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MONDAY, SEPTEMBER 9
PLENARY SESSION 8:00 AM — 9:45 AM

DIGITALIZATION

NET-ZERO

Welcome
and
Opening Plenary

PLANT OPTIMIZATION

PRESSURE PARTS AND MATERIALS

dropowe

RENEWABLES

ROTATING EQUIPMENT
WATER AND LAND - ar - eline
8:00 AM - 9:45 AM SESSIONS 10 15 AM - 121 W PM SESSIONS 1:00 PM - 2:45 PM SESSIONS 3:15 PM - 5:00 PM SESSIONS

Air Quality Assessments and Mulfi haracterization (23 Selective Catalytic Reduction (SCR) Performance Issues (23

Emissions Controls (253) Combusno‘nssc&r;(; %;};bon Eonirel

NET-ZERO Bulk Energy storage (221) |

Plant Management Essentials {225 Heat Rate and Flexibility: Generation Fleet Optimization (223
nt mmissioning and Site

PLANT OPTIMIZATION

PRESSURE PARTS AND MATERIALS

ES

ROTATING EQUIPMENT

WATER AND LAND

Auom Resource Profection (239

8:00 AM - 9 0 0 00 o 00 o 00 0
AR Continuous Emissions Monitoring and Measurements (233)
Security for Generation Assets {209
Monitoring and Advanced Data Analytics (228]
NET-ZERO . n it X 2:

DIGITALIZATION

Boiler and Turbine Steam and

PLANT OPTIMIZATION )
PRESSURE PARTS AND MATERIALS Heat Recovery Steam Generators (218) Power Plant Piping (215)

RENEWABLES Turbir itoring —
WATER AND LAND Coal Combustion Product Land and Groundwater Management (242

1SC: D 2 Stora 1SC: Power Generation
LOW-CARBON RESOURCES INITIATIVE Rl Plena R e (e 5 TSC: Environmental Aspects and
(LCRI) ectro ocessé Safel

THURSDAY. SEPTEMBER 12 8:00 AM - 9:45 AM SESSIONS 10:15 AM ~ 12:00 PM SESSIONS 1:00 PM ~ 2:45 PM SESSIONS 3:15 PM - 5:00 PM SESSIONS

RO s e TSC: Integrated Energy System and H TSC: End Uses: Industrial,
(LCRI) Analysis Trans: onanon&BuAIdln s

(1) 21 P221: Bulk Energy Storage 512

ZaTEIERE MR - PRI BN R RE AR B nT T HIBT G 2 - DUIHESRE
RUE K ~ R FARERIT - HTFCERHIEHE © FRERMTAYRPLNIELE: > SRl
LEHEE > KRBT S - FERT RIS SR E - AN SIRNE > SEH

el > REIMERRERT - REEAR G E - #ETEIHAT (20244F) 45 3441
SEFE3AIM ~ 6 {ElEUZ ~ FISSE20E ] - 2023 F-E2yHiEiE 500855 KHYRAE & B &k
5%7% 600 LA ERVERSL ~ SCEMHEAMIFA - IR ER ZS#EFAIRS . 0 2024 F3(TH
FEWELAIRA AR

723 . P221: Bulk Energy Storage:#fE3<
TIME TOPIC PRESENTER

8:00 a.m. Introductions and Overview Andrew Maxson, EPRI




8:30 a.m. | Energy Storage Costs: Lessons Learned Justin Raade, EPRI

2024 P221 Project Highlights

9:00 am Commercial Readiness George Booras, EPRI Jacob
7 | ESTEEM Rushkoff, EPRI

9:30a.m. | New Supplemental and T1 Update Kelyn Wood, EPRI

10:15 a.m. | 2025 P221 Planned Project Deck P221 Team, EPRI

Member Panel Session: Use Cases and Future

11:15a.m. | Energy Storage Needs (ConEd, ESB, SMUD,| Scott Hume, EPRI

and TVA)

1:00 p.m. | Energy Storage Presentation: Fourth Power Power

Dr. Asegun Henry, Fourth

1:30 p.m. | Government Projects Horst Hack, EPRI

1:45 p.m. | Member Roundtable

Jared Troyer, Duke; Tony

Bazzi, DTE

2:30 p.m. | Special Announcement Andrew Maxson, EPRI
2:45p.m. | Adjourn All

4. 2024 AT 5 20255 FHIE T 2 S ZEHE
Project Title Completed
2024 Bulk Energy Storage Feasibility Study Dec 2024
Bulk Energy Storage Field Projects Dec 2024
Bulk Energy Storage Webcasts Bi-monthly 2024
Carbon-Free CAES Feasibility Study Jun 2024
Commercial Readiness Level Assessments for Bulk Energy Storage | Dec 2024
Technologies
Energy Storage 101 Dec 2024
Energy Storage Technology Database (ESTD ) Dec 2024
Executive Summary — Inertia, Grid Stability, and Bulk Energy Storage | Apr 2024
Industrial Decarbonization Using TES Dec 2024
Long-Duration Energy Storage Cost-Benefit Case Studies: Optimizing | Dec 2024
Duration with DER-VET Dispatch Analysis
Member Buddy Meetings Monthly 2024
Performance Modeling Reports Dec 2024
Software System Development: ESST and ESTEEM Aug 2024

