
 

 

 

 

 

 

 

 

Bio-Eco-Hybrid Fuels:  

Emulsion Fuel for Sustainable Transportation and Power 

 

A White Paper 

 

 

 

 

 

Scott J. Eaton, Ph.D. 
Chief Technology Officer 

seaton@seachangegroupllc.com 

 



Bio-Eco-Hybrid Fuels 

SeaChange Group LLC ©2016                                                                                                                                          Page 2 

Overview 

 Concerns over fuel cost volatility, climate change and air pollution 

has motivated a shift to cleaner burning, domestically produced fuels to 

service the heavy transportation, heat and power production industries. 

Numerous emerging fuel technologies have promised to address these 

concerns, but have been proven un-economical, even under petroleum 

price boom scenarios. SeaChange Group LLC offers fuel emulsions which 

uniquely address the costs and environmental concerns associated with 

imported petroleum energy use. Through emulsification technology, low-

cost bio-components can be blended into existing fuel products to create 

families of cost-effective “drop in” fuels which exhibit exceptional 

combustion characteristics and reduce unwanted air emissions.  

 

Our patented Bio-Eco-Hybrid Fuel (Bio-EHF) solutions offer viable 

alternative energy options to improve the environmental sustainability 

within the following target applications. 

 Off-road engines 

o Maritimes  

o Rail 

o Construction 

 Stationary power and steam 

 Residential/commercial heating      

 

Background 

 SeaChange Group LLC, with our academic partner Maine 

Maritime Academy, has been pioneering emulsion fuel technology since 

2009. With support from the National Science Foundation and Maine 

Technology Institute, we have developed expertise in the production and 

testing of emulsion fuels under stringent application conditions. Our work 

has demonstrated that oxygen-rich compounds offer many combustion 

advantages when properly emulsified into traditional fuels. Glycerol, a bi-

Bio-Eco-Hybrid Fuel 

- “Drop in” emulsions 

- Cost Effective 
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product of biodiesel manufacturing, is such a molecule. It is comprised of 

over 50 wt% oxygen which under proper combustion conditions can 

improve burning characteristics of traditional fuels and inhibit the 

formation of particulate matter (soot). Since glycerol is bio-renewable, its’ 

use offsets greenhouse gas emissions. In addition, water can be added to 

the glycerol in amounts between 5-25 wt% to further inhibit NOX 

formation and improve cold flow performance.  

These attributes are important to the maritime, rail, heavy 

equipment (e.g., earthmoving), and stationary power applications which 

are all facing new, increasingly stringent emissions regulations.  These 

industries operate either internal combustion engines or open flame burner 

systems which can consume traditional #2 distillates and biodiesel. 

Domestically, the average daily consumption rate from these industries is 

832,000 barrels according to the Energy Information Agency’s most 

recent 2010 figures. This accounts for 23% of all #2 distillates consumed. 

Current and emerging regulations place firm limits on diesel exhaust air 

emissions of sulfur, particular matter (soot), NOX, carbon monoxide and 

unburned hydrocarbons (THC).  

SeaChange Group LLC’s Bio-Eco-Hybrid Fuels can help address 

these concerns. Our emulsions comprise of the following fuel components. 

Percentages are varied to meet specific application requirements meeting 

either low cost or superior performance targets. 

  

 

  

 

 

 

 

 

 

Component Blend % (wt/wt) 

Biodiesel (B20-B100) 60-90 

Glycerol 5-35 

Water 0-8 

Surfactants 1-5 
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Fuel Emulsion Basics 

Emulsification is a technique for incorporating aqueous-phase 

materials into oils, such as diesel or biodiesel. This process uses intense 

liquid shearing forces to create a fine dispersion of droplets, typically on a 

micron- or nano-scale, within the bulk oil. The dispersed droplets 

containing glycerol and water give the fuel its milky appearance.  

 

 

Surfactant molecule(s) stabilize the oil-water interface and stop the 

droplets from coalescing; a process in which droplets merge and grow. 

