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FINAL SCIENCE REPORT 
The span of our research in this contract initially covered several separate areas of work, including an ethanol efficiency testing using forced injection to improve internal combustion engine performance (I.) and a hydrogen refueling station design and build document (II.) to conduct on-going research and long term ethanol alternative fuel  research.

The final status and findings are described below on both of the projects mentioned above.

I. Project: AVRC Prototype Research Vehicle Build 
A. AVRC Engineering Summary:
An ethanol-optimized powertrain was designed, developed, and installed in a light passenger vehicle. The engine was designed to take advantage of the higher octane property of E85 fuel to increase thermal efficiency. Through the use of supercharging and engine downsizing, as well as an optimized geometric compression ratio and other base engine changes, vehicle performance is comparable to that of a production V6 vehicle while the fuel economy penalty usually associated with the use of E85 is minimized. Gasoline operation is also possible through calibration changes to spark timing, boost control, and other features. Initial work was done on a ‘mule’ test bed vehicle in Raleigh, North Carolina at NCSU.
The final vehicle selected for work in Ann Arbor was a Pontiac G-6. In consultation with Lotus Engineering, we elected to use a stock GM controller instead of the planned Mototron controller on the test vehicle. The reason for this decision was that while the standalone engine could easily be tested in a test cell with the Mototron controller, field testing in the Pontiac G-6 test vehicle would take an excessive amount of engineering work to mate the Mototron unit to all of the dependent chassis systems in the test vehicle. Clearly, this was the best decision in order to expedite the engine testing and validation. The effect on the test cell work was that the NCSU location still required a standalone Engine Control Unit to use for future research. Mototron was asked to provide the control unit and baseline programming to accomplish this, which was done as a task separate from the Pontiac test vehicle. Our additional work focused on adapting a new engine controller to our test vehicle and test cell use at NCSU. Several NCSU staff were trained at Mototron for this controller and software.

In the long term, this was a better choice for the NCSU test program, since the Mototron ECU provided greater flexibility and future testing of ethanol from different feed stocks and also additional biofuels. The downside was that the process was made much more labor intensive than anticipated, and a request for extension of time was therefore made.  
The final Lotus Engineering Report is on-line at the following URL

http://www.avrc.com/reports/doe/FSR/6777_Ethanol_Optimized_Research_Platform_Engineering_and_Build.pdf 

The Conclusions of this report are as follows:

• Ethanol, due to its favorable octane properties, is particularly well-suited as a fuel for the high specific output downsized engines.
• An ethanol-optimized engine can provide brake thermal efficiency improvements in the range of 6-8% at a typical part throttle operating condition compared to an engine optimized for gasoline. Full load brake thermal efficiency is also improved.
• It is possible to substantially reduce or eliminate the fuel economy penalty normally associated with E85 usage compared to gasoline through careful deployment of a combination of engine technologies. 

AVRC/LOTUS ENGINEERING DATA INDEX
All data provided from Lotus for this project has been posted to the avrc.com website. Below is an index of all the links for 100 megabytes of data on the above deliverables. 

Brake Thermal Efficiency Data
http://www.avrc.com/reports/doe/FSR/6777_brake_thermal_eff/test_points_14Jan2008.xlsx
http://www.avrc.com/reports/doe/FSR/6777_brake_thermal_eff/4000/3800_4000_BDL_WOT_04Feb2008.xlsx
http://www.avrc.com/reports/doe/FSR/6777_brake_thermal_eff/4000/4000_17.5bar_E85_30Jan2008.xlsx
http://www.avrc.com/reports/doe/FSR/6777_brake_thermal_eff/4000/4000_175bar_123EQR_09Jan2008.xls
http://www.avrc.com/reports/doe/FSR/6777_brake_thermal_eff/4000/4000_175bar_E85_14Jan2008.xlsx
http://www.avrc.com/reports/doe/FSR/6777_brake_thermal_eff/4000/4000_175bar_gas_11Jan2008.xlsx
http://www.avrc.com/reports/doe/FSR/6777_brake_thermal_eff/4000/4000_WOT_cam_sweep_04Jan2008.xlsx
http://www.avrc.com/reports/doe/FSR/6777_brake_thermal_eff/4000/4000_WOT_cam_sweep_08Jan2008.xlsx
http://www.avrc.com/reports/doe/FSR/6777_brake_thermal_eff/4000/4000_WOTx_18Dec2007.xlsx
http://www.avrc.com/reports/doe/FSR/6777_brake_thermal_eff/4000/brake_therm_eff_4000wotr_19Dec2007.xlsx
http://www.avrc.com/reports/doe/FSR/6777_brake_thermal_eff/4000/WOT_07Jan2008.xls
http://www.avrc.com/reports/doe/FSR/6777_brake_thermal_eff/4000/WOT_4000_09Jan2008.xls
Baseline Stock Engine Data
http://www.avrc.com/reports/doe/FSR/Baseline_stock_engine/Stock_Eng.csv
http://www.avrc.com/reports/doe/FSR/Baseline_stock_engine/Stock_X1.csv
http://www.avrc.com/reports/doe/FSR/Baseline_stock_engine/Stock_X2.csv
BSFC Data

