPM/Volume (1 ppm res) 

• NO2 – 0 to 500 PPM/Volume (1 ppm res) 

• O2 – 0 to 22% Volume (XX.XX% res) 

• HC – 0 to 2500 PPM/Volume (1 ppm res, hexane) 

ECK-500 Dyno control console 

The dyno loaded with test engine

Infralyt ELD 6-Gas Analyzer screen shot 
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The Infralyt ELD incorporates a total of 4 filters.  The 

final stage filter was replaced once half way through 

testing.  The third stage filter was replaced in the 

morning and afternoon prior to testing.  The second 

stage filter is a stainless steel mesh screen, which was 

cleaned whenever readings began to slow down 

(approximately every 2-3 days).  The first stage filter 

resembled an old fashioned gasoline fuel filter (not 

shown in photo).  This filter was replaced after every 

test.  The probe and hose were cleaned at least once, 

and usually twice (or more) per day of testing.  

Emissions readings were recorded manually by hand. 

Nanhua NHT-6 Opacity Analyzer 

The Nanhua NHT-6 Opacity Analyzer is a light and 

mirror type.  It sends light to a mirror and measures 

the intensity of the light that is returned from the 

mirror.  To ensure accuracy, the probe, hose, internal 

channels, and mirror were cleaned prior to every test.  

It reads opacity as: 

- K/m (X.XX res) 

- N% (0 to 100.0% res) 

The K/m (m-1) reading is a metric value used almost 

exclusively throughout the metric world.  The N% 

reading offers the highest resolution, and is the 

format most familiar in the United States (opacity%).  

Readings from the Nanhua Opacity Analyzer were recorded by hand. 

  

Rear of Infralyt showing stage 2, 3 & 4 filters 

Nanhua NHT-6 Opacity Analyzer 



11 

 

Testing Analysis 
The overall objectives of testing were to establish a solid baseline for the stock engine, establish 

readings with the Smart Emissions Reducer immediately after installation, and establish values once the 

SER had reached equilibrium with the engine.  Major focus was placed on consistency of the readings 

(the +/- margin of error).  Six tests were conducted in stock condition; A1 through A6.  Four tests were 

conducted immediately after installing the SER; B1 through B4.  Nine tests were conducted starting after 

a minimum period of 11.5 hours of operation (Tests B1-B4 plus 2 days of dynamic loading) once the SER 

was installed; C1 through C9.  Results are calculated by Modes and as an overall average.  Multiple 

readings were taken for each Mode of Operation: 

• Mode 1 – 4 Samples 

• Mode 2 – 3 Samples 

• Mode 3 – 3 Samples  

• Mode 4 – 4 Samples 

• Mode 5 – 3 Samples 

• Mode 6 – 3 Samples 

There were exceptions to this outline in a few tests; Test A3 recorded 5 samples in Modes 1 and 4, Test 

B1 only recorded 3 samples in Mode 1, Test B2 only recorded 3 samples for Modes 1 and 4, and Test C2 

recorded 5 samples of which only 3 were used (extremely out-of-range readings for first 2 samples 

followed by cleaning test equipment & filters).  The data shown in this portion of the Report are 

averages of the test readings.  For full data see “By the Modes”. 

Tests C3, C4, C5, and C8 were conducted with ambient temperatures <= 37 °C.  Tests C1, C2, C6, C7, and 

C9 were at ambient temperatures >=38 °C.  The stock testing (A1 through A6) ambient temperatures 

never went above 37 °C (averaging 32.3 °C).  In the “C” testing, the higher temperatures had a dramatic 

effect on the emissions readings3.  Therefore, for the sake of consistency, a category was created for the 

lower temperature samples in the “C” series of tests for a more comparable evaluation.  In most of the 

nomenclature, this “C3458” category is simply referred to as “After” results.  Furthermore, HC values are 

suspect due to HC Drift on the 6-Gas Analyzer4. 

  

                                                           
3
 See “Temperature Effects on Emissions”, page 18 

4
 See “Reliability of Data”, page 22 
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Data Acquired 

Throughout testing, several pieces of information were recorded: 

• Engine Speed in RPM; +/- 3 RPM 

• Engine Torque in Newton Meters (Nm); +/- 2 Nm 

• Brake Specific Fuel Consumption (BSFC, Fuel Economy) in grams per kilowatt hours (g/kWh in 

XXX.X resolution) 

• Engine Coolant Temperature (Tw) in degrees Celsius (°C, XX.X° resolution) 

• Oxygen (O2) in percent to the XX.XX% resolution 

• Carbon Monoxide (CO) in Parts Per Million (PPM, 10-4%) 

• Nitric Oxide (NO) in Parts Per Million (PPM, 10-4%) 

• Nitrogen Dioxide (NO2) in Parts Per Million (PPM, 10-4%) 

• Oxides of Nitrogen (NOX) in Parts Per Million (PPM, 10-4%; extrapolated from NO + NO2) 

• Hydrocarbons (HC) in Parts Per Million (PPM, 10-4%) 

• Opacity; K(/m-1) 

• Opacity; N% 

• Carbon Dioxide (CO2) in percent to the XX.XX% resolution 

• Ambient Temperature (°C, in XX° resolution) 

Engine speed (RPM), torque (Nm), BSFC, and Tw were recorded by the data acquisition software in the 

dyno.  Emissions data (O2, CO, NO, NO2, HC, CO2, K/m, and N%) were recorded manually from the 

readings on the emissions equipment.  Ambient temperature (°C) was also recorded manually from a 

thermometer placed near the air intake of the engine.  NOX was determined by adding NO + NO2.  

(Technically, NOX is the sum of NO + NO2 + N2O, but the equipment did not have the capability of 

reading N20.  This should be inconsequential as N2O constitutes substantially less than 1% of the total 

NOX.)  The targeted readings for this test session are BSFC, CO, NOX, HC, and Opacity (K/m and/or N%).  

CO2 and O2 are merely used as verification gasses to ensure accuracy of the other readings.  Tw and 

Ambient Temperature are used to add perspective to the targeted values. 

Evaluations compare the entire stock test grouping (A1 through A6), as temperatures were fairly stable 

from start to finish, and therefore readings were stable5.  Test Group B1 through B4 has been broken 

down into the entire B-Group, and B3 & B4 (B34).  Tests B1 & B2 were the first tests after installing the 

SER, and were conducted in the afternoon with higher ambient temperatures (35° and 37° respectively) 

resulting in higher-than-stock emissions across the board.  Tests B3 & B4 were conducted the next 

morning, but with cooler ambient temperatures (30° and 32° respectively).  Emissions were considerably 

lower in the B34 morning tests than the B12 afternoon tests, which were immediately after installing 

the SER (when numbers typically increase) and are therefore grouped separately for comparison.  The 

majority of this Report ignores the B-Group.  The engine had 11.5 hours of dynamic operation between 

the installation of the SER and the onset of test C1.  There were a total of 9 C-Tests conducted; C1 

through C9.  Some of these tests were conducted in morning hours with relatively cool ambient 

                                                           
5
 See “Statistical Margin of Error”, page 15 
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temperatures (lowest of 30° C, 86° F), and some were conducted in the afternoon with temperatures as 

high as 40° C (102° F).  Since the highest ambient temperature recorded for the A-Test group was 37° 

(A6), the C-Group was divided into >=37° (C1, C2, C6, C7 & C9) and <= 37° (C3, C4, C5 & C8).  The 

following charts are overall results of all 6 Modes. 