Technical Meetings

July 30; Nov 2024




2024 P221 24 T FA{E T EE o Hh—TE Apg Rk #E (Commercial Readiness
level ; ffECRL ) ~ EZBIFRS 2E ~ BUFHERE - S0 B8 A7 it (68 A B i Bl 248
( Technology Readiness Level ; f§fETRL) - HRiA[E - FEERTRL £FEEAAIRE
FELERA T - Pl a s « oK - (LIEHE - 5877 - BULAUARET A F - Kb
P22151EkE TTRLA) » 5 T HEJFE e HENTFEET =2 (Advanced Research Projects Agency
-Energy ; fEifEARPA-e) FI4H&YINEEIRIFFCELZEfE S (New York State Energy Research
and Development Authority ; f&5fE NYSERDA ) Bt HAYRE X #E ( Commercial
Readiness level ; F§fECRL ) B#R A #VE (Adoption Readiness Level ; fi5fEARL ) i
Foa b B RE ROl BE BB - — Gl R A RUiniRss A e UETTARE - AT RSk
A - KF ARLICRLISHEE IR 0% EERE R flo &kl BE  ( Energy Storage Technology
Database ; fEfHESTD ) A5y TRGERERNT » 982 DAMSUR /& 75 52 RAT & 25 (A 6 W {18
I o

Z5. ARPA-e CRL

Demonstration data, but little] Ready for deployment

commercialtraction SERR B AR
EIER 0 EREER SN
* o
— [TTTTTTTTTT T T [T TTTTTTTTTTTTTTTTT T
a4 i
. Emerging technologies i Marketing and salesplan, but
LR ff i no pilot atscale
 BATEARISHEETE] > 02
PNl
ARL/CRL
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9 | EEN T EIZAE -

11 55 80— &1 31 72 B2 Ky 5 B8 By 2 4878 i 51152 4 Energy Storage Techno -
Economic Estimation Model (ESTEEM) - &% HBIESTEEMpSE{THYEL 2 E R il
S RER MR T #RIRYEEAL#AE .40 Battery Energy Storage System (BESS) 24 » 7
FRIAfFEEE (long during energy storage ) 75K HEAMEAN » B 17 BRGEZZ SR 21 - BABERE(T
TNEWE BV Z — » EPRIFE2022~20254F Z fijry R 5l i H 2 AU FE
1. Hydrostors: #EBREEZE s EERE ( Advanced Compressed Air Energy Storage )

Hydrostor & —ZR 2 o0 i BRYA 22 R EERE AR T Y BLIE RS - 2 nl5e H AR & &
I BARERE VT R IEF N A FHEESE - (HEEAYE 2 pHae S e v AL R B 38 - W REORE
d4g75 & - Hydrostor &Ll EAMY e AR 4R 22 R fifige (“A-CAES”) #{fla 2 B ~ Ar
F o MBI AT LU Bt R IR Y EERE © A-CAES {5 FZR H BREEAT R AR SRR RIGRTT
HREARE g Bl — (i ] R HURERE 2 4 © R B AR AN ~ A& - H.
AT DR R 5 /NFEIZ RAVEER - Hydrostor £ BRHE A HEA Iz A [EFH 20
LHVEZE > FEFFEARAEE 200 MW HIEE -

2. Energy Dome CO: Egjif,

Energy Dome &—ZGi% CO2 MM » Hir @A S bl T RIFR
RFUEGEREVRNT © Z ARG TIEFEH - K S RFEERRGINGE - TAEFRE
IR DLE R EBAGEREIEER - RO TR b RAER T - (EH S bk E
BEAE RN E S A DUER G > B —HIERE A E M A 28 - RIS EEN
E B Z HSE, - R SRR E Y BLIE - BAgHEE T SEMAHEE - COz BEMHY ALY
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Ry H— o 3 H B B AV EERERRFRE] o HEEHAeR ] 75% o (B R AR B 4
RERVHEAHIEESE - Energy Dome CL{EBUMETL 7 20MW HYEURE T > B e RS
E A2 25MW - [ {7 100~200 MWh gE& - ITETEIERERHEE - THEFEMESEN
R AT A AR R R EA R AR T -

3. Storworks;E &t T ZAFEEETFE Concrete Thermal Energy Storage (CTES)

Storworks &— ¢ B SR At T ENBE REFRUla MR - CTESE—MEGEREF /T4 »
R B ADRIRIFRRE & - St i TR BURBRE R RaET - (FH BEA S EE B/
it BV ATA R R AR AR - WA ~ RS DRI K% » ZEGa BRI E S
BHRAE ~ BN ERL - DURAEREFE N S R EREE » EE TN LR
FELFIERT - JEAE T ZUAEEE(FE - EPRIFI Storworks Power& st CTESZ R i e i B B
HEERES - ZakaT(E I RADRSE T3 - B Rk TS BAr S BRI T A B - IAE
AN R B R S IR AT RYE TIIBVET > B EE R0
KB LR NNEMG 7K 28 AE I b Ry M B T34 88 - DUEE AR BRSO M Y » 78
Tl J77E A DUER TR E THIRF ] - B2 S s e b i R i B B e = T g i
PCHTHEEE o RIVEMBRAT R 1% » JRAE T 240 n] DR EECR AT, - EPRI F1Storworks
Power £ [ fi7 (2 f N EE 72 B 20219 H Bi4n - 7220224 [ HET T IOMWIE B¢ 1 ZAaE 7
25 AR EH60(E R4 - EHEEBEER 18I - TF{ERE 11455200 kWh » fE SRR
FRRLIET0%H]80% 2 ] -

