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Special Notes

API publications necessarily address problems of a general nature. With respect to particular circumstances, local,
state, and federal laws and regulations should be reviewed.

Neither APl nor any of API's employees, subcontractors, consultants, committees, or other assignees make any
warranty or representation, either express or implied, with respect to the accuracy, completeness, or usefulness of the
information contained herein, or assume any liability or responsibility for any use, or the results of such use, of any
information or process disclosed in this publication. Neither APl nor any of API's employees, subcontractors,
consultants, or other assignees represent that use of this publication would not infringe upon privately owned rights.

Classified areas may vary depending on the location, conditions, equipment, and substances involved in any given
situation. Users of this publication should consult with the appropriate authorities having jurisdiction.

Users of this publication should not rely exclusively on the information contained in this document. Sound business,
scientific, engineering, and safety judgment should be used in employing the information contained therein.

The scenarios in this standard are merely examples for illustration purposes only. They are not to be considered
exclusive or exhaustive in nature. APl makes no warranties, express or implied for reliance on or any omissions from
the information contained in this document.

Users of instructions should not rely exclusively on the information contained in this document. Sound business,
scientific, engineering, and safety judgment should be used in employing the information contained herein.

Where applicable, authorities having jurisdiction should be consulted.

API publications may be used by anyone desiring to do so. Every effort has been made by the Institute to ensure the
accuracy and reliability of the data contained in them; however, the Institute makes no representation, warranty, or
guarantee in connection with this publication and hereby expressly disclaims any liability or responsibility for loss or
damage resulting from its use or for the violation of any authorities having jurisdiction with which this publication may
conflict.

API publications are published to facilitate the broad availability of proven, sound engineering and operating
practices. These publications are not intended to obviate the need for applying sound engineering judgment
regarding when and where these publications should be utilized. The formulation and publication of API publications
is not intended in any way to inhibit anyone from using any other practices.

Any manufacturer marking equipment or materials in conformance with the marking requirements of an API standard
is solely responsible for complying with all the applicable requirements of that standard. APl does not represent,
warrant, or guarantee that such products do in fact conform to the applicable API standard.

All rights reserved. No part of this work may be reproduced, translated, stored in a retrieval system, or transmitted by any means,
electronic, mechanical, photocopying, recording, or otherwise, without prior written permission from the publisher. Contact the
Publisher, API Publishing Services, 200 Massachusetts Avenue, NW, Suite 1100, Washington, DC 20001.

Copyright © 2019 American Petroleum Institute
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Foreword

Nothing contained in any API publication is to be construed as granting any right, by implication or otherwise, for the
manufacture, sale, or use of any method, apparatus, or product covered by letters patent. Neither should anything
contained in the publication be construed as insuring anyone against liability for infringement of letters patent.

Suggested revisions are invited and should be submitted to the Standards Department, API, 200 Massachusetts
Avenue, NW, Suite 1100, Washington, DC 20001, standards@api.org.
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Introduction

In 2008, API began a program to determine the appropriate corrections for adjusting gasoline plus ethanol fuel blend
volumes from observed conditions to standard temperature and pressure. The existing standard, APl MPMS
Chapter 11.1, identified a temperature correction process for fuel with one sample of a gasoline ethanol blend but the
needs of industry had changed to focus on a larger range of ethanol-blended fuels. For example, in the market,
ethanol was being blended into gasolines in concentrations from 10 % up to 85 % ethanol. There were anecdotal
reports from field operators of adiabatic temperature changes and volume changes resulting from mixing ethanol and
gasoline.

Ethanol is a relatively polar molecule and its presence in predominately non-polar liquid leads to mixing effects that
impact the expected density and volume-temperature behavior of the mixture.

A testing program was developed and executed to identify the extent of any effect and to characterize the effect in a
manner that could be standardized.

