ILI-TL NETL Life Cycle Inventory Data
k. Process Documentation File

Process Name: Membrane Separation of CO, and Hydrocarbons

Reference Flow: 1 kg of carbon dioxide ready for reinjection

Brief Description: Separation of CO, and hydrocarbons using membrane
technology

Section I: Meta Data

Geographical Coverage: United States Region: United States
Year Data Best Represents: 2012

Process Type: Basic Process (BP)

Process Scope: Gate-to-Gate Process (GG)

Allocation Applied: No

Completeness: All Relevant Flows Captured

Flows Aggregated in Data Set:
Process O Energy Use O Energy P&D 0 Material P&D
Relevant Output Flows Included in Data Set:

Releases to Air: O Greenhouse Gases O Criteria Air O Other

Releases to Water: O Inorganic 0 Organic Emissions O Other

Water Usage: O water Consumption O water Demand (throughput)

Releases to Soil: O Inorganic Releases O Organic Releases O Other

Adjustable Process Parameters:

None

Tracked Input Flows:

Feed gas Feed stream that is received from a
pretreatment system with compression
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Tracked Output Flows:

Carbon dioxide ready for reinjection Reference flow
Product hydrocarbon stream Mixed hydrocarbon stream that is sent
to an acid gas removal unit

Section 11: Process Description

Associated Documentation

This unit process is composed of this document and the data sheet (DS)
DS Stage3 O Membrane Separation 2012.01.x/s, which provides additional
details regarding relevant calculations, data quality, and references.

Goal and Scope

This unit process provides a summary of relevant input and output flows
associated with the operation of a membrane separation unit at an EOR
(Enhanced Oil Recovery) gas separation plant. The input is a feed stream
containing CO, (carbon dioxide) and hydrocarbons. The outputs are separate
CO, and hydrocarbon streams. The compression of the feed stream occurs in an
upstream unit process. The reference flow of this unit process is: 1 kg of carbon
dioxide stream ready for reinjection.

Boundary and Description

This unit process provides a summary of relevant input and output flows associated
with the operation of a membrane separation unit at an EOR (Enhanced Oil Recovery)
gas separation plant. The input is a feed stream containing CO, (carbon dioxide) and
hydrocarbons. The outputs are separate CO, and hydrocarbon streams. The
compression of the feed stream occurs in an upstream unit process, so it is not
accounted for in this unit process.

The composition of the feed gas stream is based on data from a refrigeration
process analysis to be consistent with other separation unit processes(Vargas,
2010). The components include carbon dioxide, hydrogen, methane and higher
hydrocarbons, and hydrogen sulfide. The composition of the feed gas stream
was converted from molar flow rates to mass flow rates using the mole weights
of each component. The feed gas stream has a CO, composition of 93 percent
(by mass). The inlet and reinjection streams were normalized based on the EOR
gas composition of an average well in the Permian Basin (NETL, 2010). The
three salable streams were also scaled so that they are representative of the
change in the inlet composition.

Page 2 of 6
DF_Stage3_O_Membrane_Separation_2012.01.docx



e NETL Life Cycle Inventory Data — Process Documentation File

Membrane separation technology separates two types of gases based on differences
between their diffusion rates through a polymer membrane. The selectivity of a
membrane is a comparison of the permeability rates of two components. The
composition of the output streams from this unit process is based on a selectivity of 15,
which means that CO, passes through the membrane 15 times faster than methane.
This selectivity is representative of the properties of cellulose acetate, a material that is
commonly used in separation systems that remove CO, from gas streams (Baker and
Lokhandwala, 2007; Oil and Gas Journal, 2002). A typical scheme for membrane
separation at an EOR site is a hybrid approach between membrane and amine-based
CO, removal. A hybrid scheme is ideal for high flow rates of gas streams with high
concentrations of CO,, which is the case at EOR gas processing facilities. The
membrane unit removes two-thirds of the CO, in the inlet stream, and the remaining
CO; is removed by the amine-based CO, removal process downstream from the
membrane unit (Baker and Lokhandwala, 2007).

The retentate stream, which is a mix of CO, and hydrocarbon, from the unit process is
sent to an amine-based acid gas removal unit for additional CO, removal. The
environmental burdens for the operation of the amine-based acid gas removal unit are
accounted for by another unit process outside of the boundaries of this unit process.

Figure 1: Unit Process Scope and Boundary

Membrane Separation of CO, and Hydrocarbons:
System Boundary

Separation of CO; and
Feed gas 2
’ } hydrocarbons using
membrane technology
v v
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Process Carbon dioxide ready Hydrocarbon stream
for reinjection (to amine-based acid
/7 Upstream gas removal unit)
/__/  Emissions Data
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Table 1. Stream Composition

Mixed Hydrocarbon
Stream

CO, Separated (To (to additional acid

Component Units Feed EOR Re-injection) gas removal)
H, kg 0.00000 0.00000 0.00000
N, kg 0.00262 0.00171 0.00429
CO, kg 0.96691 0.99360 0.91760
H2S kg 0.00329 0.00261 0.00454
C1l kg 0.00257 0.00006 0.00719
C2 kg 0.00430 0.00020 0.01188
C3 kg 0.00748 0.00051 0.02034
iC4 kg 0.00179 0.00016 0.00479
C4 kg 0.00456 0.00041 0.01222
iC5+ kg 0.00650 0.00073 0.01716
Total kg 1 1 1
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Table 2: Unit Process Input and Output Flows

Flow Name ‘ Value | Units (Per Reference Flow)
Inputs
Feed gas ‘ 1.5414 | kg
Outputs
Carbon dioxide ready for reinjection 1.0000 kg
Product hydrocarbon stream 0.5414 kg

* Bold face clarifies that the value shown does not include upstream environmental flows.

Embedded Unit Processes
None.
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Section 111: Document Control Information

Date Created: October 24, 2012
Point of Contact: Timothy Skone (NETL), Timothy.Skone@NETL.DOE.GOV
Revision History:
Original/no revisions
How to Cite This Document: This document should be cited as:

NETL (2012). NETL Life Cycle Inventory Data — Unit Process: Membrane Separation
of CO, and Hydrocarbons. U.S. Department of Energy, National Energy Technology
Laboratory. Last Updated: October 2012 (version 01). www.netl.doe.gov/energy-
analyses (http://www.netl.doe.gov/energy-analyses)

Section 1V: Disclaimer

Neither the U.S. Department of Energy (DOE) National Energy Technology Laboratory
(NETL) nor any person acting on behalf of these organizations:

A. Makes any warranty or representation, express or implied, with respect to the
accuracy, completeness, or usefulness of the information contained in this
document, or that the use of any information, apparatus, method, or process
disclosed in this document may not infringe on privately owned rights; or

B. Assumes any liability with this report as to its use, or damages resulting from
the use of any information, apparatus, method, or process disclosed in this
document.

Reference herein to any specific commercial product, process, or service by trade name,
trademark, manufacturer, or otherwise, does not necessarily constitute or imply its
endorsement, recommendation, or favoring by NETL. The views and opinions of the
authors expressed herein do not necessarily state or reflect those of NETL.
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