http://www.avrc.com/reports/doe/FSR/BSFC_data/6777_dyno_perf_map1_2008-05-22.xlsx
Cold Start Data 
http://www.avrc.com/reports/doe/FSR/cold_start_data/cs_dyno_11Feb2008a.xlsx
http://www.avrc.com/reports/doe/FSR/cold_start_data/CS_dyno_2008-02-05.xlsx
http://www.avrc.com/reports/doe/FSR/cold_start_data/CS_dyno_2008-02-05b.xlsx
http://www.avrc.com/reports/doe/FSR/cold_start_data/CS_dyno_2008-02-05c.xlsx
http://www.avrc.com/reports/doe/FSR/cold_start_data/CS_dyno_2008-02-06.xlsx
http://www.avrc.com/reports/doe/FSR/cold_start_data/CS_dyno_2008-02-06b.xlsx
http://www.avrc.com/reports/doe/FSR/cold_start_data/CS_dyno_2008-02-06c.xlsx
http://www.avrc.com/reports/doe/FSR/cold_start_data/cs_dyno_2008-02-06d.xlsx
http://www.avrc.com/reports/doe/FSR/cold_start_data/cs_dyno_2008-02-07.xlsx
http://www.avrc.com/reports/doe/FSR/cold_start_data/cs_dyno_2008-02-08.xlsx
http://www.avrc.com/reports/doe/FSR/cold_start_data/cs_dyno_2008-02-12.xlsx
http://www.avrc.com/reports/doe/FSR/cold_start_data/cs_dyno_2008-02-13A.xlsx
http://www.avrc.com/reports/doe/FSR/cold_start_data/cs_dyno_2008-02-13B.xlsx
http://www.avrc.com/reports/doe/FSR/cold_start_data/cs_dyno_2008-02-14.xls
http://www.avrc.com/reports/doe/FSR/cold_start_data/cs_dyno_2008-02-15.xlsx
http://www.avrc.com/reports/doe/FSR/cold_start_data/cs_dyno_2008-02-15b.xlsx
http://www.avrc.com/reports/doe/FSR/cold_start_data/cs_dyno_2008-02-18.xlsx
Emissions Test 
http://www.avrc.com/reports/doe/FSR/Emissions_Test/2007_FE_guide_May_01_2007_G6_AVRC_jjw.xlsx
http://www.avrc.com/reports/doe/FSR/Emissions_Test/E85/08033101.xls
http://www.avrc.com/reports/doe/FSR/Emissions_Test/E85/08040102.xls
http://www.avrc.com/reports/doe/FSR/Emissions_Test/E85/08040103.xls
http://www.avrc.com/reports/doe/FSR/Emissions_Test/E85/08040202.xls
http://www.avrc.com/reports/doe/FSR/Emissions_Test/E85/08040203.xls
http://www.avrc.com/reports/doe/FSR/Emissions_Test/E85/08040302.xls
http://www.avrc.com/reports/doe/FSR/Emissions_Test/E85/08040303.xls
http://www.avrc.com/reports/doe/FSR/Emissions_Test/E85/08040304.xls
http://www.avrc.com/reports/doe/FSR/Emissions_Test/E85/08040401.xls
http://www.avrc.com/reports/doe/FSR/Emissions_Test/E85/08040402.xls
http://www.avrc.com/reports/doe/FSR/Emissions_Test/E85/08040403.xls
http://www.avrc.com/reports/doe/FSR/Emissions_Test/EEE_Cert_Fuel/08041403.xls
http://www.avrc.com/reports/doe/FSR/Emissions_Test/EEE_Cert_Fuel/08041501.xls
http://www.avrc.com/reports/doe/FSR/Emissions_Test/EEE_Cert_Fuel/08041502.xls
http://www.avrc.com/reports/doe/FSR/Emissions_Test/EEE_Cert_Fuel/08041601.xls
http://www.avrc.com/reports/doe/FSR/Emissions_Test/EEE_Cert_Fuel/08041602.xls
http://www.avrc.com/reports/doe/FSR/Emissions_Test/EEE_Cert_Fuel/08041701.xls
http://www.avrc.com/reports/doe/FSR/Emissions_Test/EEE_Cert_Fuel/08041702.xls
Initial Development 
http://www.avrc.com/reports/doe/FSR/Initial_dev/1stCal_SpotCK_Lo.xlsx
http://www.avrc.com/reports/doe/FSR/Initial_dev/4000rpmData.xlsx
http://www.avrc.com/reports/doe/FSR/Initial_dev/4000rpmData_Corr.xlsx
http://www.avrc.com/reports/doe/FSR/Initial_dev/4000rpmRpt.xlsx
http://www.avrc.com/reports/doe/FSR/Initial_dev/4000rpmRpt_Corr.xlsx
http://www.avrc.com/reports/doe/FSR/Initial_dev/AF_Lo_sweep.xlsx
http://www.avrc.com/reports/doe/FSR/Initial_dev/AIS_CompCK.xlsx
http://www.avrc.com/reports/doe/FSR/Initial_dev/AIS_PressCk.xlsx
http://www.avrc.com/reports/doe/FSR/Initial_dev/ASAP3_Throt_scan.csv
http://www.avrc.com/reports/doe/FSR/Initial_dev/ASAP3_Throt_Scan_MC1.csv
http://www.avrc.com/reports/doe/FSR/Initial_dev/ASAP3_Throt_Scan_MC1.xls
http://www.avrc.com/reports/doe/FSR/Initial_dev/Baseline_Ver8.xlsx
http://www.avrc.com/reports/doe/FSR/Initial_dev/BP_Ck.csv
http://www.avrc.com/reports/doe/FSR/Initial_dev/Dyno_Run_Time_Tracking_10-8-07.xls
http://www.avrc.com/reports/doe/FSR/Initial_dev/Fin_AF_Hi_Sweep.xlsx
http://www.avrc.com/reports/doe/FSR/Initial_dev/Fin_AF_Lo_Sweep.xlsx
http://www.avrc.com/reports/doe/FSR/Initial_dev/FinalPressCk.xlsx
http://www.avrc.com/reports/doe/FSR/Initial_dev/INCA_ADAPT_Aliases.xls
http://www.avrc.com/reports/doe/FSR/Initial_dev/Init_E85.xlsx
http://www.avrc.com/reports/doe/FSR/Initial_dev/Init_E85_LoCR.xlsx
http://www.avrc.com/reports/doe/FSR/Initial_dev/Inj_Mods.csv
http://www.avrc.com/reports/doe/FSR/Initial_dev/LSJPowerCurve.xls
http://www.avrc.com/reports/doe/FSR/Initial_dev/PressCk.csv
http://www.avrc.com/reports/doe/FSR/Initial_dev/prev.csv
http://www.avrc.com/reports/doe/FSR/Initial_dev/Sat_Data.xlsx
http://www.avrc.com/reports/doe/FSR/Initial_dev/TrqVar_17_43_14.xlsx
http://www.avrc.com/reports/doe/FSR/Initial_dev/TrqVar_17_52_43.xlsx
http://www.avrc.com/reports/doe/FSR/Initial_dev/TrqVar_18_07_51.xlsx
http://www.avrc.com/reports/doe/FSR/Initial_dev/TrqVar_18_22_00.xlsx
http://www.avrc.com/reports/doe/FSR/Initial_dev/TrqVar_18_31_23.xlsx
Measured Vehicle Performance Data