4. Highview;§REZ= R £EAE ( Liquid Air Energy Storage LAES)

Z AT H R b ZE REEFEZ SROTHE AR - EFR KSR EREE - ZRL
BLANLR LR FEF R ST SFRERFEFIIBICR - HEEhintEE - H
BALZE RFREL -196°CHRE » [N EEF IR HIS S R 5% - Highview Powerfl ] F Az g8
SR FEViridor&ERfEE T SMW/1SMWhEYTH 5 55 —(EAG 22 R A (liquid air energy
storage - LAES) /R#gfHH » 201846 H IEZEE) - 3% IH HITE5< B BUM 12 L2 15800
FEPEHE S o ALHTEE S WO B 2 Bury By Pilsworth i S SR8 55 - 38 8 fe IR B
B (EIEEIERE ) B2 RAAIR-196CHIRES - A RFREZE REEFEERENIE
e o & FREENIN > R HURRRZE R - RN ERER S G E R AR

il

s
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5. MaltathZifEEgEPumped Heat Energy Storage (PHES)
MaltafJ i A RE

RE B FE AR -
GEL

THE

SR
ELRE

e E

iz BEZHIEEE

R EIFHRERE

(Pumped Heat Energy Storage, PHES )
REEL R ELRER 2 RE
» F B AT LR R A B A ]
EPRIR A EfEREHRGHBEE -

770 DURERIRHIRE

& TR AT A SRR
» o B EEFAE SRS AR RS T

FHYEEIfETE
B A FERESUERTEE S (pilot

A Tz RIE AU S BRI  BEE T i - A MRS T
FEAREE ] o BRI ESE N BT

plant) HEFTHFEN ZHFR GG ~ BFAMEGETEIRIME R BUE & - #5 DISHS RN AR
T E&ERZE - EPRI K E SR EI HEIVAEEIRER - HEENHEEFIRE TIFRE
& - EPRI g ¥ PAEEER BT BILEE - DR ST R B BRI E L - R
8.51|tH T EPRIF£2022~20254 [y 55 B B 2K -
7. EPRI{E2022~2025F 7 R B Gal Bp B 22
Year | Developer Technology Type TRL| Location Size
EnergyNest Concrete Mechanical | 6 Norway 4 MWh
TX
Malta Pumped heat Thermal 4 100 kw
2022 Hmp (SWRI)
[ | Renewell Gravity/oil Wells| Mechanical | 4 CA 100 kWh
2023 | Energy Dome CO2 Mechanical | 7 Italy 4 MWh
RedoxBlox Mz.agnesmm Chemical 5 OR 100 kWh
oxide
Antora Energy | Carbon graphite | Thermal 5 CA 500 kWh
2024 | Hydrostor Advanced . Mechanical | 6 Canada 8 MWh
compressed air
Rondo Refractory brick | Thermal 7 CA 2 MWh
Advanced ~ Rail Gravity Mechanical | 6 NV 1 MWh
Energy Storage
Energy Dome CO2 Mechanical | 7 Italy 200 MWh
o025 | ENergy Vault Gravity Mechanical | 7 TX 3.1 MWh
Magaldi Sand Thermal 5 Italy 4 MWhh
Sage Water Mechanical | 7 | TX 1 MWh
Geosystems

12
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TEARRNE P S IR 2025078 1Bt r Tai i » 28.~11. # TAEIFH - (&
GG ~ FERI G SR R Rl B 8 15 -
Z28. Advanced Rail Energy Storage ( ARES)

TAEFE

TR (5 S 2 5 AR AR B R B L
BT o TR R SRR &
rELEENTT -

s i
R BRI H T

ARIRR | s RG] (FER M1
MR | JgEb)

[EATEE QUL
TBERSER © 90% TRL : 6

T GERERIRE IS

=ay P40 | AR ¢ 5 MW1 MWh

Z29. Energy Dome
TARJFE

LA CO2 R Ryl YEl LIRS A B4
ZERIFREIVPIEREES - PVEFER RS T
BV ERGEEN - FEFRIUR R [E]CO2 -
T Y CO2% [ FaTAEER M N T
LRI B 2s T -

HERCEY CO2 FE#EIT R SR BRI 58 14 SR B
T -

{EEE i Bh
SRR FBEE KL EE
(95N CO2 Bk fa
JEREE FtgR

B TRL ¢ 6

T EERE ~ REEESFIE M LE (T8 75~80%

FIEE ) - R B 10/ = 300 B AR
=i 2.5 MW/4 MWh
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(2) ZHILCRI’s Crosscutting Demonstration Portfolioggf2