Surfactants are a class of molecules comprised of both a lyposcopic “oil-

loving” and hygroscopic “water-loving” structure. When introduced into a 

dual-phase liquid, like biodiesel and glycerol, they preferentially align at 

the liquid-liquid interface stabilizing the droplet. The stabilization 

potential of a particular surfactant depends on its structure and the glycerol 

droplet/ fuel interface conditions. Without surfactants, the glycerol and 

fuel would separate within minutes, whereas Bio-Eco-Hybrid Fuel has 

demonstrated stability for over 1 year. Our surfactants have been carefully 

optimized and play an important role in fuel manufacturing.  

Biodiesel/glycerol Bio-Eco-Hybrid Fuel 

Emulsification 

Hundreds of 

surfactants were 

analyzed to 

develop Bio-EHF 

for long-lasting 

performance.  
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Why Use Glycerol? 

Glycerol is a plentiful bio-renewable resource primarily produced 

during transesterification of plant lipids (triglycerides), notably as the by-

product of biodiesel production.  In 2013, nearly 1.8 billion gallons of 

biodiesel were produced domestically which equates to approximately 132 

million gallons of glycerol. There is enough glycerol to offset 

approximately 2 million barrels of diesel fuel energy.  At the time of this 

publication crude glycerol sold for approximately $0.08-0.12/lb or about 

half the cost of diesel per energy unit. Therefore, it is an advantageous fuel 

source to pursue.  

Glycerol is a 3-carbon tri-ol that is water-soluble with high fuel-

bound oxygen (52 wt. %). This oxygen rich molecule offers high lubricity 

reducing mechanical wear and helps to promote complete combustion of 

traditional fuels by reducing rich combustion zones and the resulting soot 

emissions. Glycerol also burns clean with a low adiabatic flame 

temperature reducing in-cylinder temperatures and restricting the 

formation of thermal NOx emissions. The low combustion temperatures 

can be further reduced if a small amount of water is introduced which acts 

as a thermal sink during combustion processes.  

 

 

Property Glycerol ULS Diesel Biodiesel 

flash point (°C) 160 60 130 

kinematic viscosity at 25°C (cSt)  741 4 8 

higher heating value (MJ/kg) 19 44.3 40.1 

specific gravity at 25°C (g/mL) 1.26 0.84 0.87 

Adiabatic flame temperature (K) 2210 2380 2680 

Surface tension at 25°C (mN/m) 62 28 32 

Estimated energy cost ($/GJ) 9.28-11.8 16.1-20.2 22.6-24.3 

 aCrude glycerol at $0.08-0.12/lb.     bDiesel at $0.60-0.75/L      cBiodiesel at $0.79-0.85/L 

 

 

 

Glycerol  
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Importance of Glycerol Quality  

Glycerol used in Bio-EHF products must meet quality thresholds. 

Transesterification results in a crude glycerol containing many impurities; 

methanol, water, soap, ash and other organic materials.  The crude 

glycerol composition can vary markedly depending on the feedstock used 

and the method of manufacture.  

 

Methanol:  

Methanol is a volatile organic contaminant found in crude glycerol. 

It is commonly used as the methylation agent during transesterification. 

Methanol is highly flammable and an expensive consumable during 

biodiesel manufacturing. It is commonly recycled in biodiesel operations 

through a stripping process. Bio-EHF manufacturing requires that 

methanol levels in glycerol be below 0.2 wt%.  

 

Salts:  

Straight run glycerol from biodiesel manufacturing is typically 

alkaline due to the use of sodium or potassium hydroxide catalyst used to 

run the transesterification process. These salts are soluble in glycerol and 

can be found in levels between 2-5 wt%. Internal combustion engines are 

intolerant of salts as they are corrosive and form severe engine deposits. 

Bio-EHF manufacturing requires glycerol desalination to achieve parts per 

million level of fuel born ash.  