Results 

Testing Results of SER on New Cummins Engine 

Date:  May 2014 

Displacement:  5.9 L 

Mode Test BSFC CO ppm NOX K/m N% 

1 Stock 273 224 966 0.68 25 

SER 267 196 1005 0.52 20 

Difference -2.2% -12.5% 4.0% -23.5% -20% 

2 Stock 281 108 769 0.28 11 

SER 274 114 801 0.22 9 

Difference -2.5% 5.5% 4.2% -21.4% -18.1% 

3 Stock 309 108 550 0.19 8 

SER 304 125 562 0.18 7 

Difference -1.6% 15.7% 2.2% -5.3% -10% 

4 Stock 243 1335 1262 2.39 64 

SER 236 883 1281 1.70 52 

Difference -2.9% -33.9% 1.5% -28.9% -18.8% 

5 Stock 234 190 1263 0.68 25 

SER 229 166 1280 0.56 21 

Difference -2.1% -12.6% 1.3% -17.6% -16% 

6 Stock 0 155.89 283.72 0.01 0.38 

SER 0 165.33 241.82 0.01 0.15 

Difference 6.1% -14.8% 0% -60.5% 

Total Stock 1339 2120 5094 4 135 

SER 1308 1649 5170 3 110 

Difference -2.3% -22.2% 1.5% -25.0% -18.5% 

Green numbers are desirable reductions, while red numbers are undesirable increases. 
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Data Summary 
The Smart Emissions Reducer shows a reduction of Carbon Monoxide (CO) by an average of 22%, with a 

highest reduction of 34% (Mode 4).  NOX comes out pretty much even with some slight increases and 

some slight decreases.  Depending on how Particulate Matter (PM or Opacity) is measured, reductions 

average 25% (K/m) and 19% (N%), with a highest reduction of 60% N% (Mode 6).  Fuel efficiency 

improved by an average of 2.3% overall, with the highest gain of 3% (Mode 4).  (A more thorough 

exploration of high and low peaks is covered in the “Statistical Margin of Error” section later.)  The 

actual ranges are as follows: 

• CO – [15.7% increase, Mode 3] to [-33.9% reduction, Mode 4], average 22.2% reduction 

• PM K/m – [-5.3% reduction, Mode 3] to [-28.9% Mode 4], average 25% reduction 

• PM N% - [-10% reduction, Mode 3] to [-60% Mode 6], average 18.5% reduction 

• BSFC – [-1.6% improvement, Mode 3] to [-2.9% improvement, Mode 4], average -2.3% 

improvement. 
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IV Statistical Margin of Error

Reduction in emissions and improved fuel efficiency by addition of a 

Smart Emissions Reducer onto a new Cummins diesel engine

Carley Corrado, PhDa 
aDepartment of Physics, University of California Santa Cruz, Santa Cruz, CA, USA

Abstract 

The change in emissions resulting from addition of a Smart Emissions Reducer (SER) onto a 5.9 li

Cummins turbo diesel engine was compared to the emissions of the stock engine. The total 

emissions averaged over the 6 modes tested in the categories of CO, K/M, and N% were decreased 

by 22%, 25%, and 18%, respectively. The NOx emission was not changed

the Brake Specific Fuel Consumption (BSFC) of 2.3%, which is equivalent to the corresponding 

improvement of fuel efficiency. Conservative projections of the fuel savings resulting from addition 

of the SER estimates an ROI of <1.2 

the 5-year lifetime of the SER.  The effect of ambient temperature causing an increase of emissions 

in all categories was also observed and quantified.

Results of Emissions 

Testing Before and After 

SER 

 The addition of a 

Smart Emissions Reducer 

(SER) onto the Cummins 

engine caused the change 

of the CO, NOx, K/m, and 

N% emissions and that of 

the Brake Specific Fuel 

Consumption (BSFC) 

totaled across all modes as 

shown in Figure 1. There 

was a substantial 

reduction in CO, K/m, and 

N%.  The NOx emission 

increased by a negligible 

amount, which was 

deemed as not statistically 

significant, hence 

considered not changed. 

Each test session is composed of 6 Modes of operation:

• Mode 1

• Mode 2

• Mode 3 

• Mode 4

• Mode 5

• Mode 6

Figure 1:

(BSFC) and emission across all modes in the Cummins engine after 

adding the Smart Emissions Reducer (SER).
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ions Reducer onto a new Cummins diesel engine

University of California Santa Cruz, Santa Cruz, CA, USA 

The change in emissions resulting from addition of a Smart Emissions Reducer (SER) onto a 5.9 li

Cummins turbo diesel engine was compared to the emissions of the stock engine. The total 

emissions averaged over the 6 modes tested in the categories of CO, K/M, and N% were decreased 

by 22%, 25%, and 18%, respectively. The NOx emission was not changed. There was a decrease in 

the Brake Specific Fuel Consumption (BSFC) of 2.3%, which is equivalent to the corresponding 

improvement of fuel efficiency. Conservative projections of the fuel savings resulting from addition 

of the SER estimates an ROI of <1.2 years and a total fuel savings of 10,000 liters of gasoline over 

The effect of ambient temperature causing an increase of emissions 

in all categories was also observed and quantified. 

Each test session is composed of 6 Modes of operation:

Mode 1 – Max RPM, Max Load; 2200 RPM, 480 Nm Torque

Mode 2 – Max RPM, 75% Load; 2200 RPM, 360 Nm Torque

Mode 3 – Max RPM, 50% Load; 2200 RPM, 240 Nm Torque

Mode 4 – Max Torque RPM, 100% Load; 1600 RPM, 610 Nm T

Mode 5 – Max Torque RPM, 75% Load; 1600 RPM, 458 Nm T

Mode 6 – Idle, 0% Load; 75 – 850 RPM (810 nominal), No Load

Figure 1:  The total change in Brake Specific Fuel Consumption 

(BSFC) and emission across all modes in the Cummins engine after 

adding the Smart Emissions Reducer (SER).  
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the Brake Specific Fuel Consumption (BSFC) of 2.3%, which is equivalent to the corresponding 

improvement of fuel efficiency. Conservative projections of the fuel savings resulting from addition 

years and a total fuel savings of 10,000 liters of gasoline over 

The effect of ambient temperature causing an increase of emissions 

Each test session is composed of 6 Modes of operation: 

Max RPM, Max Load; 2200 RPM, 480 Nm Torque 

Max RPM, 75% Load; 2200 RPM, 360 Nm Torque 

2200 RPM, 240 Nm Torque 

Max Torque RPM, 100% Load; 1600 RPM, 610 Nm T 

Max Torque RPM, 75% Load; 1600 RPM, 458 Nm T 

850 RPM (810 nominal), No Load 

The total change in Brake Specific Fuel Consumption 

(BSFC) and emission across all modes in the Cummins engine after 
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Figure 2:  Each graph shows data 

before addition of the SER (A, 

green), immediately after addition 

of SER (B, orange), and after SER 

has equilibrated (C, blue) with its 

respective units on the left y

plotted by mode on the x

change in emission from b

adding the SER (A) to after adding 

the SER (C) is plotted as a black 

diamond on the right y

error bars show the standard 

deviation of the mean percentage 

change in emission before (A) and 
after addition of the SER (C). 

 

Each graph shows data 

before addition of the SER (A, 

green), immediately after addition 

of SER (B, orange), and after SER 

has equilibrated (C, blue) with its 

respective units on the left y-axis, 

plotted by mode on the x-axis. The 

change in emission from before 

adding the SER (A) to after adding 

the SER (C) is plotted as a black 

diamond on the right y-axis. The 

error bars show the standard 

deviation of the mean percentage 

change in emission before (A) and 
after addition of the SER (C).  
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The change in emissions and BSFC in each mode are shown graphically in Figure 2. 

The corresponding table of the results of the emissions and BSFC before adding the SER (A), 

immediately after adding the SER (B), and after the SER was equilibrated (C) is shown in Table 1. 

The change in emission between the stock engine (A) and the SER engine (C) was also graphed 

(Figure 2) as well as shown in Table 1.The range of statistically meaningful data was calculated by 

propagating the error using each data set’s standard deviation, revealing the error in the data in 

order to determine which changes in emissions data are statistically significant and which are not. 

