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I have personal knowledge of the matters contained in this report and if called as a
witness I could, and would, competently testify as to the matters discussed herein.

1. Background
My name is Jacob A. Wall. I am currently employed as a Mechanical Engineer for
EnergySolutions located in Richland, WA. I completed my Master’s of Science in
Biological and Agricultural Engineering from the University of Idaho in 2009. During my
Master’s Degree program I researched the production and utilization of biofuels.
As an independent research project, while attending the University of Idaho, I
investigated the application of electrolysis products to engines. This project included
extensive journal research of the available technical literature related to hydrogen
enriched hydrocarbon combustion. The journal research culminated in a journal review
paper titled, “Effect of Hydrogen Enriched Hydrocarbon Combustion on Emissions and
Performance”. This paper was published, “open-source” on the Panacea University
website and consequently mirrored on many other websites. I have recently republished
a revised version of this paper for the Conference Proceedings of the 17th Annual NPA
Conference. I have presented my research results from this project at the 2008
Alterative Energy and Wellness “Show ‘N Tell” Conference in Ruskin, Florida and the
2009 Alternative Energy Partnership “Show ‘N Tell” Conference in Waldorf, Maryland.
These presentations are viewable on my YouTube website
(http://www.youtube.com/jakerwall).
My research on the application of electrolysis products to engines led me to investigate
the proper design and fabrication techniques for the construction of a common-ducted
electrolysis unit. In order to test electrolysis products on an engine, I retrofitted a 50 cc
Honda Scooter to operate with a “home-made” electrolysis unit, powered by an auxiliary
battery, to supplement its normal gasoline consumption. I operated the scooter with the
electrolysis unit installed as my primary form of transportation for an entire summer.
With this experimental setup, I observed improved throttle response with the electrolysis
unit in operation.
My results from the supplementation of electrolysis products to the scooter engine led
me to experiment with running the scooter engine at idle, completely from the output of
an electrolysis unit that was powered by an external power supply. The scooter was
able to maintain idle at electrical input as low as about 140 Watts. This research project
is documented on my YouTube website.
I am continually performing independent research on the properties and application of
electrolysis products to engines and burners. Currently, I am researching using
electrolysis products to improve combustion in my personal vehicle. Another project I am
working on is a validation study to improve the efficiency of a 5 kW Briggs and Stratton
Electric Generator using combustion enhancement with electrolysis products. I am
actively searching for an opportunity to pursue the research of the combustion of
electrolysis products for a PhD dissertation in Mechanical Engineering.
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I have not personally performed tests using the Hydro Assist Fuel Cell (HAFC) system
and have not verified any of the claims made about the system. My purpose in writing
this report is to present my independent review of the technical literature and provide
information and data that support the following statements:
a. Review of the technical literature shows a discrepancy between the experimental
data and theoretical calculations for application of compressed hydrogen compared
to experimental data using electrolysis products (Brown’s Gas) directly from a
common-ducted electrolysis unit for use as a combustion aid in internal combustion
engines. Electrolysis products taken from a common-ducted electrolysis unit can
also be referred to as Brown’s Gas, hydroxy or HHO.
b. Experimental data shows that the composition of electrolysis products taken directly
from a common-ducted electrolysis unit is very different than compressed hydrogen,
compressed oxygen or mixtures of compressed hydrogen and oxygen. Also,
combustion of electrolysis products exhibits properties and behaviors that are
different than combustion of compressed hydrogen or mixtures of compressed
hydrogen and oxygen.

2. Review of Technical Literature
Compressed Hydrogen
Many studies have been conducted using compressed hydrogen to improve combustion
in engines; these studies include research by many universities. [1,2,3,4,5,6,7] The
following list summarizes a sample of the results of these studies.
•

•

•

Sher, et al found, for the operation conditions used, the brake specific fuel
consumption was reduced by 10 to 20% by addition of hydrogen to gasoline mass
ratio of 2 to 6%. [1]
Shrestha and Narayanan found, under lean conditions adding 3% hydrogen to an
spark ignited engine running on landfill gas increased the thermal efficiency of that
engine by 15.07% and the power output by 12.5%. [2]
Saravanan and Nagarajan found, under optimized diesel engine operating conditions
addition of 7.5 liters/min of hydrogen produced a brake thermal efficiency increase of
9% as compared to normal diesel operation. [3]

