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Executive Summary
There is a range of fuels that could, in principle, be used in aviation. These could
have varying effects on CO2 offset, energy security, atmospheric chemistry and
physics and local air quality aside from technological implications. Those parties
considering the use of alternative fuels need to have available the essential physical
and chemical properties of the fuel components, consisting of freezing points,
viscosities, flash points, energy density, and so on. All of these data, if existing, are
available in the scientific literature and various online databases. For an individual to
easily access such data requires online access to relevant sources, which in many
cases are outside of academia and may involve a monetary cost. Even if access is
possible, it is a hugely time consuming process to find from various sources the data
that are available.
The motivation for this study therefore is the desire to collect in one place a
comprehensive range of information on the properties of the individual components
of fuels, in order for those parties considering the use of such fuels to be able to
efficiently access the data. To this end a database in Microsoft Access 2007 format
has been constructed. The intended ‘customers’ for these data are policymaker,
entrepreneurs, fuel users, and the aviation industry in general along with any other
parties interested in this field. The added value of the project arises by virtue of the
collection in one place of a range of physical and chemical properties of 69 fuel
components, and the consequent time and cost saving arising for the potential users
of this information who no longer need to source this data from the literature. The
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database will be distributed primarily by download from the Omega website or by
distribution directly to interested parties by email attachment.
The database will be a living resource with information added on a periodic basis.
Whilst the current data already serve the prime purpose, the database will need to
be extended to include the temperature dependence of viscosity, as currently just
individual values are quoted at specific temperatures whereas this property has a
significant variation with temperature. Another area for future development is that
the current database does not address the properties of mixtures of individual
components that might make up alternative aviation fuels. Such an expansion
requires a considerable commitment of time and resources over and above that
committed in this first phase of development of the database.

1.0

Introduction

This database is designed to bring together in one place a summary of physical and
chemical data on a range of compounds considered as possible alternative fuels, in
order to simplify the task of end users in determining these properties for any
individual components they wish to consider. Various classes of compound are
included, encompassing alkanes, alkenes, alcohols, fatty acid methyl esters (FAMEs),
aromatics, and also hydrogen. To enable widespread use, Microsoft Access 2007 was
chosen as the software with which to construct the database.

2.0 Data Sources
The primary source of data is the Chemical Abstracts Service (CAS), full details are
available at http://www.cas.org/. The other online source of data is the NIST
Chemistry WebBook, accessible at http://webbook.nist.gov/chemistry/. Other data
sources consisted of various publications available to the authors, principally the
“CRC Handbook of Chemistry and Physics 78th Edition” and the Cranfield Press
“Alternative fuel Technology Series” volume 1: Alternative Fuels for Transport, and
volume 2: Comparative Properties of Conventional and Alternative Fuels, each by
E.M Goodger.
2.1

CAS

CAS monitors, indexes, and abstracts the world’s chemistry related literature and
patents on a daily basis and covers over 10,000 scientific journals from around the
world. CAS is accessed via the SciFinder Windows application that provides online
access and searching of CAS, it is also integrated into the library at the University of
Leeds, providing seamless access in many cases to the original journal publications.
The following figures illustrate the use of this program. We are interested primarily
in specific substances, for example ethanol, which as illustrated below provides some
fundamental data consisting of its chemical structure and it’s CAS Registry Number,
a unique identifier assigned to chemical species by CAS, along with an indication of
the number of articles referring to this substance. Clicking the icon to bring up the
“Details of substance 1” provides more information along with links to “Experimental
Properties” and “Calculated Properties” as shown in figure 1.
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Figure 1 – SciFinder Scholar application, illustrating “Details of Substance”.

“Experimental Properties” brings up a further window shown in figure 2 detailing
some experimentally measured properties along with references, in this example
having numerous references to Boiling Point with links to the original journal
sources.
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Figure 2 – SciFinder Scholar application, illustrating “Experimental Properties”.

Following these links brings up the abstract of the original journal entry, for example
number 15 in the list above leads to the window shown in figure 3.
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Figure 3 – SciFinder Scholar application, illustrating “Details for Reference”.

From this the “paper” icon in the upper right corner directly downloads a pdf of the
journal article subject to it being available online and the University having a
subscription to the journal. Thus it is possible to easily access a large number of
original journal articles relating to individual substances detailing a number of
experimental properties. Those principally available (although not in all cases) via
this route consist of Boiling Point, Freezing Point, Density and Kinematic Viscosity.
Returning to the “Detail of Substance 1” page illustrated in figure 1 and selecting the
“Calculated Properties” link brings up a list of calculated properties in a similar layout
to the experimental properties illustrated in figure 2, of most relevance with respect
to flash point for the purposes of this database.
2.2

NIST Chemistry WebBook

The NIST Chemistry WebBook provides users with easy online access to chemical
and physical property data for chemical species. The data provided are from
collections maintained by the NIST standard Reference Data Program and outside
contributors. In the context of this work it is particularly useful for its comprehensive
collection of enthalpy of Combustion data. Various options exist for searching the
database, in our case the most suitable is the CAS registry number obtained from
the previous investigation of the CAS database. This brings up the screen illustrated
in figure 4.
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Figure 4 – NIST Chemistry WebBook CAS Registry Number Search options.