The error is shown on the graphs as error bars (Figure 2), and shown in the table as the + or – that 

accompanies each average value of emission. Each average was calculated using between 4 and 6 

repetitions of each measurement. 

Table 1 shows that the CO, K/M, and N% are reduced by 22%, 25% and 18%, respectively, when 

totaling over all modes. Upon analysis of the data by mode, it is observed that the CO emission was 

reduced significantly in 3 of the 6 modes. The most impactful mode is mode 4, as is clearly 

demonstrated in the CO graph by mode displayed in Figure 2. While the mode 4 emission of the 

stock engine is 1325 ppm, the CO emission of any other mode is 227 ppm or less. The mode 4 CO 

emission was reduced to 883 ppm after addition of the SER, a 33% reduction. In both modes 1 and 

5, it was reduced by 14%. In mode 2, there was no change. In mode 3, there was actually an 

increase in CO emission, the only statistically significant increase of any emission in any mode. It is 

worth noting though that the mode 3 CO emission was the lowest of any mode, at 109 ppm, which 

then increased to 125 ppm after addition of the SER, an increase of 15%.  

The particulate matter (PM) emission was measured both in K/M (light absorption coefficient) and 

N% (% transmittance through the exhaust) and was reduced in all five out of five modes tested (the 

particulate emission in Mode 6 was also tested, but was so low in this mode that it was not 

included). Again Mode 4 showed the highest emissions, N% of the stock engine being 64 Hartridge 

Standard Units (HSU), which decreased to 52 HSU, a 19% reduction. Modes 1 and 5 also showed 

significant PM emission, being reduced from 26 HSU and 25 HSU, respectively, to 20 HSU and 21 

HSU, representing a drop of 22% and 16%. Modes 2 and 3 had the lowest PM emission of 11 and 8 

HSU, which were reduced to 9 and 7, reductions of 18% and 10%, respectively. 

NOx emission has been shown to be dependent on temperature. The equation used by the 

Environmental Protection Agency6 to correct for temperature is shown in equation 1: 

NOx (reference) = NOx (measured) / KNOx   (1) 

Where the NOx (reference) is the calculated NOx at a certain temperature, 25°C being standard, and 

NOx (measured) is the NOx value at a given temperature. The KNOx is the NOx correction factor, 

calculated by equation 2: 

    KNOx = 1 + 0.00446(T-25)    (2) 

                                                           
6
Lindhjem, Christian, et al. "Applying Humidity and Temperature Corrections to On and Off-Road Mobile 

Source Emissions." Proc., 13th Int. Emission Inventory Conf. 2004. 
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Where “T” is temperature in degrees Celsius. 

The NOx (reference) was calculated in order to enable comparison between NOx readings taken at 

different temperatures, which were shown to be unchanged from addition of the SER onto the stock 

engine. The NOx values in Table 1 reflect those calculated using the Zeldovich equation. 

Fuel Efficiency Enhancement 

The Brake Specific Fuel Consumption (BSFC) was reduced in all 5 modes over a range of 1.7% to 2.9%, 

being reduced by 2.3% on average. The fuel savings is best analyzed by translation into economics. For a 

vehicle driving 30,000 km/year, consuming 70 liters of gasoline per 100 km at a fuel cost of ¥7.2 RMB/L 

($4.37/gal), a gas savings of 2% would result in a savings of ¥3,024 RMB/year ($488). For a SER priced at 

$566 per unit, the ROI would therefore occur in <1.2 years. After the initial investment was recouped, 

the fuel savings would amount to ¥11,600 RMB ($1,870) over the SER’s lifetime. The gasoline savings 

from addition of a single SER onto an engine would be 10,000 L (2,775 gal) over the course of its lifetime 

of 5 years. Addition of the SER onto 100 vehicles would save 1 million liters of gasoline.  

Temperature Effect on Emissions 

The data set of A (before SER) was compiled from the emissions data of 6 repetitions of identical data 

collection, the data set B from 4 repetitions of measurements immediately after installing the SER into 

the Cummins engine, and finally the data set C was taken 9 times after the SER in the engine had 

equilibrated. Since this C data was taken later in the day after the engine had been running continuously 

for hours, the ambient temperature in the room varied to a greater degree than the first set of data 

taken before addition of the SER. The higher temperatures that the engine reached affected the 

emissions data and caused higher readings than those of the lower temperature data collections, as has 

been observed widely in the literature.7,8 

Data set A was taken in the temperature range of 28°C to 37°C. Data set C was taken in the temperature 

range 30°C to 40°C. While this difference in range is subtle, analysis shows the clear distinction in the 

data from those measurements taken below and above 37°C. Figure 3 shows the difference in the two 

subsets of data set C (after addition of the SER), where the four measurements taken at 37°C or less are 

categorized as Low Temperature, while the other five measurements taken above 37°C are categorized 

as High Temperature. While the temperature fluctuation of BSFC did not cause an observable increase 

above the noise of the data, the High Temperature data of the four emissions measured showed a 

noticeable increase in emissions. Table 2 shows that in 20 of the 22 separate repeated and averaged 

measurements (4 types of emissions in 5-6 modes), the emissions increased at higher temperatures. 

This table shows the average C Low Temperature and C High Temperature reading in each mode, as well 

as totaled, and the percent increase in emissions between the high temp data compared to the low. 

                                                           
7
Opat, Richard, et al. Investigation of mixing and temperature effects on HC/CO emissions for highly dilute low 

temperature combustion in a light duty diesel engine. No. 2007-01-0193. SAE Technical Paper, 2007. 
8Akihama, Kazuhiro, et al. Mechanism of the smokeless rich diesel combustion by reducing temperature. No. 

2001-01-0655. SAE Technical Paper, 2001. 
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Because of this discrepancy between the emissions data before adding the SER being at lower 

temperature than the emissions data that was taken after adding the SER, means were taken in order to 

compare the most representative change in emissions between the before and after adding the SER 

emissions data. The low temperature (≤37° C)data set of C was used to compare with the emissions in A 

(before adding the SER), since all measurements of which were taken at temperatures ≤37° C in both 

data sets. Therefore the C data was used throughout this analysis is the average of the Low Temp data. 

Table 1 (next page):  BSFC and emissions data are shown for the stock engine (A), 

immediately after addition of the SER (B), and after equilibration of the SER (C). Testing was 

performed in 5-6 different modes as displayed.  The change in emissions between B and A 

(immediately after SER was added) and that between C and A (after SER equilibration) are 

shown as a percentage, as well as the standard error in the mean percentage change,  

propagated from the standard deviation of each measurement. The standard error (shown on 

the table as +/-) allows for interpretation of how statistically significant a given change is.  In 

the case that a standard % error is as large as or larger than the change itself,  that change is 

deemed statistically insignificant, and considered to be “no change.” Using this analytical tool,  

the change in emissions in each measurement was assessed,  based on the magnitude of the 

change compared to that of the error,  and the table was color-coated by the following key: 
 

  significant increase beyond error (>5%) 

  slight increase beyond error (<2%) 

  no change 

  slight decrease beyond error (<2%) 

  significant decrease beyond error (>5%) 

 

Mode Test BSFC CO NOx K/m N% 

1 

Low T  267   196   1,038   0.52   20  

High T  267   214   1,084   0.53   20  

% Dif Low vs High 0.1% 9% 4% 2% 1.1% 

2 

Low T  274   114   828   0.22   9  

High T  272   116   878   0.23   10  

% Dif Low vs High -0.5% 2% 6% 5% 4.8% 

3 

Low T  304   125   581   0.18   7  

High T  302   128   617   0.19   8  

% Dif Low vs High -0.6% 3% 6% 6% 6.6% 

4 

Low T  236   883   1,324   1.70   52  

High T  237   1,009   1,378   1.83   54  

% Dif Low vs High 0.3% 14% 4% 8% 4.9% 

5 

Low T  229   166   1,324   0.56   21  

High T  227   173   1,378   0.55   21  

% Dif Low vs High -0.5% 4% 4% -1% -0.4% 

6 

Low T -     165   250  -    -    

High T -     167   268  -    -    

% Dif Low vs High   1% 7%     

 

