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Hydrogen and Hydrogen Carriers ¥

Comparison of Commercial, SOA, Fossil-Based NH; Production Technologies

Objective
+ Publish a peer-reviewed study fitled “Comparison of Commercial, State-of-the-Art, Fossil-Based NH; Production Technologies”
Rationale

* Production of ammonia from clean hydrogen is currently viewed as a leading approach toward overcoming inherent challenges of fransporting clean
hydrogen to domestic and international markets

+ The cost and carbon intensity of ammonia depends on the underlying hydrogen production route st
+ Reference/baseline cost and performance estimates are needed for current, b ?
commercial-scale, SOA, fossil-based ammonia production facilities with CCS ‘ .
Approqch 19 UNIT 22— Compressor [ 2> PRopUCT
+ Literature review and information gathering (building upon past SSAE efforts) to ¢ ¢
inform process modeling sream 2
» Establish Design Bases and Case Matric (expanded from past SSAE efforts) [

NATURAL
L GAS,, . SULFUR RIMA a ECONDARY o SYNGAS SHIFT METHANATION

Perform process modeling and TEA/LCA evaluation in accordance SV T SV O BN
with SSAE QGESS methodology : |

* Include sensitivity analyses of key process variables o
Outcome > s [a—is—| M e
+ Provide an important reference for policy and decision-makers within DOEas ' 1)

well as the external R&D community AR T e |

+ Platform for follow-on analyses that may include establishment of R&D goals
and advanced NH; production concept assessments

Note: Block flow diagram is not intended to
represent a complete material balance. Only
major process streams and equipment are
shown.

Block Flow Diagram of Ammonia Production via SMR with CCS$
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NG Pyrolysis LCA

Objective

Conduct life cycle analyses to coincide with TEAs for NG pyrolysis

Rationale

In June 2021, DOE launched the Hydrogen Shot with a goal to reduce the cost of clean hydrogen production to $1/kg within one decade

SSAE subsequently completed an integrated pathway screening analysis to identify potential technology and non-technology routes to achieving the
Hydrogen Shot goal—NG pyrolysis concepts were identified as promising

This project will provide valuable insight on plasma and catalytic-based pyrolysis pathways for DOE FECM Program Management and DOE's Hydrogen
and Fuel Cells Technology Office (HFTO)

STACK

Approach s
+ Develop contemporary references for commercial and emerging hydrogen '
production technologies featuring different pyrolysis types (e.g., plasma, Exchancers
catalytic) using the LCOH (2018 $/kg) and life cycle carbon intensity ;
(kg CO,e/kg H,) as the figure of merit i ol s L e i
Outcome - o o] e
+ Valuable technical reference(s) for use in external modeling efforts Process GasRecvele | meevae | o
(e.g.. H2A, H2ALite, R&D GREET, 45VH2-GREET) ¢ Cowpressor [ fz
+ Valuable technical reference(s) for potential follow-on - ! - _ P' -
analysis fo assess R&D impacts to LCOH M i prevees 2wl ol e cooters o il e oo [OR]LSme [10 coupnessor
! 7 A
i ’ '

SoLD HYDROGEN

CARBON
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Hydrogen and Hydrogen Carriers N=|ArionaL
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Net-Zero H, Production via Gasification LABORATORY

Obijective

+ Complete reference cost and performance models for gasification
systems fed with biomass, MSW, and waste plastics

Rationale

* Reference performance, cost, and greenhouse gas footprints are ' Potential ‘
necessary to assess how DOE's Hydrogen Shot goal might be c::‘?;::m o Bl i i b
achieved using gasification systems fed with biomass, MSW, and Meskahs Sompolani o

. . includes transport to pipeline or

waste p'OSTlCS seqf;estroﬁon

Approach P T T rrmmm e :

. . . . I

« Develop design basis assumptions, steady-state thermodynamic .- MW o rrecren [ Pr;‘:’m:e(:"g Gasification :

modeling, and levelized cost of hydrogen estimates for each system fromDeep | | Angelina [~| Facility ™ paricle size for P;;::;ss/ — !
. . . . . Landfill ifier feed 2

+ Develop attributional life cycle GHG characterizations of feedstocks East Texes an : gasifier feed) :
to be considered in the system design bases and life cycle profiles of I Process Plant Cost and Performance Boundary;
each system I Greenhouse Gas (GHG) Emission Boundary |

Y M:": e?tl;i:g':o 'L (includes GHG of plant utilities; H, at plant gate) 1
Outcome EastTexes [ oo TTT-TmTmTmTmTmTmmmTmTmTmTmTmmmmTTTT
. . Landfills « The design of the screening facility is not considered in the current study

* NEITL lacks benchmark cost and performance information for +  Characteristics of the MSW leaving the screening facilty are not included in the study:
gOSlflCOTlOﬂ-bOSGd H2 prod uction sysfems fed with alternative thus, the gasifier feed preparation is an assumed unit operation to achieve the particle
feedstocks. Completion of this study will provide the following benefits: e
+ Reference for R&D decision-making MSW Gasification System Boundary