http://www.avrc.com/reports/doe/FSR/Measured_vehicle_perf_data/AVRC_G6_Milan_jjw.xls
Miscellaneous Development Data

http://www.avrc.com/reports/doe/FSR/Misc_Dev_data/full_load_BMEP_optimization_1500_to_6000_2008_04_09.xlsx
http://www.avrc.com/reports/doe/FSR/Misc_Dev_data/gas_pe_eqr_2008_04_07.xlsx
http://www.avrc.com/reports/doe/FSR/Misc_Dev_data/gas_spark_2008_04_07_3200_6000.xlsx
http://www.avrc.com/reports/doe/FSR/Misc_Dev_data/injchar_05Dec2007.xlsx
http://www.avrc.com/reports/doe/FSR/Misc_Dev_data/WOT_6000_rerun_2008_03_19.xlsx
http://www.avrc.com/reports/doe/FSR/Misc_Dev_data/WOT_torque_before_exh_adjust_2008_03_18.xlsx
http://www.avrc.com/reports/doe/FSR/Misc_Dev_data/WOT_torque_E85_2008_03_19.xlsx
http://www.avrc.com/reports/doe/FSR/Misc_Dev_data/wot_torque_gas_2008_04_25.xlsx
http://www.avrc.com/reports/doe/FSR/Misc_Dev_data/torque_gas_2008_04_25_plots_for_report.xlsx
http://www.avrc.com/reports/doe/FSR/Misc_Dev_data/WOT_torque_gas_sweep_4000_testpt_2008_04_11.xlsx
Spark Mapping
http://www.avrc.com/reports/doe/FSR/Spark_Mapping/3000to6000_spark_mapping_2008_03_14.xlsx
II. Project: Design & Build Document - Mobile Hydrogen Generation Station
Summary