Table 2:  The emissions data of C (after equilibration of SER) is divided into two temperature 

ranges. The Low T range includes measurements taken at temperatures ≤37°C as to be 

comparable to the A (before SER) data set taken at the same temp. The High T data was taken 

at temperatures >37°C.  The % change in the High T vs.  Low T data is also shown. 
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Mode Test BSFC CO NOx K/m N% 

1 

A 273 224 966 0.7 25 

B 271 227 958 0.7 25 

C 267 196 1005 0.5 20 

B vs. A -0.8% 1.3% -0.9% -4% -3% 

+ / - 1.6% 15% 3% 12% 11% 

C vs. A -2.3% -13% 4% -24% -21% 

+ / - 1.6% 9% 5% 6% 6% 

2 

A 281 108 769 0.3 11 

B 276 118 762 0.3 10 

C 274 114 801 0.2 9 

B vs. A -1.8% 10% -0.9% -9% -11% 

+ / - 1.2% 16% 5% 10% 8% 

C vs. A -2.8% 6% 4% -20% -19% 

+ / - 1.2% 7% 6% 8% 8% 

3 

A 309 108 550 0.2 8 

B 306 122 548 0.2 7 

C 304 125 562 0.2 7 

B vs. A -0.8% 13% -0.4% -7% -8% 

+ / - 1.3% 11% 5% 10% 9% 

C vs. A -1.7% 15% 2% -10.0% -10.6% 

+ / - 1.5% 7% 6% 6.3% 5.5% 

4 

A 243 1325 1262 2.4 64 

B 239 1095 1244 2.1 58 

C 236 883 1281 1.7 52 

B vs. A -1.4% -18% -1.5% -14% -9% 

+ / - 1.7% 24% 3% 19% 13% 

C vs. A -2.7% -34% 2% -29% -19% 

+ / - 1.2% 7% 4% 5% 3% 

5 

A 234 190 1263 0.7 25 

B 230 179 1238 0.6 23 

C 229 166 1280 0.6 21 

B vs. A -1.4% -6% -2% -11% -10% 

+ / - 1.3% 11.6% 2.6% 8.5% 7.5% 

C vs. A -2.1% -12% 1% -18% -16% 

+ / - 1.3% 6% 4% 6% 5% 

6 

A -- 156 284 0.01 0.4 

B -- 156 266 0.01 0.3 

C -- 165 242 0.01 0.3 

B vs. A -- 0.3% -6% -- -32% 

+ / - -- 0.3% -6% -- 30% 

C vs. A -- 6% -15% -- -21% 

+ / - -- 6% 11% -- 22% 

Mode Test BSFC CO NOx K/m N% 

Total 

A 1339 2120 5094 4.2 135 

B 1323 1897 5015 3.8 124 

C 1308 1649 5170 3.2 110 

B vs. A -1.2% -11% -1.5% -11% -8% 

+ / - 0.6% 15% 1% 10% 8% 

C vs. A -2.3% -22% 1.5% -25% -18% 

+ / - 0.7% 4% 2.3% 3% 2% 
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Reliability of Data 
Since the Smart Emissions Reducer is a relatively new technology (compared to many commercially 

available emissions reduction technologies), it makes scientific sense to compare test groupings for 

Figure 3 : Each graph shows 

data before addition of the SER 

(A, green), and after addition 

and equilibration of the SER 

(C) taken at low temperature 

(C, blue) and high temperature 

(C, red). The change in 

emissions between A and C Low 

Temp are shown as blue x’s on 

the blue line, and the change 

between A and C High Temp 

are shown as the red triangles 

on the red line.  
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consistency.  Should any group of numbers stand out as significantly different from the norm, those 

numbers should be scrutinized before acceptance.  This section looks at data from other tests to either 

question or add credibility to the data from this test grouping.  Whereas Extreme Energy Solutions has a 

significant amount of field-acquired data, this section will only look at laboratory results.  The 

comparisons are between the May 2014 Keshi test results and December 2013 Keshi, Weichai, and Nova 

Analytical tests. 

December 2013 vs. May 2014 Keshi Testing on New Cummins 

Mode Test BSFC CO NOX N% 

1 Dec -9.13% * -5.11% -47.88% 

May -2.3% -13% 4% -21% 

2 Dec -1.38% * -8.11% -25.54% 

May -2.8% 6% 4% -19% 

3 Dec -0.24% * -8.93% -60.38% 

May -1.7% 15% 2% -11% 

4 Dec -3.74% -100% 0.93% -51.26% 

May -2.7% -34% 2% -19% 

5 Dec -2.62% * -6.44% -37.71% 

May -2.1% -12% 1% -16% 

6 Dec  * -4.28% -80.18% 

May  6% -15% -60% 

Avg Dec -3.42% -100% -5.32% -50.49% 

May -2.3% -22.2% 1.5% -18.5% 

The BSFC numbers were better in December than May, 3.42% versus 2.3%.  *The CO comparison is not 

valid as the analyzers used for the 2 tests measured it differently, and the December numbers were 

inconclusive.  Whereas the May testing showed a slight increase in NOX, the December testing showed a 

significant 5.32% reduction.  As good as the May PM numbers were at 18% reduction, the December 

numbers came in at a healthy 50.49% reduction. 

Weichai vs. May 2014 Cummins 

 BSFC HC CO NOX N% 

Weichai -1.5% -13.7% -7.8% 1.4% -4.9% 

Keshi -2.3% 39.6% -22.2% 1.5% -18.5% 

Weichai tested a 7 liter turbo diesel EURO IV spec engine, similar (albeit a bit larger) to the Cummins 

tested at Keshi Group.  The Weichai testing showed a more modest BSFC gain of 1.5%.  The HC numbers 

are in total disagreement, though, with Keshi showing an increase 39.6% and the Weichai testing 

showing a reduction of 13.7%.  The CO numbers also show a spread with Keshi averaging 22.2% 

reduction and Weichai showing only a 7.8% improvement.  The NOX values are comparable at 1.5% 

versus 1.4%.  A real surprise is with PM.  The Keshi testing showed consistent strong PM reduction, 

averaging 18.5% and the Weichai testing showed a mere 4.9% reduction. 

 



23 

 

Nova Analytical vs. May 2014 Cummins 

 HC CO NOX BSFC 

Nova -33.4% -71.5% -27.9% -16.2% 

Keshi 39.6% -22.2% 1.5% -2.3% 

Perhaps the largest discrepancy is with the Nova Analytical tests.  As a qualifier, Nova tested 2 large train 

engines.  CO readings were in X.XX% values (like the December Keshi tests), HC is in PPM, NOX is in PPM, 

and BSFC is a derivative of CO2 readings.  Engines were tested at idle, mid- and high-RPM no-load 

conditions.  These numbers were averaged for the values shown in the above chart. 

Conclusion 

The Smart Emissions Reducer shows a solid gain in fuel economy that ranges between 1.53% and 3.42% 

(discounting the Nova Analytical findings which are outside the realm of normal).  The 22.2% reduction 

in CO appears to be fair and reasonable.  The 39.6% increase in HC derived from the May testing 

appears to be out of alignment with other test reports, particularly considering Weichai’s testing was 

performed with EURO spec Horiba analyzers.  It is probable that the 6-gas Infralyt analyzer HC readings 

drifted out of span, and that a recalibration would probably have shown a decrease in HC emissions and 

not an increase.  HC readings are the most prone to drift of the 6 gasses sampled, and by a significant 

margin (the other numbers are most likely fairly accurate).  This was a complication during the 

December Keshi testing with the AVL analyzer as well.  Finally, the NOX readings show essentially no 

significant change overall.  When contrasting the December testing, it may seem reasonable that a slight 

decrease in NOX is probable (at consistent temperatures and humidity levels). 