That effort resulted in two APl MPMS standards:

— APl MPMS Chapter 11.3.3, Miscellaneous Hydrocarbon Product Properties—Denatured Ethanol Density and
Volume Correction Factors

— APl MPMS Chapter 11.3.4, Miscellaneous Hydrocarbon Product Properties—Denatured Ethanol and Gasoline
Component Blend Densities and VVolume Correction Factors

As described later in this report, the project can be divided into five parts: 1) laboratory measurement of the density/
temperature behavior of gasoline and ethanol feedstocks and ethanol blends, 2) screening and organizing the data
for consistency, 3) modeling of the non-ideality of the thermal expansion coefficient, 4) modeling of the non-ideality of
the blend density, and 5) development of the standards.

The project was managed and overseen by a Project Group, consisting of oil and gas company technical experts and
API. A laboratory was contracted by API to perform the actual blending and density measurements. Expert technical
consultants were used for data verification, analysis, culling data, statistical analysis and to develop equations. The
Project Group oversaw each activity.
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Documentation Report and Data Files for Miscellaneous Hydrocarbon Product
Properties—Denatured Ethanol and Gasoline Component Blend Densities and
Volume Correction Factors

1 Scope

The purpose of this technical report is to assemble and make available the various foundational data and materials
used in the development of APl MPMS Chapter 11.3.3 and APl MPMS Chapter 11.3.4. It includes the historical
reports and spreadsheets used as is, without update or reconciliation for any later changes.

This document does not extend, modify, or otherwise change anything in the standards as published by API.

Users should not attempt to develop their own implementations of the standard calculations from this document. They
should only reference the standards.

The spreadsheets used have been converted to “values only” to preserve them and to restrict changes. Macros that
had been included to calculate functions such as volume correction factors or equations within the standards have
been removed. The user is directed to the published implementations in the standards. This document contains only
the background materials, not the standards, nor any computer implementation of the standards. Only the final
versions of materials have been included. Some graphs within the spreadsheets may not appear the same as in
published documents because the authors may have changed settings or data filters in the spreadsheets subsequent
to copying the graphs for publication.

Annex A through Annex G materials are available in files for download from API Publications 1 for purchasers of this
document. Annex H is included in this document.

2 Normative References

The following referenced documents are indispensable for the application of this document. For dated references,
only the edition cited applies. For undated references, the latest edition of the referenced document (including any
amendments) applies.

APl Manual of Petroleum Measurement Standards (MPMS) Chapter 11.1, Temperature and Pressure Volume
Correction Factors for Generalized Crude Oils, Refined Products, and Lubricating Oils, May 2004, including
Addendum 1, September 2007

APl MPMS Chapter 11.3.3, Miscellaneous Hydrocarbon Product Properties—Denatured Ethanol Density and Volume
Correction Factors, Third Edition, December 2018

APl MPMS Chapter 11.3.4, Miscellaneous Hydrocarbon Product Properties—Ethanol-Blended Gasoline Density and
Volume Correction Factors, First Edition, December 2018

APl MPMS Chapter 6.2, Loading Rack Metering Systems, Third Edition, February 2004

1 API Publications available at https://www.api.org/products-and-services/standards/purchase#tab_catalog DOCU m ents
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2 APl MPMS CHAPTER 11.3.4, TECHNICAL REPORT 2580

3 Terms and Definitions

3.1

subsidiary documentation

This document is a technical report, as such, it does not establish or modify those definitions set by APl MPMS
Standards. The definitions herein are only included for the ease of reading this document and are completely
subsidiary to those definitions found in the documents listed in Normative References.

3.2

alpha (o)

Thermal expansion factor for application in APl MPMS Chapter 11.1, generally at base temperature with units of
reciprocal temperature. If a subscript is not noted, it is used herein as a generic reference to the term.

3.3
blends of gasoline and ethanol (BGE)
A blend of denatured gasoline and ethanol blend components ranging from 0 % to 95 % denatured ethanol.

34

blendstock for oxygenate blending (BOB)

A refined product component consisting of unfinished gasoline to which denatured ethanol will be added to make a
finished motor fuel.

35

excess alpha (o, )

The incremental increase in the thermal expansion coefficient of the mixed liquid that exceeds the coefficient
calculated from a volume proportional addition of the component alphas.

3.6

excess volume fraction (EVF)

The incremental volume growth generated by mixing denatured ethanol and BOB. The excess volume is expressed
as a fractional volume divided by the sum of the component volumes, so it is dimensionless. It is bounded by 0 and 1.