EPRI LCRI Frsgtd THY Rzt &7 AP EE - BRI KBS IEEL © HLCRIGEA
HATEIF I ER L TR EE © QF EUEEIEE © ¢t M =M b F T
af e S WP BSOS EdEt EI B AL - Ot ERTIEE « MFILCRI R H A
T KA PEELHT HAR - WBHMAPEEL 180T - fEFEER IRYLCRURE T EH 52404 - L& KH
LCRI &E&(HHEZEUSD 9.7 M - (55— P AR ARIZFIUSD 211 M - {2251 EIHCE
RELCRI B HEEUSD 21 M - SFEHARCA G 2 F]USD 500 M » LCRIFYAEARELAS

(Leverage Ratio ) #£24 : 1 - ¥—f%/A\EIM S » MEMARELEZE (Leverage Ratio) AYE Bt
T A EIM B EEE T R E R AT E S ACRER B R > SRR RN AEEH TS
e ERE B HEE TR - (HSEE T e SRR o ERREEER - RoRAH]
HEHRIEE F OB R R & < - MIESMEME BT - IS fEsE s E s - (HA]
REt E IR A TR KRE ST - LCRI B TRYET EITH B RHKE FrE T E Y 255451 go/no-
QoIS » HHHTF NG - R B R S & D 2RI A Sl m) HU e AR BE ) -
F12 HIHLCRIFTEE 2 &5l B & 112024~ 2027 F I THE HESh 2 24(E réira H -
12 LCRIFTEE Z S50 il0Z B 845 2024~2027 - ] P T HEEh 2 24(#0 R EiH H

Lead TSC Demonstration Project

« HyMist: Hydrogen Underground Storage Demonstration in Porous Rock|

Delivery & at the Mist Natural Gas Storage Facility, Oregon

Storage « Demonstration for Validation of Defect Tolerance in Repurposed
Pipeline

« Assessment of Hydrogen Storage Opportunities in Underground
Geologic Formation in Illinois

+ System Design, Safety and Test Plan Review: Baltimore Gas & Electric’s
Spring Gardens Hydrogen Blending Facility

» PEM Electrolyzer Demonstration Performance Testing & 100% H2 fired
GT CEMS Compatibility Assessment

« Performance evaluation of power to Hydrogen to power system with

Electrolysis AEM electrolyzer, integrated storage,and fuel cell

« Hydrogen microgrid demonstration with PEM, storage and microturbines

« Demonstration of an Integrated Alkaline Electrolysis, Hydrogen Storage,
100% Hydrogen-Fired Microturbineand Hydrogen Fuel Cell System

« Enabling Alternative Water Supplies for Resilient Electrolyzer|

15



Operations

 Raise Efficiency and Facilitate Carbon Capture (CCUS) and Waste
Heat Capture, in combination with Aluminum Furnace Oxyfuel
Combustion

End Use » Nebraska and lowa 1-80 Heavy-Duty Hydrogen Fueling Corridor

« Integrated, Hydrogen-Enabled Microgrids for Utility Electric and
Hydrogen Vehicles

+ CARBON-Zero-Datacenters: Crafting Advanced Resilient Back-up
Operations with Net-Zero Emissions for Data Centers

« Hydrogen*Connect: Demonstration of Integrated Green Hydrogen
Production, Storage, and Use for Resiliency and Utility Vehicle
Applications

« Low-Carbon Fuels Demonstration for Food Processing Application

* Renewable Diesel for Clean + Dispatchable Power Generation

Power « RICE Operating on Ammonia Demonstration ( ROAD ) for Low-

Generation Carbon Power Generation

« Long-term Testing of Gas Turbine Hot Section Components

 Pyrolysis demonstration for decarbonizing building space heating

Hydrocarbons * A Feasibility Assessment of Retrofitting Compression Station
Reciprocating Internal Combustion Engines with CO2 Capture

« National Carbon Capture Center - Holistic Carbon Management

+ eGas Production for Hydrogen Hub Integration

Renewable  Utilization and Long-Term Storage of Bio-Ethanol + E-Methanol in

Fuels Utility Assets

« Compressor Station Waste Heat Recovery and Combustion Exhaust for
Low-Carbon Hydrogen and Synthetic Methane Production for Pipeline
Utilization

R 7 LCRIBAVTHY/REEETEZ 51 - EPRILEBL SR A BRI AR RHETE] - 1

AR Gk T HR3 H B R Ay as T E Ry

(1) #3528 7,25 ( Tokyo Electric Power Company ) : Energy Supply Chain from
Hydrogen Production to End Use by Power-to-Gas for Carbon Neutrality 2050

(2) =% AH. F] (Petrobras) : Demonstration of a Low-Carbon Microgrid 2MW
Electrolyzer for Converting Renewable Energy to Hydrogen

(3) ¥r&Em4/ 5] Con Edison : Utilization and Long-Term Storage of Bio-Ethanol and
E-Methanol in Utility Assets ( Gas Turbines + Boilers )

H BN Z A B 2MWEk @ HZE B R ZI a5 TP HVRE BT B s 5%

v
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EZ IO Z AR A E] L Senai A REIRIHSC BN —THE/EaR - 25 7T EEE
FAHA T Rio Grande de Norte fJAlto Rodrigues &[5t EE NG » Bt — R ERE T
DAHZEsk S LIS - H B A2 AE A1 A KRS R B M /K FrE A Y SR Y AR EERIfE A -
Alto Rodrigues KI5t G @ S 0){HLAFE H VMBS EE - RARKHEEEAERE 1 MWp
fEREE] 2.5 MWp » DUm e sl R BN E FRK - i1 H Eit2024 FEREE) » TH
511722027 1 H5epliE R o NS BRRGTEl n] AR TRIVE & - S E Rk a
RETH H Bs% - B A B E) 2.4 (Balance of Plant @ BOP) T 242 HAE > I
BT A BRI AR S -