• The SER delivers consistent increases in fuel efficiency in the 2% to 3% range 

• The SER delivers consistent reductions in CO of 8% to 22% 

• Aside from the May results, the SER shows consistent reductions in HC of 13% to 33% 

• PM reductions with the SER range from 4.9% up to 50.49%, suggesting the May 19% numbers 

are most reasonable. 

  

Weichai Headquarters, Weifang. 
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V Background on Emissions Technologies 

Reviewing test data can only show numbers.  For these numbers to have value, a bigger picture must be 

considered, and related information must be taken into consideration for a deeper understanding of the 

impact of the test numbers.  This section explores valuable concerns that may not be directly evident by 

the numbers themselves, but certainly contribute to the overall scope of things. 

Closed Crankcase Ventilation (CCV) Systems 

Crankcase blow-by emissions constitute raw diesel fuel molecules, carbon monoxide (CO), carbon 

dioxide (CO2), water vapor (H2O), oil vapors (SOF), vaporized hydrocarbons (HC), sulfates (SO2, SO3, SO4 

& H2SO4), and aldehydes.  In all, the crankcase blow-by gasses contribute from 3% to 20% of total 

engine toxic emissions [Caterpillar, 2009].  A mid-life diesel engine’s blow-by will contribute an average 

of 9.84% of the total toxic emissions from the engine [Southern Research Institute, 2005].  Dumping 

crankcase blow-by gasses into the atmosphere has a significant impact on air quality and needs to be 

considered as part of the total emissions of a vehicle or engine. 

In the United States, individual State initiatives began implementing retrofit CCV systems on school 

busses starting in 2005.  Today, a CCV system is mandatory on all busses in all states due to the 

effectiveness it has on in-cabin toxic emissions.  Rigorous testing has been conducted on normal busses 

(baseline) and ones equipped with CCV systems to determine the effect on the air breathed by 

passengers.  It is the results of these numerous tests that have led all states to adopt a mandatory CCV 

policy. 

It should be noted that there is normally a slight increase in exhaust emissions (11% of THC emissions 

according to Southern Research Institute) when recirculating crankcase gasses back into the air intake 

(filtered, but otherwise untreated).  It should also be noted that these untreated gasses usually have a 

slight negative effect on the life of the turbocharger.  [In the “Reliability of Data” section, other 

laboratory test results show HC’s almost always decrease with the SER, in contrast to CCV trends.] 

Diesel Oxidation Catalysts (DOC) 

Although the Diesel Particulate Filter is considered the “King” of CO, PM & HC emissions reductions, it is 

only used with Ultra-Low Sulfur Diesel Fuel (widely available only in the United States as of this writing).  

A viable alternative for hefty emissions reductions is the Diesel Oxidation Catalyst (DOC), which is more 

tolerant to sulfur, and less expensive.  In short, it works to oxidize EVERYTHING in the exhaust to convert 

harmful elements to docile water and carbon dioxide (intended goal).  The DOC mounts in the exhaust 

system where it treats the exhaust gasses as they pass through to atmosphere.  Statistically, the DOC: 

• Reduces CO emissions by 70% to 90% 

• Reduces HC emissions by 80% 

• Reduces PM emissions by 20% 



25 

 

In the sales literature DOC’s are referred to as “Maintenance Free”.  In the service manuals, DOC’s 

require periodic cleaning, and even replacement.  Depending on the health of the engine and the fuel 

used, cleanings are needed every 8700 hours on average (Universal AET, 2010).  This interval is 

dependent on PM and oil content in the exhaust gasses.  Replacement intervals are almost exclusively 

dependant on sulfur content in the fuel, as the sulfur ash cannot be fully removed with a maintenance 

cleaning. 

Another drawback to the use of the DOC is the formation of sulfuric acid.  The process looks like this: 

• Sulfur Dioxide (from the diesel fuel) oxidizes in the DOC to form Sulfur Trioxide 

• Water resident in the exhaust combines with sulfur trioxide to form sulfuric acid 

• Sulfuric acid in the exhaust precipitates under cooling to form sulfate PM 

• Sulfate PM is part of TOTAL PM and is counted in the PM content in the exhaust 

• 2SO2 + O2 = 2SO3 

• SO3 + H2O = H2SO4 

In addition to the formation of sulfuric acid, DOC’s substantially increase total NO2 formation (oxidized 

NO by percentage of NOX).  Virtually every health organization and emissions regulatory board 

recognizes NO2 as significantly more dangerous than NO.  It is not the purpose of this discussion to 

discourage the use of the DOC, but merely to show that it is not a panacea solution.  It definitely serves 

a useful function in the control of harmful emissions, but is best used in a “package” of devices that 

offer a more complete solution (more later). 

The Smart Emissions Reducer (SER) 

Unlike many other emissions reduction technologies, the Smart Emissions Reducer affects pollution 

before it is made by improving the combustion process.  It treats crankcase blow-by gasses to 

catalytically fracture and ionize the constituents, delivering somewhat of a “combustion accelerant” to 

the cylinders.  The SER has advantages that greatly contribute to emissions reductions, but with a nice 

side benefit of improved fuel efficiency (lacking in every single other add-on emissions reduction 

strategy currently employed in the mainstream engineering community).  This Report showcases the 

emissions reductions potential for the SER.  It is EXTREMELY strong in the PM category, with average 

reductions of 25%.  Its second greatest strength is in reducing CO, with reductions upwards of 37+% (at 

high loads).  As of this writing, Chinese Emissions Standards cap CO at 1000 PPM.  Reviewing the data 

from the test results, it can be seen how the Smart Emissions Reducer is capable of delivering this 

regulated result by itself (as a stand-alone emissions reduction device). 

Since the SER integration mandates a CCV configuration, 100% of the crankcase blow-by emissions are 

eliminated.  Again, this constitutes between 3% (new engines) and 20% (worn engines) of the total 

emissions, averaging 9.84%.  Unlike typical CCV systems, the SER actually reduces exhaust emissions.  

Also unlike typical CCV devices, the SER improves fuel economy (>2% average according to lab tests, and 

between 8% and 12% according to reports from the field). 
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NOX Reduction Strategies 

Neither the Smart Emissions Reducer nor the DOC have shown the ability to significantly reduce NOX 

emissions.  Again, referencing the “Total Emissions Reduction Package” concept, yet another strategy is 

required to reduce NOX emissions.  Currently there are 2 widely used methods employed for the 

reduction of NOX emissions; Selective Catalyst Reduction (SCR) and Exhaust Gas Recirculation (EGR).  The 

SCR is a rather sophisticated device that mounts in the exhaust system and is preceded by either a DOC 

or DPF.  It is used mostly in the United States where ULSD (Ultra Low Sulfur Diesel) fuel is widely 

available.  It requires a maze of electronic sensors and wiring, an electronic controller, high inlet 

temperatures, as well as ammonia-based urea fluid (a flammable consumable).  Subsequently, it is a 

rather high-cost device to integrate into a production vehicle.  SCRs approach NOX reduction from the 

exhaust side, after combustion, in conjunction with either a DPF or DOC. 

EGR approaches NOX reduction from the production side.  NOX is formed when the nitrogen and oxygen 

in the air literally burn in the combustion process.  This requires temperatures in excess of 1370° C 

(2500° F), and time, as it is a relatively slow process (compared with other chemical reactions in the 

combustion process).  Recirculating exhaust gasses into the air intake introduces elements that do not 

contribute as a fuel nor as an oxidizer; primarily nitrogen, carbon dioxide, and water vapor.  The result is 

a slower burn within the combustion process.  Although this reduces peak combustion temperatures 

(and therefore NOX), it also retards the oxidation rate of the fuel elements, resulting in higher HC, PM, 

and CO emissions. 

Many studies illustrate the implementation of EGR with various strategies yielding varying results.  