“Simulating” Electrolysis Products
Although many studies have been conducted to investigate the adding of compressed
hydrogen to improve combustion in engines, only a few have looked at the addition of
the products of water electrolysis. Several researchers have performed theoretical or
“simulated” experimental studies on the beneficial effects of adding water electrolysis
products to engines. In these studies, the products of water electrolysis are assumed to
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be a 2 to 1 ratio of diatomic hydrogen and diatomic oxygen, excluding any radicals
contained in the electrolysis products. [4,5,6,7]
Shrestha and Karim have conducted extensive research into engine performance and
operating parameters. From this research, they developed an experimental model to
predict engine performance for varying operating conditions. In the paper, “Hydrogen as
an additive to methane for spark engine applications” the experimental model was used
to predict the performance of a methane fueled engine enhanced with hydrogen and
hydrogen/oxygen mixtures. This model data was compared to the efficiency of a
standard electrolysis based hydrogen generating process. From this comparison, it was
determined that no significant engine performance improvement could be realized when
the energy to produce the hydrogen was taken from the engine system. [4]
Henshaw et al. have published several papers investigating the effects of adding
electrolysis products on hydrocarbon combustion. In the paper titled, “Effects of addition
of electrolysis products on methane/air premixed laminar combustion” the CHEMKIN
simulation software was used to determine the effects of adding electrolysis products to
combustion. It was found that 10% and 20% hydrogen addition improved the lean
flammability limit, of the air/fuel mixture, by 2% whereas 10% hydrogen/oxygen improved
the lean flammability limit by 5%. The addition of 10% hydrogen/oxygen improved the
flame speed by the same amount as the addition of 20% hydrogen. [6]
In the papers, “The addition of hydrogen to a gasoline-fuelled SI engine” and
“Investigating combustion enhancement and emissions reduction with the addition of 2H2
+ O2 to an SI engine, experimental studies were conducted to determine the effect of
“simulated” electrolysis products compared to compressed hydrogen for combustion
enhancement in an internal combustion engine. In order to prepare the “simulated”
electrolysis products test mixture, a tank was filled with 97% air, 2% H2 and 1% O2. This
mixture was used as the air intake for the test engine for the “simulated” electrolysis
product enhancement experiments. The hydrogen test mixture was prepared by filling a
tank with 98% air and 2% H2. This mixture was used as the air intake for the test engine
in the hydrogen enhancement experiments. The test mixtures were prepared in this
manner to insure the mixtures were below the flammability limit of hydrogen in air.
These studies provided experimental data for the enhancement of the gasoline fuel with
mixtures of hydrogen and “simulated” electrolysis products. The results were compared
to the baseline engine operation. The resulting performance increase of the enhanced
engine was compared to the output and efficiency of a commercially available
electrolysis unit. From this comparison, it was found that the performance increase of
the hydrogen and “simulated” electrolysis product enhancement would not make up for
the energy cost of the electrolysis process. The results were presented with the caveat
that optimization of the engine’s spark timing and use of actual electrolysis products
could improve the outcome. [5,7]
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Experimental Studies Using Electrolysis Products
There are several research studies that have been conducted using electrolysis products
taken directly from an electrolysis unit. Two studies were conducted using a diesel
generator supplemented with electrolysis products. [8,9] Studies have also been
conducted, to determine the effects on automobile engine performance of adding
electrolysis products produced on-board using power from the vehicle’s alternator.
[10,11] These studies found performance increases even when the power required by
the electrolysis process is taken from the engine system. The results of these studies
are quite different than the results of the “simulated” electrolysis products studies.
In the paper titled, “Effect of H2/O2 addition in increasing the thermal efficiency of a
diesel engine”, electrolysis products that were produced directly from a commercial
water electrolysis welding unit were added to a 4 liter diesel engine. The engine was
operated under constant speed and the load. The amount of electrolysis products added
to the engine was varied to determine their effect on engine efficiency and performance.
Although the electrolysis unit was powered from an external power supply, the power
needed to produce the electrolysis products was included as an energy input in the
engine’s thermal efficiency calculation. This study found that increases in thermal
efficiency and decreases in fuel consumption could be obtained. Figure 1 and 2 provide
a summary of the results of this study. Figure 1 shows the effect of the addition of
electrolysis products, in percentage of total diesel equivalent, on brake thermal
efficiency. Figure 2 shows the effect of the addition of electrolysis products, in
percentage of total diesel equivalent, on percentage of fuel savings. From these figures
it can be seen that, for this experimental setup, increasing the percentage of electrolysis
products increased the thermal efficiency and the fuel savings. [8]