  

Water:  

A major advantage of Bio-EHF fuels compared to other glycerol 

energy projects is that the emulsions are tolerant of water. Crude glycerol 

may have water content between 8-12 wt % depending on source. This 

water promotes Bio-EHF manufacturing and contributes to the fuels low 

emissions characteristics.  
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The Use of Biodiesel 

According to the USEPA, biodiesel used in place of ultra-low 

sulfur diesel (ULSD), its nearest petroleum competitor, and substantially 

reduces unburned hydrocarbons by 67%, carbon monoxide by 48%, and 

particulate matter by 47% for the same service. The US Departments of 

Energy and Agriculture indicate biodiesel reduces carbon dioxide (CO2) 

emissions by 78.5% compared to petroleum diesel fuel.  However, nitrous 

oxides (NOx), a regulated greenhouse gas can be emitted at slightly 

increased levels by biodiesel compared to ULSD for the same service.  

Bio-EHF development will target blends that negate biodiesel air emission 

concern and reduce NOx to below equivalent use petroleum diesel levels. 

 Using biodiesel aligns our emulsion technology with the biodiesel 

producer business, from manufacturing through end use.   

 

Bio-Eco-Hybrid Fuel Handling Characteristics 

Combustion and fuel handling characteristics of Bio-Eco-Hybrid 

Fuels are primarily dictated by the bulk fuel components (i.e. proportion 

of diesel, biodiesel, glycerol, water); while shelf-stability and droplet 

durability are controlled by surfactant chemistry.  Droplets of glycerol and 

water are well dispersed in the bulk fuel which preserves the low viscosity 

 

 

 

 

 

 

 

 

 

 

 

Bio-EHF products 

conform to strict 

fuel application 

specifications. 

Typical Bio-EHF 

products exceed 

fuel quality 

indicators. 
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nature of the base fuel. Further, the dispersion of micron size droplets 

allows the fuel to comply with common filtration requirements, such 

cartridge and Racor-style filters with particle cut-offs as low as 1 micron. 

Filtration performance is maintained to low temperatures (< -20°C) as 

shown for fuels exhibiting cold soak filter times less than 200 seconds. 

Water addition improves cold filter plugging performance.  

 

 

 

 

 

 

 

 

 

 

Fuel Injector Performacne 

 Size reduction and dispersion of glycerol droplets also promotes 

better fuel injector performance. Glycerol’s large kinematic viscocity 

(>700 cSt. At 50°C) and high surface tension (>62 mN/m at 25°C) results 

in poor fuel atomization when used as stand alone fuel. Under tranditional 

diesel operation, glycerol injection yields fuel jets or “streamers” which 

lead to poor combustion chamber mixing and late ignition phasing of the 

engine. Conversely, B100 biodiesel, under similar conditions, produces 

the desired wide angle fuel spray with high atomization potentials leading 

to good combsustion chamber fuel mixing. When formulated into Bio-

EHF products, glycerol is successfully atomized during the fuel injection 

process as shown resulting in superior combustion performance. Fuels up 

to 50 wt% glycerol have been combusted in stationary marine diesels.  

 

 

Method:  
Modified ASTM D7901-12a 

20 wt % glycerol/water in diesel 
G:W = glycerol to water (wt/wt) 
Filter: 0.7 μm paper 
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   Reducd Energy Density 

Increasing the concentration of glycerol and water in the fuel 

improves cost effectiveness and total emission reductions, but reduces fuel 

energy density compared to traditional fuels. Equivalent power output is 

achieved with 10-15 % higher fuel consumption rates compared to diesel. 

 

 

 

Most stationary power and heat generation applications are tolerant of the 

increased fuel consumption as fuel storage is not an integral component of 

the operation. Applications requiring mobile fuel storage, such as off-road 

transportation, may limit the amount of glycerol and water which can be 

consumed.  Continued application development will provide case study 

data to determine optimal Bio-EHF formulations.    

