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1.) PROJECT ACTIVITIES COMPLETED DURING THE REPORTING PERIOD. (Describe project 
progress specific to goals, objectives, and deliverables identified in the project workplan.) 
This project will develop an aftermarket hydrous ethanol reforming system for diesel engines that can 
meet CARB in-use standards for both PM and NOx, an achievement that has not been achieved by any 
dual fuel ethanol systems to date. To meet this goal, we will develop a thermally integrated system that 
uses exhaust heat to reform hydrous ethanol into a mixture of hydrogen and carbon monoxide to reduce 
combustion temperatures and thus reduce NOx formation in the engine. The system will be designed, 
built and demonstrated at the UMN TE Murphy Engine Research Laboratory. 
 
The specific objectives of this project are: 1) To design and fabricate a hydrous ethanol reforming system 
that can be coupled to a John Deere 4045 Tier 2 diesel engine without modification to the engine control 
system. 2) To characterize the hydrous ethanol reforming system experimentally over a modified eight-
mode off-highway test cycle. 3) To prove that the designed system can enable similar fumigant energy 
fraction (FEF) levels as the previously developed port-injected hydrous ethanol system while achieving 
lower NOX and unburned EtOH emissions. 4) To prove that the designed system can achieve CARB in-
use verification classification for retrofit emissions control systems over the eight-mode test cycle. 
 
Update: 
Significant progress has been made since the previous report from Feb 2017. The specific objectives 1-4 
have largely been achieved. All that remains in the project is to compile and publish results. Two 
revisions of the steam reforming reactor were designed and constructed within the project duration. The 
second version was installed on the engine and tested over a range of operating conditions. Figure 1 
provides a cutaway illustration of the final reactor design. The redesigned exhaust manifold uses the 
thermal energy contained in the exhaust as well as chemical energy as unburned hydrocarbons. The 
exhaust gases are routed through the annulus section (orange) where metal monolith coated with 
oxidation catalyst promotes oxidation reactions to generate heat for the endothermic steam reforming 
reactions. The oxidation catalyst also prohibits excess hydrocarbons contained in the engine-out exhaust 
from being emitted into the environment. Hydrous ethanol (150 proof) was evaporated using a custom 
vaporizer block where two cartridge heaters are situated to raise the hydrous ethanol to 120 °C before 
entering a copper coil located in the exhaust stack to reduce the energy required for fuel vaporization. The 
vaporized fuel is then routed in the interior section (blue) where exhaust heat and heat from the annulus 
catalyst section promote the conversion of ethanol and water to hydrogen, methane, and other inert gases.  



 
Figure 1: Isometric views of the reforming reactor: a) Exhaust manifold exterior, b) Interior reactor tube, 

c) Metal monolith - exhaust flow (orange), hydrous ethanol flow (blue) 
 

Figure 2 shows a photo of the final reformer configuration installed on the test engine. In the photo, the 
reactor is shown at the bottom and the ethanol vaporizer is shown as the vertical insulated pipe section 
above the turbocharger. 
 

 
Figure 2: Custom exhaust manifold installed on John Deere 4045HF475 test engine 
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2.) IDENTIFY ANY SIGNIFICANT FINDINGS AND RESULTS OF THE PROJECT TO DATE.  
 
The main results of this paper are depicted in the following figures. An experimental campaign was 
conducted with the engine setup shown in Figure 2 over a range of fumigant energy fraction (FEF) 
defined as the ratio of hydrous ethanol provided to the reformer over the total ethanol + diesel fuel sent to 
the engine. Three engine speed and load conditions were tested, 1500 rpm – 4 bar Brake Mean Effective 
Pressure (BMEP), 2000 rpm – 4 bar BMEP, and 2000 rpm – 6 bar BMEP. The results showed that the 
engine maintained diesel only-like thermal efficiencies with at most a 2% decrease at the highest FEF 
cases. Figure 3 shows that soot emissions significantly decreased with increasing FEF for all testing 
cases. Our previous work on PFI of hydrous ethanol only showed small decreases in soot, and only at 
high FEF (~50%) for select testing conditions. In addition, some cases in the PFI study showed increased 
soot concentrations. Here, we see soot reductions near 90% from conventional diesel combustion (CDC) 
values. 

 
Figure 3: Engine out soot emissions as a function of FEF for three different operating modes. 

Figures 4 and 5 depict the NO and NOX emissions respectively. The engine exhaust was sampled at two 
different points, before the diesel oxidation catalyst (DOC) and after. From Figure 4, we can see that NO 
decreased at engine out conditions, but the reactions occurring within the DOC facilitated the conversion 
of NO2 to NO, resulting in increased concentrations post DOC. Figure 5 however shows that NOX 
emissions overall decrease post DOC as compared to CDC operation. In our previous PFI study, NOX 
emissions barely changed with increasing FEF, with only slight decreases at high FEF. Overall, the 
results of this study are promising, showing significant decreases in soot and NOX emissions, which were 
not attainable with our previous PFI work. 
 

 
 



 
Figure 4: NO emissions as a function of FEF 

 

 
Figure 5: NOX emissions as a function of FEF 



 
3.) CHALLENGES ENCOUNTERED. (Describe any challenges that you encountered related to project 
progress specific to goals, objectives, and deliverables identified in the project workplan.) 
 
Due to higher than expected pressure drop through the oxidation catalyst in the reforming reactor, the 
engine load and speed was restricted compared to the stock engine configuration. This restriction does not 
allow the engine to run over the entire modified eight mode test. Instead, the engine was operated at three 
defined modes to characterize the reformer operation. The data generated in this project will inform future 
reforming reactor designs. 
 
4.) FINANCIAL INFORMATION (Describe any budget challenges and provide specific reasons for 
deviations from the projected project spending.) 
 
No budget challenges have been encountered on the project to date. The project funds are expected to be 
completely spent by the end of the project. 
 
5.) EDUCATION AND OUTREACH ACTIVITES. (Describe any conferences, workshops, field days, 
etc attended, number of contacts at each event, and/or publications developed to disseminate project 
results.) 
 
As part of the project, a test reactor was developed and built for diesel reforming and integrated with a 
light-duty diesel engine. The results of this preliminary study were presented in April at the 2017 Society 
of Automotive Engineers World Congress in Detroit MI. The primary PhD student working on the 
project, Jeff Hwang has almost completed his dissertation research based on this and previous MCRC&P-
funded projects. In the end, four journal papers will be published based on this body of work. 