Typical numbers are a 25% reduction in NOX at a 10% EGR flow rate, and 60% reduction in NOX at a 25% 

EGR flow rate.  Many systems require additional hardware to create exhaust back-pressure, and most 

require an EGR cooler and an electronic controller.  Virtually all studies correlate the volume of exhaust 

gasses to the overall reduction in NOX emissions, but with an overall increase in most all other 

emissions.  The desired balance is where the NOX reductions and carbon-based emissions increases 

meet at a compromising level. 

In addition to studies on EGR, there exist (far fewer) studies on humidity and the injection of water 

vapor to reduce harmful NOX emissions.  Water injection shows much greater potential to reduce NOX 

without the high increases of other pollutants.  According to a US EPA study9, a 1% increase in intake air 

humidity equates to a 1.77% reduction in NOX formation.  If this is so, one might ask why water injection 

isn’t implemented over EGR or even SCR strategies.  The answer is simple, the end user would be 

required to fill a water tank on a regular basis.  Regulatory agencies assume too many end users would 

neglect this important task, and emissions levels would return to former high levels.  Water freezes, and 

frozen water in a remote tank cannot be added to the combustion process.  Furthermore, the size and 

weight of a suitable water tank adds to the overall mass of the vehicle.  Therefore, maintenance-free 

EGR has found favor over high-maintenance water injection strategies in production. 

                                                           
9
 “Applying Humidity and Temperature Corrections to On and Off Road Mobile Source Emissions”; Lindhjem, Chan, 

Pollack (2006) 
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The Keshi Group is in a unique situation (in the engineering community) to utilize a form of EGR AND 

water vapor injection in such a way as to reduce NOX emissions without a substantial increase in other 

emissions (or notable loss in power and economy).  Since Keshi vehicles pass the exhaust gasses through 

a water box to both cool the exhaust temperatures (to prevent thermal flash explosion potential) and 

scrub PM emissions, the exhaust gasses are doped with a high percentage of water vapor.  Recirculating 

this water-rich exhaust gas back into the air intake delivers the best of both worlds.  In addition, with the 

presence of high concentrations of water vapor in the exhaust, much smaller volumes of exhaust gasses 

(estimated 1/3 volume) can deliver the NOX reductions without the side effects of massive carbon 

emissions increases and the loss of power and economy.  An estimated 10% EGR rate should yield a 

>40% reduction in NOX emissions. 

An additional benefit from this 

strategy is a more powerful 

expansion medium.  When the 

fuel burns, it produces heat.  This 

heat acts on the nitrogen, CO, 

CO2, H2O, and other gasses in the 

combustion chamber.  These 

gasses expand from the heat, 

thus creating pressure.  It is this 

pressure that pushes against the 

piston creating kinetic energy to do useful work.  Water vapor expands twelve times (12X) as much per 

calorie of heat as does nitrogen.  When water vapor is introduced into the air intake, more power can be 

made from the same fuel, increasing engine output and fuel efficiency, while reducing NOX emissions.  

Carbon dioxide (CO2, a potentially significant percentage of the total exhaust gas) expands at an even 

higher rate than water vapor.  In other words, using the water-rich exhaust gas in an EGR strategy 

provides: 

• A medium with higher thermal density, thus further reducing NOX formation 

• A medium with a higher thermal expansion properties, offsetting power loss (or perhaps even 

increasing power output) 

• A medium where less exhaust gas is required to meet NOX reduction goals 

• Less EGR means lower increases in carbon based emissions 

• An EGR strategy that does not require an additional cooler 

• An off-the-shelf based technology with many companies offering needed hardware & strategies 

A Complete Package 

Returning to the “Complete Package” concept, adding any one technology to a production vehicle adds 

to the production costs, and therefore to the retail price.  Adding multiple technologies can potentially 

add a significant cost/price to the product.  Should there be a Return On Investment (ROI) factor, a 

price increase can be more easily justified to the customer.  With varied emissions targets, relying 

exclusively on existing technologies, it will require more than one device/technology to meet all of the 

Simplistic sketch of proposed water vapor EGR. 
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emissions reduction requirements.  Evaluating one technology at a time, we are able to determine 

strengths and weaknesses.  First, a look at the DOC: 

• 70% to 90% reductions in CO 

• 80% reductions in HC 

• 20% reductions in PM 

• High conversion of NO to NO2 (substantially more harmful than NO) 

• Increase in sulfuric acid (where sulfates mix with ambient water in the exhaust and humidity) 

• Meets CO emissions standards (both current 1000 PPM standard and future 400 PPM standard) 

• Cannot meet NOX emissions standards 

• Requires maintenance, and eventual replacement (additional costs) 

• No fuel economy (ROI) benefits 

Next, a look at the Smart Emissions Reducer: 

• Reduces PM emissions by 20% to 50%10 in all phases of engine operation 

• Reduces CO emissions proportionately to engine load (where CO emissions are at their peak) by 

upwards of 30% 

• Does not significantly affect NOX emissions 

• Cannot meet NOX emissions requirements 

• Meets current CO emissions standards (1000 PPM) 

• Requires maintenance (a 5 minute job every oil change), but should never need replacement11 

• Improves fuel economy; 2% to 3% according to lab testing, 8-12% according to field studies 

• Improved fuel economy offers a Return On Investment (ROI) to offset additional emissions 

control equipment costs 

• Helps keep engine oil cleaner (potentially extending engine & turbo life and oil change intervals; 

additional ROI factor) 

Finally, a look at water vapor-rich EGR: 

• Does not significantly reduce engine power output (different from EGR alone) 

• Can get engine NOX emissions compliant (a conservative 40% reduction at peak load) 

• Potentially increases HC emissions 

• Potentially increases CO emissions 

• Potentially increases PM emissions 

• Requires periodic maintenance cleaning (most likely on par with the DOC) 

• Should have a negligible effect on fuel efficiency 

• Can be instituted with off-the-shelf components, or developed in-house (IP owned by Keshi) 

• Requires about 1/3 volume versus conventional EGR strategies (10% rate suggested) 

                                                           
10

 Higher reductions were noted in December testing. 
11

 Average Keshi equipment lifespan is 5 years and the SER is known to last over 8 years. 
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If we were to combine the DOC with the SER and water-rich EGR, we get: 

• Dramatically reduced CO emissions (probably by >90%); emissions compliant (DOC/SER) 

• Dramatically reduced HC emissions (probably by >90%); emissions compliant (DOC) 

• Compliance level NOX emissions (<400 PPM, Water/EGR) 

• 100% elimination of crankcase blow-by emissions (SER) 

• An ROI to offset additional cost/price for customer; fuel savings (SER) 

• Less frequent DOC maintenance cleanings when compared to industry averages (SER) 

• Less frequent EGR maintenance cleanings when compared to industry averages (SER) 

• No reduction in engine life (possibly even extended engine life; SER) 

• No reduction in turbo charger life (SER) 
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VI Considerations Beyond the Numbers 

The “ROI” Factor 

There has been reference to a Return On Investment (ROI) within this document.  Let us explore this to 

discover the real potential for Keshi customers.  First and foremost, if the mines are not emissions 

compliant, they are out of business.  The “privilege” of remaining a viable company has a return all by 

itself.  Beyond that, the cost of fuel can positively impact the total investment for any given piece of 

equipment.  Assuming a fuel consumption rate of 70 liters per 100 km, an annual rate of 30k to 35k 

kilometers per year, at a fuel cost of 7.2 RMB/Liter ($4.37 per gallon), a conservative (yet dyno proven) 

2% decrease in fuel consumption would equate to an annual fuel savings of around ¥3,500 RMB ($566 

US).  If we assume a production cost of around ¥3,500 RMB for the SER, ¥7,000 RMB for the DOC, and 

¥3,500 RMB for the water vapor/EGR hardware, the entire emissions control package (¥14,000 RMB) 

pays for itself in 4 years.  If the equipment typically lasts for 5 years, the customer receives a ¥3,500 

RMB savings the final (5th) year as an extra “thank you” for cleaning up the air. 