[E1. Alto Rodrigues Photovoltaic Plant, in Rio Grande do Norte

EPRIJE iE (BB th i s B 2 &S ERS By e fa o DREETIBES © IR s &
BB FE K& RS (Request For Proposal : RFP) FEx » £ 5 ZERBHIEIE P PR (A EH
B AR AR > A58(E EPC [EBt - OEM HIFZBH# N & Z ARV - TR A
BEN - BHRICEORIEEEE - DIEEFIE saeatEiE - B{bRSMae - 55
s~ HIRIGEIESRZ By - £ /B RS T T A RS - A E e
FEIN P PR ROER A ME B IE T S AR © ORRUCHE ~ EE B AR (HAZOP)
TR R AT FHE M © HiE TR SR U s - DU OR 28 Snfy o] SEE AT
FUTHIHMERE - [R(RJE ba 438 AT RE TR DR ] - s be 2 MEAIEET Se Bt - b sl
MG AR EHE - EMER RS R N ~ et ~ S E T B R T T EEH
F oo (OEEITHIR ¢ JehErREEREN DAL E R W) iatRE - BUEhBAREEST 2 80a i -
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e AR E S M e AR EOK - B LERMFE L Ml &R - AN EAR
TRAVRFIEAR ST R R (T - MER A LSRR B AR B AR R —2 (a0
[ RIEE ~ R AMEEERFZ SRERS) - EFFEETHERFEESHRIENR
Js 8 - PSS TR MEAERE BRI » M A MRS RO SR B - e dl i B R VE A ERY
ISR R R I R R -

EPRITERS B B0lS /Y BIAYEREE R E Al s & iy E (i B - H TR MEE
WIFERTAEAT - 28 PAEMBEAMERSHIEE - EEIEEE BRIl AR & 81
B RAERBES -

e

=yl

(3) & integrated Energy System Analysisgif2

Z213. Integrated Energy System Analysisz&fEZe

8:00 a.m. Introduction

8:05a.m. | Carbon Capture Costs for Industrial Sources Romey James, EPRI

8:20 a.m. | US-REGEN Sensitivity Analysis Results Geoff Blanford, EPRI
8:40 a.m. | Energy Pathways Tool: Comparing Energy| Chloé Fauvel, EPRI
Requirements

Across Low-Carbon Fuel Applications

9:00 a.m. | Clean Energy Network Analysis Ansh Nasta, GTI Energy

9:15 a.m. Member feedback and discussion All
9:45a.m. | Adjourn

ARG LA 0R13. - L LAE B R E RSO & /£ > &g BlCarbon
Capture Costs for Industrial Sources e ftie 2 &aH > AT RS AV SO BIRpR 72 R
US-REGEN 3 & SR i A2 B 71 2 /KRl ~ 1E AR DR O RR - o3 i 2 $1¥6iE =1
T EACCS (&EHhius - JEWBENES ) - HIECO2F R By AHIZ i
TR E GERFERPE SRR ) RATE T - FraAY AN 22 1T S RIS SR ANTE 2.~
[EX. o [E{x. PR S A CCSTR VA B s (I ATHYEIR IS AT /KBRS BE
900,000 F/4F 5 3EARME * 400,000 SREZME/AF + fHHI400,000f// %) - [E2. B/RH{EE
=l TS A CCSHYRE A LU i = > (B 5 B/ NIFCO2e pa B &5 > FIILA
KR R (E3.) » Hfp NP S bhhamie TSRV E A bR Es (E4. ) >

18



215, Me—s55r AT TR RR R T - BRI - B TR S
(BT SR BT (i 2% -

Capital Expense (Total)

2 $3.0
S
E
$2.5
$2.0
L%
&
S S15 m Utility Units
~ m CO2 Compression Unit
$1.0 m CO2 Capture Unit
$0.5
[— —
., H N
Cement Pulp Refinery
2. 252 A\ CCSFRZEHIAAE AL HEL#L
Cost of Capture ($/tonne CO2)
$120
$101
$100
$80 §74
S68
S60
$40
$20
S0
Cement Pulp & paper QOil refinery

m Captial ®Energy mOther O&M Total
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[E]3. & A\ CCSTRZRY HA &AL Hi L