Figure 1: Variation of brake thermal efficiency with electrolysis product percentage. [8]
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Figure 2: Variation of fuel saving with electrolysis product percentage. [8]

In the paper, “Effect of hydroxy (HHO) gas addition on performance and exhaust
emissions in compression ignition engines, electrolysis products were produced by a
small common-ducted electrolysis unit powered by the engine system and added to the
engine to increase thermal efficiency, fuel efficiency and decrease emissions. The test
engine was a 4 liter direct-injection diesel. A dynamometer was connected to the
engine, which adjusted the load to maintain a constant engine speed. The engine
speed, power output, specific fuel consumption and emissions were recorded using a
data logger. Each test run was performed in triplicate and the results averaged to
improve accuracy.
An electronic control system was developed to vary the energy input applied to the
electrolysis system based on engine speed. It was found that when a constant flow rate
of electrolysis products was added to the engine, without the control system, the results
were less favorable than the control case. The electrolysis system was supplied with
120 watts at engine speeds above 1750 rpm and 50 watts below 1750 rpm.
This study found that the engine, using combustion enhancement by the electrolysis
system, produced an average of 19.1% increase in torque compared to normal diesel
operation. It was also found that an average decrease of 14% in specific fuel
consumption was achieved compared to normal diesel operation. Figure 3 shows the
effect of the electrolysis system on engine torque over the range of engine speed.
Figure 4 shows the effect of the electrolysis system on specific fuel consumption. From
these figures it can be seen that torque is greater and the fuel consumption is reduced
with the electrolysis system in operation compared to normal diesel operation. [9]
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Figure 3: Variation of engine torque with engine speed. [9]

Figure 4: Variation of specific fuel consumption with engine speed. [9]

In the paper, “Fuel economy improvement by on board electrolytic hydrogen production”,
an on-board electrolysis system powered by the automobile’s alternator, was tested on
four vehicles. The system was evaluated to determine it’s effect on fuel consumption.
Driving tests were conducted under city traffic conditions. Table 1 shows the average
increase in fuel economy for the vehicles tested. This table shows that fuel economy
increases ranging from 26.3% to 42.9% were obtained. [10]
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Table 1: Kocaeli University electrolysis system test results. [10]
Kocaeli University Electrolysis test results
Vehicle

1993
1996
1992
1992

Volvo 940
Mercedes 280
Fiat Kartal
Fiat Dogan

% Increase Fuel Economy
42.9%
36.4%
26.3%
33.3%

In the paper, “A field study of the effects of the hydrogen generating system on power,
fuel economy and emissions in gasoline and diesel engines”, real world fuel economy
data was collect and analyzed for a commercial electrolysis system. This study
analyzed 33 fuel economy logs obtained by customers of the system. Table 2 shows
detailed logs of two vehicles comparing baseline fuel economy data to the fuel economy
obtained using the electrolysis system. From this table it can be seen that, for these two
vehicles, significant fuel savings were obtained. Table 3 shows the averaged fuel
savings for the 33 vehicles. This table shows that fuel savings could be obtained for a
wide range of vehicles. The average fuel savings, across the range of vehicles, was
20.0%. [11]
Table 2: Detailed fuel savings with electrolysis system. [11]
Detailed Fuel Savings
1994 Ford Bronco. V8. 5.0L Engine
# Fills MPG L/100 km
Baseline
7
14.7
19.5
W/ System
14
22.6
12.8
% Fuel Savings
53.7
34.3
1998 Volvo VN Diesel 12.7L Engine
# Fills MPG L/100 km
Baseline
3
6.2
46
W/ System
13
7.35
38.4
% Fuel Savings
18.5
15.6

Table 3: Fuel savings with system by engine size. [11]
Fuel savings by engine size
# of
Engine
Vehicles Size (L)
7
6
8
4
3
5
33

1.8-3.3
3.4-4.3
5.0-5.2
5.6-5.9
7.3,7.5
12.0,12.7
1.8-12.7

Model
Years

Savings
(%)

Deviation
(%)