Lab testing with the Smart Emissions Reducer at not only Keshi, but also Weichai and Roush have shown 

rock-solid fuel efficiency gains of >2%.  However, field testing has shown consistent fuel economy 

improvements in the >8% range.  To be somewhat conservative, if the Smart Emissions Reducer were to 

deliver real-world savings of a mere 5%, reduce the ROI numbers by a factor of 2.5.  This means the 

entire emissions reduction package (DOC + SER + EGR) breaks even in a little over a year and a half.  

From that point to the end-of-life 5 year point, the customer would save around ¥35,000 RMB ($4800 

US) per piece of equipment! 

The above represents tangible benefits that can be virtually guaranteed.  In addition, the SER can offer 

ROI benefits that are a bit less tangible.  Numerous oil sample tests have shown (circumstantially) that 

the SER reduces carbon, water, and acid content in engine oil.  The oil change intervals have been 

extended from every 2,500 miles (4000 km) to every 4,000 miles (6400 km) by UTZ Quality Snack Foods.  

This is a 35% reduction in maintenance costs to the customer.  Of course, this equates to a savings in the 

cost of oil, filters, and labor (ROI).  The reduction in carbon, water, and acids in the oil suggest the 

engines have the potential to last longer.  If use of the SER prevents one engine replacement per 20 

vehicles over the 5 year life span, this would pay for ALL of the emissions reduction equipment on all 20 

vehicles!  Similarly, this could apply to reduced turbo charger replacements, and so forth. 

With both the DOC and EGR systems, one of the major causes requiring maintenance cleanings is the 

presence of PM in the exhaust.  Since the SER dramatically reduces PM, the other equipment (DOC/EGR) 

would require fewer cleanings, again saving the customer money over the life of the equipment. 

Legal Awareness 

On April 24, 2014 the Chinese Legislature in Beijing passed the Environmental Protection Law which 

offers the Ministry of Environmental Protection (MEP) legal authority to shut down manufacturers that 

violate environmental law, making the MEP the highest level policy-makers on all major environmental 
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issues, grants them the authority to administer serious penalties to environmental offenders, and 

imposes far larger penalties on offenders—which increase ¥10,000 RMB (~$1,600) every single day, 

indefinitely (as opposed to past laws).   As of January 1, 2015, this becomes the law of the land in 

China. 

 What this means is the 1000 PPM CO and 800 PPM NOX limits will no longer be recommended, but 

mandatory and more aggressively enforced.  Although tougher 400 PPM CO/NOX caps have been 

proposed, the current standard is still the 1000/800 PPM cap.  A combination of the Smart Emissions 

Reducer and water vapor EGR (which Keshi could own) could get Keshi vehicles compliant with both CO 

and NOX emissions standards.  No longer will the Chinese Government overlook violations of emissions 

standards.  The MEP has been resolute they will make certain of that.  Keshi can adopt the lower cost 

equipment (SER/EGR) for now and adapt the DOC later when standards require it. 

Knowing the near term trends in the industry, it can be assured that Keshi’s competitors will be adopting 

emissions control equipment to become compliant also.  Their equipment will have an extra cost added 

to their price tag to accommodate the added equipment.  It can almost be a sure bet that their 

equipment will NOT offer any sort of ROI for their customers.  By adopting the Smart Emissions Reducer 

as part of the Keshi Emissions Reduction package, customers have a new reason to choose Keshi over 

the competition when it’s time to purchase. 

Considering the amount of time required to implement a rolling production change, it is strongly advised 

Keshi start on implementing the emissions reduction package immediately to comfortably meet the 

January 1, 2015 deadline. 

The Economics of Good Worker Health 
Understandably, emissions regulations are imposed on coal firing power plants, steel manufacturing 

facilities, and transportation for the benefit of the ambient air we breathe.  However, emissions 

standards imposed on underground mining operations for the benefit of ambient air would mean clouds 

of pollution wafting from the mine entrance to create a formidable threat.  Since this simply is not the 

case, the REAL reason for air quality control in underground mining is the health and well being of the 

workers. 

Once we get past the benevolent “do good for all mankind” philosophy, there is a financial aspect to 

caring for the health of the workers.  Every company on Planet Earth exploits the skills, talents, and 

labor of its employees to produce a product or service considered valuable to consumers willing to pay.  

If you eliminated the workforce from the equation, there would be no commerce anywhere; period!  At 

the turn of the 19th Century, while building the Panama Canal, corporate types viewed the worker as 

expendable.  There were many desperate people lined up to take the job from someone (then) currently 

working to build the canal.  In the case of the Panama Canal, malaria was the health culprit.  In the case 

of underground mines, air quality is the element that can render an otherwise productive worker 

worthless (or even costly) to the company. 
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At the first level, it costs money to interview and hire a new employee.  Once the person is hired, there 

is a training program involved.  During the training program, the new employee usually does not 

produce more than the value of their paycheck.  Thus, there is a period of negative cash flow while the 

new recruit gets up to speed and productive.  High turn-over rates are costly.  It is cheaper to keep 

skilled workers productive than to replace them with new blood. 

Getting beyond the cut-and-dry replacement concept, most workers will either not show up for work 

when faced with health issues, or show up and produce far less than their potential.  It is the latter 

category that becomes the most costly for a company. 

It is well understood within the health community that carbon monoxide robs the blood stream of 

essential oxygen, literally “suffocating” of the cells.  Both muscle tissue and brain cells starve for oxygen.  

Coordination suffers, balance suffers, skills are hindered.  The propensity for mistakes goes 

exponentially skyward.  An industrial accident caused by a worker overwhelmed with CO poisoning can 

cost a company a few thousand RMB in lost productivity, or many millions of RMB in damages due to a 

preventable accident.  Current Chinese emissions regulations focus heavily on CO levels in the ambient 

air within the mining arena. 

In addition to concerns for elevated CO levels, diesel exhaust particulate matter (PM) has a detrimental 

effect on worker productivity and safety.  The World Health Organization (WHO) has deemed diesel 

exhaust to be a [cancer causing] carcinogen.  Many other health organizations world-wide concur.  This 

means workers die at a young age and new workers are needed to replace them (with the costs of hiring 

and training, and often worker’s disability).  In the short term, diesel PM contributes to nausea, altered 

consciousness, blurred vision, loss of coordination, and even lost consciousness (fainting).  For decades, 

study after study has shown conclusively the connection between the health of workers and 

productivity; the marketable yield per paid man hour of labor. 

Although less tangible, healthy workers contribute to higher profits.  So in addition to the fuel savings, 

extended component life, and reduced maintenance savings, healthier workers contribute to higher 

profits per paid man-hour of labor. 
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VII Summary 

The purpose of this document is 2 fold; to explore the test data from May, 2014 where the Smart 

Emissions Reducer was tested on a new Cummins 5.9 liter turbo diesel, and to explore options for Keshi 

to be emissions compliant with the newly heavily enforced emissions requirements. 

• SER shows a dramatic reduction in PM emissions, which affect the health of other emissions 

reduction technologies (in addition to total air quality contribution). 

• The SER showed the ability to dramatically reduce carbon monoxide (CO) in the areas of engine 

operation where it is needed the most, under heavy load.  CO reductions were upwards of 30%.  

The SER showed the ability to meet current CO standards by itself. 

• The SER also showed a consistent improvement in fuel economy of 2% to 3%. 

• The SER can save customers money in other areas as well; oil changes, engine life span, etc. 

• An emissions reduction package that includes the Smart Emissions Reducer, a Diesel Oxidation 

Catalyst, along with a water/exhaust gas recirculation system will comfortably and profitably 

help Keshi be compliant. 