« Publicly available reference for external R&D community

Using Waste Materials & Energy, September 24, 8:30-10a
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Publish Combined TEA/LCA Study on Net-Zero GHG Hydrogen pathways

Obijective

+  Show the TEAs and LCAs for multiple hydrogen production pathways using
renewable natural gas in lieu of fossil natural gas

Rationale

« For hydrogen fuels to be an environmental benefit, the life cycle GHG emissions
associated with its production need to be less than alternative fuels at a
minimum and ideally less than or equal to zero GHG emissions. This study will
highlight RNG production and hydrogen production pathways that meet that
criterion

Approach

« This is a multi-year, multi-competency effort. In the first year of the MYRP, the ESAT
team will update the RNG production pathways to evaluate their GHG emissions
on a strictly attributional basis (i.e., no credits for avoided emissions), using
different approaches to account for the use (and presumably storage) of
biogenic CO,

Outcome

+ Publicly available study informing stakeholder community of technical and
economic characterization of net-zero H2 production from blended CH, sources

U.S. DEPARTMENT OF

ENERGY Matit Jamieson
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Program Exiramural Project LCA Reviews

o b i eCiive Prime Performer s Award Completion
Technology N 4 Performer $ Naober ¢ Project Title $ s Date $
« Support programs by conducted as-needed technical review of — s
extramural LCA pro ducts i;;:f'ca' Uptake ! \iicroBio Engineering  CA FEQQ31717 FeiiTee Fak b ki ) Oinot ooy

Animal Feeds

R a ii o n a Ie Biological Uptake / Novel Algae Technology to Utilize

Algae Helios-NRG, LLC NY EE0031710 Carbon Dioxide for Value-Added 05/01/2019  07/31/2023

« Asneeded, support for DOE-FECM to evaluate external LCAs . N
submitted as deliverables to recently completed and/or S uomiomia Froopigrg  OOMOn Seaeston SYSem 0 110005 9305004
forfhcoming FOA de“verc bles- Science from Power Plant Flue Gases

Biological Uptake / University of NHAOK Looping with Membrane

Approach Ng:: v Kok KY EE0031921 ébsorbe;dazd Dlsglbuted Stripperfor 1010172020  09/30/2023

nhanc Igae Growth

+ Provide critical reviews for the LCAs and the associated life cycle Doegallptial GebelAge g, Erogazios  CAPONCSBAIE NN gy 093z
model to ensure they are performed according to the FOA ——————
req uirements i;::’eg'ca' vetake ! University of flinois 1L EE0032008 f:'tg;'r:& iﬂf::'x;‘saﬁjg:uc 100122021 03/31/2025

Ti 0

O U i.C o m e Continuous Algae-Based Carbon

Biological Uptake / Texas A&M Agrilife

» NETL Technology Development Center will leverage SSAE oz eseareh SOk o ey
expertise, requesting support for extramural TEA review on a case- R Engncerng Sca
by-case basis. The NETL team will assess each LCA and provide ode R Bl
written feedback to TDC in the form of a memo summarizing CacPaN | s Coog ccopng | PeSTeAsss
r el ev On.l. C Omm en.l.s S Technologies, Inc Utilization

» Follow-up with TDC project managers/TEA performers as needed Cantcruy. VodoPrORS scomesss
to clarify SSAE comments

enerqgy.gov/fecm/fecm-solicitations-and-business-opportunities

U.S. DEPARTMENT OF
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45Q Carbon Oxide Utilization Tax Credit LCA Support

LABORATORY

Obijective NETL 45Q LCA REVIEW CHECKLIST
+  Provide environmental LCA modeling and technical review support to eference tha et com 6l T = ATIGRAL
the Internal Review Support (IRS) for 45Q tax credit applications e o o common & N: ENERGY
. th(sdocumentpmvidesathnrnui TECHNOLOGY
Rationale — — : : review. TL LAEORATORY
« The 45Q tax credit incentivizes implementation of carbon capture, —
utilization, and storage (CCUS) technologies by providing taxpayers a Study Seope Section 2.3 U.S. AVERAGE MARKET CARBON DIOXIDE
dollar amount per fon of qualified carbon oxide stored or utilized Forctoralint |7 Functorl PRODUCTION BASELINE DOCUMENTATION FOR 45Q
+ IRC Section 45Q-4 requires an LCA to be performed to document e . LIFE CYCLE ANALYSIS
amount of qualified carbon oxide for the utilization tax credit and Utiization the (P usi
Approach Ziﬁ:ﬁﬁff”ﬂ“ _SHGorie VERSION 1.0 (2018-2022)
*  Review applicant LCAs to ensure they conform to applicable ISO 14040 f
and 14044 standards and NETL CO2U LCA standards of practice, and i 10U,
model and data are a fair and reasonable estimate of the life cycle N: NATIONAL
greenhouse gas emissions of proposed and comparison systems I = EE(EEI%BLOGY
+ Update and maintain 45Q Addendum to the NETL CO2U LCA TL LABORATORY
Guidance Toolkit, including additional tools and materials relevant to I
45Q effort U.S. AVERAGE NITROGEN FERTILIZER PRODUCTION
Outcome | BASELINE DOCUMENTATION FOR 45Q LIFE CYCLE
+ Consistent, accurate LCAs for determining qualification for 45Q tax I ANALYSIS
credit i
netl.doe.gov/LCA/CO2U/45Q VERSION 1.0 (2018-2022)
JAMES CLARKE, ASHLEY CUTSHAW, JOSEPH CHOU,