Operating and Maintenance Costs

5180

Millions

5160

5140

5120

5100

560

$20

Cement Pulp

Refinery

[l 4. bie fri S A = e

K14 B EREVEEE

mSolvent waste disposal
mSolvent (MEA) + Chemical
Energy
mCatalyst
Raw water
mMaintenance
mAdm./gen overheads

m Direct |abour

2024 LE T FEHP CO2 fifE O&M A

Cement Pulp Refinery
$lyear $lyear $lyear
Fixed Direct labour 5,700,000 3,800,000 10,300,000
Costs Adm./gen overheads 1,721,300 1,149,600 3,150,600
Maintenance 9,413,600 7,965,200 50,473,400
Subtotal 16,834,900 12,914,800 63,924,000
Variable | Raw water 471,500 676,400 3,812,700
Costs | Catalyst '3 477,000 0 0
Fuel (Natural Gas) 12,251,000 0| 114,222,500
Solvent (MEA) + Chemical 27546,000 246,000 | ‘*’3,030,500
Electric Energy ‘' 16,629,984 58,131,360 | -21,780,864
Solvent waste disposal 23,788 31,544 169,796
Subtotal 30,399,272 59,085,304 99,454,632
TOTAL O&M COSTS 47,234,172 72,000,104 | 163,378,632
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TlA HyfESRAAT - (1) GfEaHRER - (2) GEEHAEE © (3)
SCR L& : (4) KIeie/M BN - stiihE (4B N i - fhE
RIBR ~ S ERE A Ry - SR T AR S B A IS R R S TR AL )
[ERTBHRARER R ESE -

[ 7B A TE H ) Adm./gen overheads /& administrative/general overheads HJ4E% » f5

HYE A FHEE S B PR — B BRI TR A - BB S T IIEE R E AR

LR HIRASE - 18RS, A HINEE AR BIE AR EEIHE - & EhpAd J LA
REJREER (Fuel EdElectric Energyfyfindd) oKEks -

(4) £1End Use Technical Subcommittee Sessionz&#&

Z215.End Use Technical Subcommittee Session :Ef2 7=

TIME TOPIC
10:15-10:25 Introduction and Meeting Overview
Low-Carbon Fuel Applications in Microgrids, Buildings and Resiliency
Portfolio Update
10:25-10:45 - Portfolio overview, project updates, and recent publications
« Low-Carbon Fuel for Resiliency: Preliminary Assessment for Data
Centers and Grid Impacts
Mobility Portfolio Update
10:45-11:05 + Portfolio overview, project updates, and recent publications
« Energy system impacts of hydrogen fueling stations
11:05-11:20 Memper Pers.pec.tive and Open Discussion: Role of utilities in hydrogen
mobility applications
Industrial Portfolio Update
11:20-11:35 - Portfolio overview, project updates, and recent publications
+ Hydrogen blending lab testing results for commercial and industrial
boilers
11:35-11:45 DOE’ s Hydrogen Hubs and Industrial Decarbonization Update
11:45-noon Member perspective and Open Discussion: Utility strategy surrounding

industrial decarbonization and low-carbon fueled energy hub development
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16, TR EE H ZE A

ELZ AT

M ZSERY] (RHTHERE )

221 1-80 Heavy-Duty
Hydrogen Fueling
Corridor ( NPPD)

JEOR AT DN AT Z e 22 0 1-80 AREHE FR R &
&~ AT DUE D S ERT AR &~ A7 F TR
w2 (EARRE g KT G LSRR e )

Z&2 Integrated, H2-
Enabled Microgrids for
Utility Electric and
Hydrogen Vehicles

( Southern Company )

P A E S BB SURENY EE IR 2 S AR R EE A T 1
2o TR EEBMEEE AR EE o (£ Southern Co
1 GM EE7/TEEEr s - SOWLLHESL - BHMGE4nIE T8
STBEAAIFRE - 2024 4210 H)

23 Hydrogen*Connect
( Xcel Energy )

RSO EGRIAERE ~ fFNER - AR HESEES
AR ERE S - S K BN (5 Y 0 FH BRI Y B
Bt AR RIS B A B o (HBHRENE
SOWELHESE » (175 1 il 2 ELELE))

Z=4
CARBON-Zero-
Datacenters ( OPPD )

L T RRERHIPRE - B E A E IR E R AR ERE P
et rT SRR B - FRlEEER Tl o CZPERE
Gk o HE{TSOWREE - THETHHAANFR] © 2024 410 H )

Z£5 Raise Efficiency and
Facilitate CCUS and
Waste Heat Capture, in
combination with
Aluminum Furnace
Oxyfuel Combustion

( Southern)

50 F & SRV IO T 26 e 7 4 A 90 Y 0 8 o M HE T T 7R 86
(HBHIREEE - SOWLEHERT - #ETTNDA %% )

226 Demonstration of

Hydrogen Blending at Nut

Drying Host Site
(SoCalGas )

A Y R EE AL HYBR DK PR BEES R IR IE F 5 28 2 H2 WA Ne s
( H2IRZARURBE AT 22 100% ) FiRaE fe TEA/LCAGY
i °

F16. ATV ERERCRENRHER - ARG PR AR 4 - g1kt

A B R (A S R
T REIEZ S A R FUT SR HITE ERE B - H o B OSBRI R - A1

(AFC)

FACHTA * FLHY "PARHERR - Rl ONEET

R (EV) 78~ @R - RGERIRAR - Bkl o BESERA o LS AREE
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P — BRI S 5 FU R RO A RS - R AOPARI SR (AFV)  AIDIRIERE
TR AN EFEERARE - S2E0 1-80 WARIAE IS — (I HH BUN SR AR R 78 BB AR i e
T E - EE(EAE-80 NI A B 4R BB BRI UV R R SE B S &R - 5% AE T
TS SRR - (ENIINES S UL 2 FEE N - SN I - @ eEFEEE
PHEE IR ES AR~ — o FEELRRIE RIHY B Y2 R R -R RS E AR - e
AT RETRAYEE IS - DA HE 4 BRI A S ey 4 B A R i S A AR Bk o - -
BOWARE 4 A BB Bl g sl - AR B E BT 5 5 o se B i gk » DA SZ PR Al
BRI REAVELEA - B IEEEF2040F FHH i H EA 0 e Erns s -