From this we enter the CAS registry number, along with any categories of data
required to be displayed in detail, for instance enthalpy of combustion in the
condensed phase thermochemistry data as illustrated in figure 5, summarising the
available data with links to the journal reference.
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Figure 5 – NIST Chemistry WebBook thermochemistry data.

3.0 Microsoft Access 2007
To allow the widest distribution without the need to purchase specialised software,
Microsoft Access 2007 was chosen to construct the database, it being distributed as
part of Microsoft Office 2007. Upon the first opening of the database, the user will
encounter a security warning that certain content has been disabled. This is the
default behaviour for Microsoft Access 2007, in the context of this database it is not
an issue whether this content is enabled or not, so the user may choose as they
wish at this point.
3.1

Fundamental Database Structure

After enabling (or not) this disabled content, the user is presented initially with the
window shown in figure 6 that just lists all the Access objects present in the
database.
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Figure 6 – Microsoft Access 2007, Fuels_Database opening screen

All that is listed on the left hand side are the 4 essential components of the
database, consisting of 2 tables named “Base Table” and “References”, along with 2
forms named “Data Input Form” and “References input form”. Double clicking on
“Data Input Form” will open up the Data Input Form in the main window as shown
in figure 7.
Figure 7 – Microsoft Access 2007, Fuels_Database Data Input Form
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This illustrates the data that can be input into the Base Table. “ID” is automatically
generated by Access itself, the other entries are text or numeric data types into
which data is entered during the database construction. If desired it can be edited at
any time as required. Double clicking on the “Base Table” table opens up the Base
Table in the main window as illustrated in figure 8.
Figure 8 – Microsoft Access 2007, Fuels_Database Base Table

This shows the form of the base table, containing rows of data corresponding to the
entries within the Data input form. Double Clicking on the References input form
opens it up in the main window as illustrated in figure 9.
Figure 9 – Microsoft Access 2007, Fuels_Database References input form

Similarly to the data input form, this contains a number of text data fields into which
the relevant reference information is typed, and again this can be edited at any time
as required. Finally, double clicking the References table will open it in the main
window as illustrated in figure 10.
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Figure 10 – Microsoft Access 2007, Fuels_Database Data Input Form

This has a very similar structure to the Base Table, consisting of rows of text data
corresponding to the typed reference information.
These four objects constitute the essential elements of the database, allowing
entries to be edited, or new entries added as required. To interrogate these data
requires the creation and use of additional Access objects called “Queries” and
“Reports” that respectively sift the data creating a new table containing the sifted
data, and then express the results of these queries in a user friendly form for print
out or incorporation in other documents.
3.2

Database Queries

A dataset query is a way of filtering the data contained within the entire database by
selecting desired fields from the available tables. The result is a new table containing
just the filtered data. The reason for doing this is to filter the data that are shown at
the final report stage to just those that are required for that particular report. From
the initial window illustrated in figure 6, select the “Create” tab, and then from the
“Other” group select the “Query Wizard” to bring up the dialog box shown below in
figure 11.
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Figure 11 – Microsoft Access 2007, Fuels_Database Query Wizard Dialog.

From here select “Simple Query Wizard”, and click “OK”, this brings up the following
dialog box in figure 12.
Figure 12 – Microsoft Access 2007, Fuels_Database Query Wizard Dialog.

From the dialog box in figure 12, desired data fields can be selected from those
listed as available, in this case the fields from within the Base Table. From the dropdown box under “Tables/Queries”, the References table could also be selected, and
required fields from that table also added to the selected fields for this query. For
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example, figure 13 illustrates the fields; Name, Melting Point, Carbon Number
selected from the Base Table, along with Melting Point Reference from the
References table.
Figure 13 – Microsoft Access 2007, Fuels_Database Query Wizard Dialog.

Clicking “Next”, and leaving the default option for a detail query and clicking “Next”
again allows us to provide a name for this query, for example “Example Query” as
shown in figure 14.
Figure 14 – Microsoft Access 2007, Fuels_Database Query Wizard Dialog.
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Clicking “Finish” at this point closes the Query Wizard dialog box and creates a new
“Queries” object named “Example Query” that is a table containing the filtered data,
as shown in figure 15.
Figure 15 – Microsoft Access 2007, Fuels_Database Query Wizard Dialog.