MICHELLE KRYNOCK, GREGORY COONEY

U.S. DEPARTMENT OF

ENERGY
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Bipartisan Infrastructure Law - Utilization Procurement Grants (UPGrants)

Obijective

* Provide environmental LCA/assessment modeling and technical review support for the
Utilization Procurement Grants (UPGrants) program

Rationale

+  The commercial or industrial products to be procured and used under the UPGrants program
will need to demonstrate significant net reductions in life cycle greenhouse gas emissions
compared to incumbent technologies, processes, and products

*  Vendors must complete LCAs to determine qualification for the program

Approach

« NETL will provide support to vendors navigating the UPGrants Addendum to the NETL CO2U LCA
Guidance Toolkit to develop their own LCAs for the UPGrants program

« NETL will provide a critical review summary to HQ for each UPGrants LCA to aid in deciding
quadlification for the program

» Critical reviews will include a review of appropriateness of documentation, conformance to the
program's LCA guidelines, and technical accuracy

Outcome
+ Consistent and accurate LCAs necessary to determine qualification for the UPGrants program

+ Alist of vendors qualified to sell carbon conversion products to eligible entities (states, local
governments, public utilities or agencies) under UPGrants program

netl.doe.gov/upgrants

Using Carbon, September 24, 10:30a-12p

U.S. DEPARTMENT OF

ENERGY Michelle Krynock, ESAT, Life Cycle Analysis
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Comparative LCA of CO, Utilization in Concrete LABORATORY

Objective

+ Compare the environmental impacts of various
concretes produced with and without CO2 utilization processes

Rationale

+ CO2 utilization in concrete has been one of the most visible ways
to use CO2 largely through the use of CO2 during the curing
process. However, that's only one pathway at one specific point
in the process of making concrete. This study seeks to compare
combinations of the other points in concrete production that can
be targeted for CO2 utilization.

Approach

+ Use publicly available literature and common life cycle scopes
and boundaries to build life cycle models of and assess the
various pathways for using CO2 in concrete production to reduce
the carbon intensity.

Outicome

« Comparative global warming potential assessment of various
methods of concrete production to inform research and
decision makers.

Binders

CO, >
CONVENTIONAL I BATCHING &
AGGREGATES MIXING ‘
STEEL SLAG
CcoO,

oL

Aggregates

Better Concrete, September 26, 3:30p-5:00p

U.S. DEPARTMENT OF

ENERGY Michelle Krynock
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Mineral Sustainability

LCA of CMM Recovery from Brine

Obijective

« Characterize the environmental impacts, including the TRACI
impact method categories, water consumption and energy
consumption, of recovering critical minerals and materials
from brines

Rationale

+ Toinform LCA of produced water in future years, a baseline
life cycle analysis for lithium recovery using conventional
evaporative methods is required

Approach

* Leverage previous literature review on critical minerals to
perform an LCA of the process

Outicome

« Environmental tradeoffs of Lirecovery from brine

netl.doe.qgov/resource-sustainability/critical-minerals-and-
materials

.S. DEPARTMENT OF

ENERGY Michelle Krynock
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« Life cycle impacts of waste-to-energy pathways: A comparative analysis
of accounting methodes.
Using Waste. Tuesday, September 24, 2024. 8:30a-10:000

« Comparative life cycle analysis of carbon dioxide utilization in concrete
products.

Better Concrete. Thursday, September 26, 2024. 3:30-5:00p

 NETL LCA Tools for Carbon Conversion Technology Appraisals.
Using Carbon. Wednesday, September 25, 2024. 10:30a-12:00p

« Life Cycle Impact Assessment as a Vehicle for Quality Review: A New
Carbon Balance Tool.
Poster
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This report was prepared as an account of work sponsored by an agency of
the United States Government. Neither the United States Government nor
any agency thereof, nor any of their employees, makes any warranty,
express or mplied, or assumes any legal liability or responsibility for the
accuracy, completeness, or usefulness of any information, apparatus,
product, or process disclosed, or represents that its use would not infringe
privately owned rights. Reference herein to any specific commercial
product, process, or service by frade name, frademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein do not
necessarily state or reflect those of the United States Government or any
agency thereof.
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VISIT US AT: ‘

@NETL_DOE

GNETLDOE Life Cycle Analysis

energy sustainability

@NationalEnergyTechnologylLaboratory

CONTACT:

Matt Jamieson
Matthew.Jamieson@netl.doe.gov
412.386.7610

Michelle Krynock
Michelle Krynock@netl.doe.gov
412.386.5879

Robert (RJ) James I
Robert.James@netl.doe.gov

304.285.4309
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