25 $riliE B AREEE Al S AU 22 SR E B B LR E S S DR PR BB A AR
HETHYZE SRINEIABEAEEL - EREITEAWRE R "BRPNET o AR S PUHRCR I RS
A - FEHBRIREIBIRE R YRR - B R R AT EEE S HOKERE - (e iR iE L
BRI~ SRR SN0 —2 0 WRAE KRR A b E -

17 2End UsefflnZz 5 &7A BRI EBRIPEHE 251 o i R8P 728 mn&H & 7
BEHrEREA
17, FHRA bR AT 2S5 T B RO 1 2 H & S
Project R

K

[

Optimizing Hybrid Hydrogen-Capable | « Hi5fi% - AR SEI] (BENEL) 20E
Heat Pumps for Emissions Reductions sy a] B M

. Wﬁ%ﬂ% - FBE RO ERE I CA R

o P SE - TEE A WP SRS
Analyzing Decarbonization Pathways E5ERE © ey # 3002028855

for Space Heating in Buildings:
Development of Analytical
Framework and Case Studies

(EUB1)
Conversion of Existing CHP Plants to o Fi| 7 CHP 5 B SR04 1l i 252 2B el By H
low carbon fuels F
* ST B RS HIRH SE T e 46 2 17 45 e i e
FiFEkq
ThermH2 Blending Demonstration o W INAY GTI Energy EHrikts @ KRR
(UT) - Project coordinated with Feam (2023 ) > FEE H2 /tb:[/% 5%
Delivery & Storage TSC (2023 FJi&E ) » MpHE H2 JE4& (20244
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T NE&ESE (ZANeF =&
T - —OE/REEER ) BIRAR
FaR o 1E 2024 fﬁ%?”&%? H2 JE &k

TIEEZ*EEW%FE*&E@?Q@HL
A TR E S > WETT R R BIE
T

. f%1l%ﬁl/\%$%iﬁ¥£m)ﬂ2%§’*ﬂm

B (GQ) BkEx - @ESE&%% (RZR) M
%ﬂﬁé/ﬁé (H2 J8 &) i SRR
2024 52 - £20244F. 4 LCRIBAR
B R 25 B (i A\ 2RI B 855577 1 Bl Y 2%
IR ST ©

H2@Scale Add-on - Hydrogen- o EEZEHA 2024 FEEH ZEELE) o BB UT-
Ready Central Heating Plan Austin BIXET T EHEZE » MEE T K
Conversion/Demonstration B w5 i N FHEZER GTI Energy HZE[E]

FHEAG/EE - BREETHE 4
MMBtu/h SME R TR TR S - i B
SR R E H H AR

* I H E R H A7 A 28 5 R B &4
W Dl i e - DEEKEE
it o BLEEJEIZHY H2 @ Scale “ [ AU
L EEN R

Characterize the performance and o SERRELIEUL EE RIS > 1F 2024 FEEA
costs of AEC- fueled building end use TSC R ERFE R E R > FHETBEN
equipment, including blended, behind- 2024 TEE RS o
the-meter NG-H2 utilization e I£ EPRI EERAL (2024 ) For=w)b4s
(EUB2) 0 5TEILE 2025 4= AHR {HEE & BT
REBICSCR ihal M

#HIME (Resilience ) f£End use &Pt 2AHE EHEAVEGmaE - BB AGUK2 T -
{ET S B R SR AL HRET R A - R OR A HE AR T RE A4S RE Y RE 7 - 11 TR 220 HR (AL ph ot
B TR ERH0EES - Tl AN FIBEIE R BT LAARS - DU BRI Hk
BB FSHIRE ST o Srak PRI &M A T Resiliencer s » [&5. 7 HI kIR &
FERFHNERVEIREAT R I DR EE ~ R RATEED R T 2 RS - (K
IRPARHHIASTRAE B2 ~ Rtk AR B A #218.
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Renewable
Diesel

S rh L 2 B T P e S P T B e
B[R] Z ZORPRIFA1R19.
1 GW - A EE8dE L SR (S M TR A A0% P A R 8

s
(=
AR

[St-3i
"‘ZR_—LE I%

Grid Support

Hours

High-Temperature Fuel Cells
Microturbine
RICE
Gas Turbine

Low-Temperature Fuel Cell

Minutes

Linear Generator
Lead Acid Battery
Li-lon Battery
Wind with Battery

Black Start Time at Rated Power

Solarwith Battery

10 kW 100 kW 1MW

10 MW

Energy Management

100 MW 1GW

System Power Ratings

F] 5. B Sl (< et
18, [EERARIAVEGTRE B AL ~ Rk

LR
&L Db

* R RAEEUE TR T 2 BB

0.01(1 atm) Colorless, odorless, low molecular weight gas.

9.0 (500atm)
219 (iquigy Vi€ flammability range (4% - 75% in air).