The Mobile Hydrogen Generation Station Design and Build document is online at this link:
http://www.avrc.com/AVRC_Design_and_Build_H2MG.pdf
The goal of this project was to research existing market-ready or near market-ready technologies that could be delineated in a document that could be used to design and build a mobile station capable of providing hydrogen for the fueling of hybrid and hydrogen fueled vehicles. It was also envisioned that the unit could be transported to various locations to support education, outreach, research and demonstration activities. The AVRC established specific parameters of the Station and researched existing technologies and operations to determine what components would be readily available. The team reviewed codes and standards to determine regulatory limitations on the Station.  
Final Design Concept requirements for the project were as follows:
· Develop equipment specifications

· Specify “off the shelf equipment”

· Visit AVRC site, existing refueling operations, and/or vendors

· Develop conceptual design drawings

· Develop equipment interconnection documents

· Conduct engineering calculations to determine loads

· Investigate regulatory compliance

· Meet with AVRC personnel to review design options

· Develop detailed guide to constructing a H2 refueling station 

· Develop Economic Costing Model 
This document includes equipment specifications, safety considerations, identification of vendors and manufacturers, system design drawings and diagrams, load calculations, economic modeling, and connection and construction details.  The Appendices contain detailed information about all these aspects of the design.  The intention of this document was to provide information that would act as a guide for knowledgeable individuals to design and construct their own Mobile Hydrogen Generation and storage station for under $400,000, including fabrication costs.
The Station operates as follows:
· Electricity is produced by the diesel generator and distributed to the Stations equipment through the Service Entrance Panel.
· Water is held in the onboard water supply tank, and is gravity-fed to the hydrogen generator.
· The hydrogen generator uses the electricity and water to produce hydrogen via electrolysis.

· The hydrogen is sent to the compressor where it is compressed to its working pressure of 6000 psi.
· The chiller pumps coolant to cool the compressor.
· High-pressure hydrogen is pumped from the compressor to storage tanks where it is ready to be dispensed when needed.


The Station’s flow chart is shown in Figure 1 below.


[image: image1]
Figure 1: Component Flow Chart

Conclusions

This design and build document as developed over a year and a half, provides all the details and schematics necessary for the construction of a portable hydrogen refueling station.  
Further, it demonstrates that market-ready or near market-ready technologies can be utilized to create another step in our nation’s goal of developing a hydrogen economy.  The Station’s design shows it is economically feasible for entities to develop such technologies independently and then merge them with other technologies to create a much larger infrastructure. Each component of the Station was found to be currently available on the market or available from a manufacturer under special conditions, such as customized construction.  One example is the Air Products high-pressure storage and dispensing system.  All elements of the system exist, but may be available only as a single turn-key system.  As technologies such as the Station develop and become more common, it is anticipated that components will become more readily available.

Additionally, the capital costs associated with hydrogen production and use will decrease with market acceptance, mass production, and technological advancements.  This can be correlated with the development of Photovoltaic technologies.  As the public has embraced solar technology, systems have become more and more efficient while the costs have decreased.  However, until the hydrogen economy has matured, it will be necessary for projects such as the AVRC Station to demonstrate the feasibility of incorporating hydrogen technologies in real world applications.

The Station is designed to be a completely self-contained, portable refueling unit capable of performing all refueling operations in remote areas where utilities are inaccessible.  It is important to note, however, that the Station’s design is compatible with integrating electricity from either an electric utility grid or from a renewable power source, such as Wind or Solar.  The size of currently available photovoltaic systems made it impractical to incorporate it into the footprint of the Station, but as system efficiencies improve and sizes decrease, it may become more feasible to modify the Station’s design to include PV panels on top of the container.  Alternatively, if the Station is used in a location with access to existing PV systems or the utility grid, these power sources can be easily wired into the Station’s main power panel.  Being adaptable is a great asset to the Station, as its flexibility will directly correlate with its range of uses.     

Real world application is the ultimate goal of this document.  The current cost of building the Station is estimated to be approximately $400,000, including man-hours.  However, as the technologies reach commercially feasible levels, the costs will continue to decrease, making this type of application accessible to more and more users.      
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