• As a package, it is strongly suggested that not only will Keshi equipment be found in compliance 

with the emissions laws, but offer customers a Return on Investment (ROI) in as little as a year.   

• Customers have a financial incentive to purchase Keshi equipment over the competition. 

  



34 

 

VIII Glossary of Terms 

Aldehydes – any of a class of organic compounds, in which acarbon atom shares a double bond with 

an oxygen atom, a single bond with a hydrogen atom, and a single bond with another atom or group of 

atoms.  Aldehydes can also be categorized as SOFs. 

BFSC – Brake Specific Fuel Consumption; the amount of fuel in grams is consumed to put out one kW for 

one hour (g/kWH), the lower this number, the more efficient the engine is operating. 

Blow-By Gas – Also known as crankcase gasses, a mixture of HC, CO, CO2, H2O, sulfides, nitrates, and 

nitrogen.  On older diesel engines (and many off-road applications), these gasses are simply vented to 

the atmosphere through a “dump tube”.  On newer engines, they are filtered and recirculated back into 

the intake air charge.  Blow-by gasses typically contribute between 3% and 20% of the total engine’s 

toxic emissions.  On a typical mid-life engine, it is about 9.84% of total emissions. 

Carbon Dioxide (CO2) – A colorless, odorless gas normally present in the atmosphere in approximately 7 

parts per million (PPM).  It is a normal by-product of complete combustion of hydrocarbon based fuels.  

In emissions testing, CO2 is used as a verifier gas to ensure the accuracy of other readings.  CO2 is also 

the standard for comparing the greenhouse gas potential of other gasses with a GHG score of 1. 

Carbon Monoxide (CO) – A colorless, odorless gas that represents incomplete combustion of hydro-

carbon fuels.  CO is a radical that seeks oxygen to stabilize as CO2.  When inhaled, it robs the blood 

stream of oxygen, causing light-headedness, dizziness, and/or nausea.  CO is a part of the total exhaust 

gasses that is regulated in most countries around the world for virtually every combustion application.  

CO carries a GHG score of 3. 

CCV – Closed Crankcase Ventilation; recirculating the blow-by gasses from the crankcase back into the 

intake air charge on diesel engines; similar to a gasoline engine’s Positive Crankcase Ventilation (PCV) 

system. 

Diesel Oxidation Catalyst (DOC) – An exhaust after-treatment device used to dramatically reduce CO 

and HC emissions on diesel engines; very similar to a gasoline engine catalytic converter. 

DPF – Diesel Particulate Filter; an exhaust after-treatment device for diesel engines like the DOC but 

more effective and costly; requires electronic controls. 

EGR – Exhaust Gas Recirculation; a method of reducing NOX emissions by reintroducing combusted 

exhaust gasses back into the intake air charge.  The exhaust gasses constitute mainly N2, CO2, and H2O 

which contributes neither as an oxidizer nor as a fuel source.  This effectively slows down the flame 

propagation which lowers peak combustion temperatures. 
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Emissions – For the purpose of this Report, emissions refers to the gasses expelled from the crankcase 

ventilation and exhaust systems, primarily the gasses that are deemed toxic and regulated (HC, CO, PM, 

and NOX). 

Expansion Medium – All gasses in the combustion chamber that absorb thermal energy and expand to 

create pressure (to force the piston downward in the cylinder bore).  These gasses include N2, H2O, and 

CO2 predominantly, but to a lesser degree would include any gas present in the combustion chamber. 

Hydrocarbon (HC) – Raw fuel vapor found in the exhaust gasses of virtually every petrochemical 

combustion application.  Engineers break HC down into methane (CH4, GHG score 21) and Non-Methane 

HydroCarbon (NMHC, GHG score 12), as methane is considered a more dangerous greenhouse gas. 

K/m – A measurement of opacity in diesel exhaust; Light Absorption Coefficient (m-1), where the 

maximum value possible is 8.0. 

Mode(s) – The Modes of testing signify a load and engine speed.  The Keshi testing utilized 6 Modes of 

operation.  This is based on the more universal 13 Modes adopted by EURO and EPA protocols. 

N% - A measurement of opacity in diesel exhaust; based on Hartridge Smoke Units (HSU) ranging from 

0.00% to 100%. 

Nitrogen – One of the basic elements that in diatomic form (N2) constitutes approximately 78% of the 

earth’s atmosphere.  When combined with oxygen molecules under high heat, it forms NO, NO2, and 

N2O; grouped together categorically as NOX. 

Nm – A measurement of torque; Newton Meters; N·m.  One Nm of torque is equivalent to one joule 

per radian. 

NMHC – Non-Methane HydroCarbons; any HC compound other than methane; typically ethane (C2H6) 

and larger. 

N2O – Nitrous Oxide; one of the constituent gasses grouped as NOX; considered an extremely powerful 

greenhouse gas with a score of 296.  Typically found in minute amounts within petrochemical 

combustion exhaust gasses. 

NO – Nitric Acid; a result of atmospheric nitrogen and oxygen “burning”.  In sunlight, NO combines with 

atmospheric oxygen to form NO2 and O3 (ozone).  NO is a contributor to “acid rain”. 

NO2 – Nitrogen Dioxide; 

O2 – Oxygen gas; approximately 20.8% of atmospheric air.  Oxygen is used in combustion to convert HC 

to H2O, CO2, and heat.  For emissions testing purposes, oxygen is used as a verifier gas only to ensure the 

accuracy of other readings. 
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Oxidizer – Any compound containing primarily oxygen capable of promoting the conversion of one 

compound to 2 or more other compounds containing oxygen atoms; in the context of this Report, the 

oxygen gas (O2) in the atmospheric air. 

PM – Particulate Matter; solid matter contained in the exhaust from combustion of hydrocarbon based 

fuels as smoke.  PM is made up primarily of carbon and carbon based compounds, but may also contain 

compounds containing sulfur. 

PPM – Parts Per Million; a sensitive gauge for measuring gaseous elements where percentages are too 

broad.  One PPM is equivalent to 0.000001 or 1 X 10-6.  

ROI – Return on Investment; a term used to quantify the value of an investment which is expected to 

deliver a cost savings in some other area; usually delineated in time frame increments of months or 

years. 

RPM – Revolutions Per Minute; a unit of measurement to determine engine speed. 

SCR – Selective Catalyst Reduction; an exhaust after-treatment device for diesel engines that primarily 

targets reduction of NOX emissions; requires an ammonia-based urea fluid and electronic controls. 

SER – Smart Emissions Reducer; a low-temp catalyzing device that is placed in the crankcase ventilation 

system on an engine, gasoline and diesel. 

SOF – Soluble Organic Fraction; The organic fraction of diesel particulates. SOF includes heavy 

hydrocarbons derived from the fuel and from the engine lubricating oil. The term “soluble” originates 

from the analytical method used to measure SOF which is based on extraction of particulate matter 

samples using organic solvents. 

Sulfates – Various molecular compounds containing sulfur, a resultant emission from the combustion of 

hydrocarbon fuel containing sulfur; SO2, SO3, SO4 & H2SO4.  

THC – Total HydroCarbon emissions; methane (CH4) emissions combined with non-methane 

hydrocarbons (NMHC) in exhaust and crankcase gasses. 

Torque – A measurement of rotational force exerted by the engine’s crankshaft; denoted as Newton 

Meters (Nm). 

ULSD – Ultra-Low Sulfur Diesel fuel; predominantly available in the United States, diesel fuel containing 

no more than 15 ppm sulfur; required for DPF and SCR devices. 

Water Vapor – In terms of exhaust gasses, a natural by-product of combustion (H2O).  HC + O2 = CO2 + 

H2O.  A specialty term used to indicate the highly humid exhaust gasses emitted from Keshi equipment 

after passing through their unique cooler/flash-back apparatus.  

Zeldovich Mechanism – A scientific method of compensating for changes in ambient temperature and 

humidity for NOX emissions values.  
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