4 Symbols and Abbreviations

A, Aye, B,n, Z  coefficients used in the excess volume fraction equation

coefficients for the cubic equation that defines the thermal expansion coefficient, o, . There are
four different coefficients; each will be identified by their subscript (5).

a;

CrpL combined volume correction factor due to temperature and pressure
E volume fraction of denatured ethanol

G volume fraction of gasoline

v observed volume at flowing conditions (m3)

Veo volume at base conditions (60 °F and 0 psig)

V. excess volume fraction (dimensionless)

y fit parameter for the excess volume equation (dimensionless)
Olgos excess alpha (°F~1)

@rnanol ideal volume fraction ethanol (dimensionless, Volume)

Olgo thermal expansion factor at 60 °F (°F~1)

P density value (kg/m3)

Peo density at base conditions (60 °F and 0 psig) (kg/m3)
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5 Laboratory Testing Program
5.1 Obijectives

The volumetric properties of gasolines are well-characterized by APl MPMS Chapter 11.1 which is widely accepted
by industry. This standard is also implemented in thousands of computing systems. An objective of the program was
to create a process for density and volume correction for ethanol blended fuels that could be implemented within the
context of APl MPMS Chapter 11.1 applications preferably without changing the APl MPMS Chapter 11.1
methodologies.

The temperature-density behavior of denatured ethanol needed to be established and a standard procedure for
calculating standard volumes published. Various sources of this information existed, predominately for pure ethanol,
on different bases and with different levels of documentation.

A testing protocol was developed that would gather sufficient information on various denatured ethanol/BOB blends
so that the necessary thermal expansion coefficients for API MPMS Chapter 11.1 could be calculated. Additional
testing was performed to determine how long a mixture required to reach a stable density.

5.2 Laboratory Testing, (agoe)

The density-temperature behavior of denatured ethanol-gasoline blends was evaluated in a laboratory testing
program conducted under contract with API. These data were intended to be used to implement an accurate thermal
expansion coefficient, o, within the existing AP MPMS Chapter 11.1.

Four denatured ethanol samples were used, identified as F1, F2, F3, and F4, provided by the Renewable Fuels
Association:

— FS1: 2 % natural gasoline by volume to 98 % fuel ethanol
— FS2: 5 % natural gasoline by volume to 95 % fuel ethanol
— FS3: 2 % gasoline by volume to 98 % fuel ethanol
— FS4:5 % gasoline by volume to 95 % fuel ethanol

The BOB gasoline samples used were donated by one of the project sponsors and identified as FS5, FS6, FS7, and
FS8. The different samples covered a range of densities, aromatic and saturate compositions, and Reid vapor
pressures (RVPs). Detailed analyses of the BOB samples are included in the Annex A subfolder entitled “A.5
Section 7 Ethanol Gasoline Feedstock”.

Individual blend samples are identified throughout the studies as some combination of the feedstock identifiers and
the concentration of the denatured ethanol volume percent. As discussed below, the individual test runs were
numbered and the results of all the tests on a single blend were also combined into datasets that were assigned
numbers. Though these ID schemes were internally consistent within a single researcher, the user will find it easier to
follow the suggestion above.

The laboratory program was extended to include additional concentration-temperature pairs and testing continued in
phases from 2008 through 2013. In 2011, testing of 15 % and 35 % blends as well as retesting of the gasoline blend
stock bases was authorized. Table 1 shows the range of testing data developed for the project.

The four ethanol feedstocks (FS1 through FS4) and the BOB feedstocks (FS5 through FS8) were tested at —20 °C,
-18.9 °C,-17.8 °C,-16.7 °C, -12.2 °C, -1.1 °C, 10 °C, 21.1 °C, 26.7 °C, 32.2 °C, 37.8 °C, and 43.3 °C (-4 °F, -2 °F,
0 °F, 2 °F, 10 °F, 30 °F, 50 °F, 70 °F, 80 °F, 90 °F, 100 °F and 110 °F). Blend samples of 15 % and 35 % denatured
ethanol were added later to the original testing matrix. The 35 % blend was only tested at 15.6 °C %I‘t):u ments
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