1984-1995
1974-1997
1986-1996
1992,1996
1995,1996
1995-1998
1974-1998

20.7%
20.8%
24.9%
12.4%
24.0%
13.4%
20.0%

4.1%
15.6%
8.5%
8.7%
6.8%
1.8%
9.2%

The manufacturer of the electrolysis system used in this study, is currently marketing an
updated system under the trade name “Hy-drive”. According to the company’s website,
the system is being marketed for fuel economy and emissions improvement on CAT
diesel engines. Tests are claimed to have been conducted by an independent third
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party, following the TMC/SAE J1321 test protocols. The system is claimed to provide an
overall average fuel savings of 10.47% (http://www.hy-drive.com/).
Analysis of Electrolysis Products
A typical water electrolysis unit produces hydrogen at the cathode electrode and oxygen
at the anode electrode. A barrier is used to separate the two gases, allowing them to be
collected separately. The simplest example of this type of electrolysis system is the
Hoffman device (See figure 5). The water electrolysis units typically used for generation
of electrolysis products for combustion enhancement of engines do not have a barrier
separating the gases coming from the electrodes. The entire mixture of gases produced
from a water electrolysis unit that is specifically designed to electrolyze water and not
separate the gases coming from the unit are often referred to as Brown Gas, HHO or
Hydroxy.

Figure 5: Hoffman Device for water electrolysis.

Electrolysis products, from a common-ducted electrolysis unit, have been shown to
exhibit very unique properties. One property of the combustion of the electrolysis
products is the ability to produce a different flame temperature at point of contact
depending on the target material. [12,13] The gases have been shown to have the
ability to weld metals and ceramics with very high melting temperatures, such as
tungsten. Research has shown that the burning temperature of electrolysis products can
produce temperature as high as 6000°C while normal hydrogen is only 2700°C.
[13,14,15] Currently, research is being conducted in Korea for using a burner, fueled by
electrolysis products, for the vitrification of solid waste incinerator ashes. [16]
Several researchers have conducted mass spectrum analysis of the products of
common-ducted electrolysis units. These experiments show that electrolysis products
contain many components that are different than what would be expected from mixture
containing normal compressed hydrogen and oxygen. [12,13]
Research conducted by Dr. Santilli, has found that the molecular weight of commonducted electrolysis products is greater than what would be expected from a mixture of
hydrogen and oxygen gases at a 2 to 1 ratio. Gas Chromatographer data also shows
several components in the gases that are unique, including normal hydrogen, normal
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oxygen, atomic hydrogen, atomic oxygen, radicals of OH and HO, and several
unexpected new species of molecules. [13]
Student researcher Chris Eckman has successfully replicated Dr. Santilli’s analysis of
common-ducted electrolysis products. Mass Spectrum analysis conducted at Idaho
State University shows that the mixture of gases contains similar components to Dr.
Santilli’s results. Figure 6 shows a mass analysis of electrolysis products from a
common-ducted electrolysis unit. This data was taken using a Tandem Mass
Spectrometry (MS/MS) with an accuracy of 5% standard deviation. This analysis has
led to a research study being conducted, by a research group at MIT, to find cutting
edge, new applications for this very unique gas. [12]

3. Conclusion
1. Introduction of compressed hydrogen gas into the intake of an internal combustion
engine can improve the efficiency and performance of that engine.
2. Performing theoretical and experimental studies attempting to “simulate” electrolysis
products from a common-ducted electrolysis show that using the engine output to
power the electrolysis process should not lead to an overall increase in efficiency of
the system.
3. Experimental studies using electrolysis products (Brown’s Gas) taken directly from a
common-ducted electrolysis unit to improve the efficiency of the engine system,
suggest that efficiency gain can be obtained even when the electrolysis is powered
from the engine system. The results of these studies show that an average increase
of 20% in fuel economy can be obtained over a wide range of engines. Individual
engines were able to achieve much greater results. This suggests that there is a
significant difference between compressed hydrogen, mixtures of compressed
hydrogen and oxygen at a 2 to 1 ratio and electrolysis products (Brown’s Gas) taken
directly from a common-ducted electrolysis unit.
4. Analysis of common-ducted electrolysis products show that the mixture contains
components that are unique and very different from what would be expected from a 2
to 1 ratio of compressed hydrogen and oxygen.
5. Research investigating the properties and applications of electrolysis products from a
common-ducted electrolysis unit is greatly lacking in the technical literature. Further
research should be conducted before discounted the results that could be obtained
from adding common-ducted electrolysis products (Brown’s Gas) to internal
combustion engine systems.
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Figure 6: Mass Spectrum Analysis of Electrolysis Products [12]
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