3.3

Database Reports

There is a lot of scope within Microsoft Access 2007 to create reports via several
methods with virtually any format that the user desires. Here we illustrated one of
the simplest approaches, based on the “Example Query” object that has just been
created. Suppose we wish to produce a summary of C10 compounds in order of
ascending melting point, showing the compound name, its melting point, and the
melting point reference. The first task is to sort the “Example Query” table by
ascending values of melting point. This is accomplished by right clicking on the
melting point column header and selecting the “Sort smallest to largest option”. The
second task is to filter the table to only show entries for C10 carbon number values;
this is achieved by right clicking in any cell below the “Carbon Number” heading and
selecting the “Number Filters” followed by “Equals...” option and typing 10 in the
resulting dialog box. This modifies the “Example Query” table to that shown in figure
16 in which only the C10 compounds are shown in ascending order of melting point.
Note that the filtering is not permanent, it can be toggled off and on by clicking on
the highlighted “Filtered” button at the bottom of figure 16.
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Figure 16 – Microsoft Access 2007, Fuels_Database Sorted and Filtered query.

To create a basic report from this, the first thing to do if not already selected, is
select the “Create” tab in the ribbon menu. Then, from the “Reports” section of the
ribbon select “Report”, this creates a basic report of the data in the current query or
table. The first time this is done on a newly created or modified query table, a dialog
box requesting the query must be saved opens. After saving, the report “Example
Query” is created as illustrated in figure 17 is created.
Figure 17 – Microsoft Access 2007, Fuels_Database basic Example Query Report.

From here, many refinements can be made in terms of what is shown and the
layout, a simple example being to delete the “Carbon Number” column, change the
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column widths, and format the melting point to 1 decimal place as illustrated in
figure 18.
Figure 18 – Microsoft Access 2007, Fuels_Database Formatted report example.

4.0 Conclusion
A database has been constructed in Microsoft Access 2007 format containing the
fundamental physical and chemical properties of 69 individual chemical compounds
from various classes of compound, encompassing alkanes, alkenes, alcohols, fatty
acid methyl esters (FAMEs), aromatics, and also hydrogen. The use of online data
sources consisting of CAS and the NIST chemistry WebBook has been illustrated. A
description of the database structure has been provided along with illustrated
instructions of how a novice in the use of Microsoft Access 2007 may modify the
database, sort and filter records, and create basic reports. The future knowledge
needs are an extension to include the temperature dependence of viscosity, as
currently just individual values are quoted at specific temperatures whereas this
property has a significant variation with temperature. The other area for future work
that the current database does not address is the properties of mixtures of individual
components that might make up alternative aviation fuels. Such an expansion
requires a considerable commitment of time and resources over and above that
committed to this study.
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5.0 Glossary
Alcohols
A class of chemical compounds containing a hydroxyl (OH) component.
Alkanes
A class of hydrocarbons of general formula CnH2n+2 that contain only single bonded
C-H and C-C components.
Alkenes
A class of hydrocarbons of general formula CnH2n that contain at least one
carbon-carbon double bond in addition to single bonded C-H and C-C components.
Aromatics
A class of hydrocarbons containing at least one resonance stabilised ring structure,
typically based on a benzene (C6) ring structure containing alternate single and
double bonded carbon atoms. They may be a single ring, with various groups
attached to the carbon atoms, or multiple ring structures.
Carbon Number
The number of carbon atoms one molecule of the fuel contains.
CAS Registry Number
A unique number assigned by the Chemical Abstracts Service to identify a chemical
compound in their database.
Chemical Abstracts Service
An organisation that monitors, indexes, and abstracts the world’s chemistry related
literature and patents on a daily basis and covers in excess of 10,000 scientific
journals.
Class
The definition of what type of compound the chemical is, i.e., Alkane, Alkene,
Alcohol etc.
Density
The mass per unit volume of a material in grams per cubic centimetre.
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Energy Density
The quantity of energy in mega Joules that can be released by the complete
combustion of 1kg of the fuel at standard conditions of 0 °C at atmospheric
pressure.
Enthalpy of Combustion
The quantity of energy in kilo Joules that can be released by the complete
combustion of 1 mole (6.0223×1023 molecules) of the fuel at standard conditions of
0 °C at atmospheric pressure.
Fatty Acid Methyl Esters
The generic name for the chemical species produced by the transesterification
process in the production of biodiesel.
Flash point
The minimum temperature at which a mixture of the fuel vapour with air can be
ignited by an ignition source.
Kinematic Viscosity
The ratio of the viscosity divided by the density.
NIST Chemistry WebBook
An online database of chemical properties maintained by the National Institute of
Standards.
Viscosity
A measure of the resistance of a fluid to being deformed, in effect the “thickness” of
the liquid. Low values indicate a fluid that can easily flow.
Volumetric Energy Density
The quantity of energy in mega Joules that can be released by the complete
combustion of 1 litre of the fuel at standard conditions of 0 °C at atmospheric
pressure.
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Appendix 1: Database Fields
Base Table
ID (number, automatically generated)
CAS registry number
Name
Molecular Weight
Density (gcm-3)
Melting Point (°C)
Boiling Point (°C)
Flash Point (°C)
Kinematic Viscosity (mm2s-1)
Enthalpy of Combustion (kJmol-1)
Energy Density (MJ/kg)
Volumetric Energy Density (MJl-1)
Chemical Formula
Carbon Number
Class
Comments
References
ID (number, automatically generated)
CAS registry number
Melting Point Reference
Boiling Point Reference
Kinematic Viscosity Reference
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