 

Bio-Eco-Hybrid Diesel Combustion   

 Bio-EHF fuels are demonstrated to offer high combustion 

efficiency and reduced NOx and particulate matter (soot) emissions from 

diesel  engines. Proof-of-concept work for our emulsions technology was 

complete in 2011 at the Oak Ridge National Laboratory’s Fuels, Engines 

and Emissions Research Laboratory using a single-cylinder research 

engine to monitor combustion performance and measure engine out 

emissions.  This facility is a US Department of Energy research laboratory 

Diesel Energy 

Equivalent 

Bio-EHF 

Energy Density 

Range 

Glycerol emulsions 

reduce fuel energy 

content compared to 

traditional fuels - 

increasing the rate 

of consumption 
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who pursues advances in engine efficiency and diesel emission reductions. 

These tests were completed on ULS diesel/glycerol emulsions and 

provided us the first insights into the technology’s low emissions potential 

and verified its combustion quality. These tests achieved 50 vol% 

reduction in particulate matter emissions (soot) and a 17 % reduction in 

NOX at high engine loads.  

  

Example: Stationary Marine Diesel Testing 

Building from these early successes, we have partnered with the 

Maine Maritime Academy’s Marine Engine Testing and Emissions 

Laboratory (METEL) to pursue product refinement and durabiltiy testing 

using stationary (CAT 2.2L generator set) and in-field engines.  Stationary 

engine testing is completed acording to ISO 8178 testing procedures to 

determine cumulative engine emissions over full engine load sweeps. Data 

comparing Bio-EHF10 fuel (10 wt% emulsion in B20 fuel) to a traditional 

B20 blend shows a measureable reduction in EPA emissions for NOx and 

total hydrocarbons (THC) with slight increase in CO emissions at load 

loads. Gravimetric soot capture “spotting” shows a reduction in filter 

opacity which confirms results obtained at Oak Ridge National Laboratory 

for soot reductions. The CAT engine has seen over 500 hours of run time 

using EHF fuels with no adverse engine wear or fuel handling system 

fouling reported.  
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Example: R/V Quickwater Field-Trials 

 The R/V Quickwater is Maine Maritime Academy’s 41ft USCG 

cutter-class workboat. The twin propeller vessel uses twin Cummins V903 

engines which produce approximately 300 Hp each. The vessel was fully 

instrumented to measure engine efficiency, fuel consumption, shaft torque 

and monitor emissions continuously according to ISO 8178 E2 emissions 

testing protocols.  This workboat allows side-by-side comparisons of fuel 

performance under same sea state conditions. Further, the workboat 

configuration is ubiquitous in the marine transportation industry making it 

an ideal testing platform to prove Bio-EHF performance.  
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The vessel has consumed over 200 gallons of our fuels to date. 

Bio-EHF fuel met application requirements by achieving equivalent 

engine efficiency performance compared to traditional ULS diesel. The 

result was repeated over two sequential engine load sweeps. The larger 

bore, direct injection engines of the Quickwater are well suited to accept 

Bio-EHF fuels giving confidence of the fuels broader industry porential. 

This result is a testament to the use of Bio-EHF fuels in off-road 

transportation and marine applications.  

 

 

 

 

 

 

 

Bio-Eco-Hybrid 

Fuel achieved 

equivalent engine 

efficiencies as 

diesel under real 

world tests  
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Features and Benefits 

 Bio-Eco-Hybrid Fuels have demonstrated manufacturing 

feasibility and are proven to offer consistently clean burning and cost 

effective fueling performance. Bio-EHFs are “drop in” requiring engine 

modifications to use. They can be used in any application where diesel or 

biodiesel is currently used including off-road transportation, heavy 

equipment, marine and rail. Additional product opportunities exist within 

stationary heat and power applications. Combustion of Bio-EHF fuels are 

shown to yield equivalent engine efficiencies as traditional ULS diesel and 

biodiesel fuels while offering measureable reductions in NOX and 

particular matter (soot). When the Bio-EHF fuel products use 100% 

biodiesel and glycerol, the fuel is 100% bio-renewable and offers very low 

toxicity to the environment reducing spill response requirements.  Most 

importantly, SeaChange Group LLC believes Bio-EHF products are a cost 

effective replacement for traditional fuels and will be highly competitive 

in the market place. 
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