Hydrogen “

Simplest of HC eFuels, direct drop-in
replacement for natural gas. Odorless gas,
stored as pressurized or compressed gas (CNG),
or liquified gas (LNG)

0.14 GAS
9.0 CNG
21.9 LNG

Methane

— ?
Methano ”
ed

Non-hydrocarbon (HC) fuel. Stored as pressurized
liquid. Toxicity concerns

Slmplest of liquid hydrocarbon eFuels. Clear,
biodegradable liquid. High octane fuel (100+).

Clear, biodegradable liquid. High octane fuel
(100+). Most abundant renewable fuel today. 18
billion gallons globally. Clear, biodegradable
liquid

Ethanol

Clear, odorless liquid. US production grew from

Direct drop-in replacement for petroleum diesel
(ASTM D975). Renewable Diesel is NOT
Biodiesel

ELPE

1.8 to 3.9 billion GPY from Jan 2022 to Nov 2023.

Water Electrolysis, Autothermal Reforming
Methane Pyrolysis, Steam-Methane
Reforming w/CCS

Sebatier Reaction/Hydrogenation of CO, or
syngas

Haber-Bosch synthesis, H; + N,

Hydrogenation of CO, or syngas

Starch/sugar fermentation
Cellulose hydrolyzation/fermentation

Hydroprocessed Esters/Fatty Acids (HEFA)
Hydrotreated Vegetable Oil (HVO)
Fischer-Tropsch Synthesis

FERFCEMESHEES > (K

HELTHFRE > FE A (I8 o FH Bt B A I R
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o PREFGE N+1 2] 2N AFZTUE > tFREAHEER (UPS) - S Ry
B RGHRUE Ty - BEIRALIERTR 24-48 /MRy CERIRY 1-2 SRdRL) - BB+
SRR > HEMA R - 5 oy BT  SUMRE SR ¢ 25 MW ~ 3 MW/
(EARHIZ FEEF20 MW FERTRE) - BERERRes « 92% - 95% (FE Rl EYR)
ZAEE AETUPS -

Uptime Institute > j2 BRI atat it - (€ 2PRIREHECM  filE T —BHE2EE
SZH1aR » Tier TGRSR IR SR HIKAE » B ITRAE R EISE - Tier | SFRIETTE
fitZE B e B A 5 Tier WEGRAZORIEE R AN+ IEGT - WRbE A o2
e R > Tier NIZDRATEEFHE(EME (Concurrent Maintenance) -~ EfEAEFE > /K
BERIF LUK ZZ 2 50T - EITEITIE IR - A G R B RRGAEE - &
AREAEHEMEER - Tier IVAIZORIEE M Z N+N > I B A ] F5E6ET) (Fault
Tolerance) - Uptime Institute JRER#D | 525 MEIFIRIFR] > Tier iR A2 - BEf
ARERE 28/ MR A A o Tier NHIDE2FE ARSI > REVEGFF 2L/ - i Tier NI
Tier IVRIEAFEZETEMEEHE - [NIL - Tier NIRITier IV o] I 1EHE4599.9% -
19, Bl P L AE TR B RIS A B 2 ZEOR MR

Tier Z£4k B TR R (R [SEGES Tand el dkiLs)
Tier | 99.67% 28.8 hours
Tier 1l 99.74% 22 hours
Tier 1l 99.98% 1.6 hours

Tier IV 100.00% 0.4 hours ( 26.3 minutes)

20, RO [R5 T H P imEl P I CRAE TR MR R B R
HF REJRB MR HREHH BT TERRE

o Jo SR ER I I S A A T R ]
ro (SRR R )

« EEAvEsk CNIRIV) 7522
SR TCERA (A P &R - DA

F R/ NYEE -

1.6 hours/year
(Tier HI)

Uptime Institute
Tiers

46 Bl
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o RPN B e 2R T il 5 [ it
KO /M 3 BB
HITHERD ) i - 15 mins to 4 hours

o MAIEAESI Y T B S AR R
FHEE Rk

B IR REEZOH S
Jite frE (NFPA70)

* 551 B EMRECR T E A4
BrFiEEZEE S EEAI R s i

(FCC) 755 o W] LL$E E I A AR A =B A
AL THFME -

<4 hours

o e A AR R A B R R
A SRR SRERIEN -2 = ) 1R RE IRV -

Jit (CISA) 75F * I RE LIS RER AR A 5
EHITHT -

minutes to days

NI RETRRIME RR R BETREIMERIIR TS - (Energy Resiliency as a Service ,RaaS) fERGHT
HYRSERH R - RaaS A E[Z R 2 R P2 Ot I REIR BEIE » DUE T BT AT 4 355 Bl s eIt
HYiEE - RaaS HYHEEICE RS M BRIt 2 mAv AT % > DIERIEIFE
SR R E IR EIE SRR - ZIRGEIEEIIVEE - aeat 25 - BIENI4EE -
B E PR EFRKES EMINE LS CEEZLULE IRV ER - EFEE
PR R ) -

2222 X3 A T E AR THYEE ZE Transportation Sector Ongoing Projects

Project Updates

o SERR TSR A FOA A B B 75

 E5E H Pim A SEAH AR AR HENFEERZE - WEH]
JTE S AR RES S4B

o GHREAFEAER AT ST
https://cvent. me/wnWBxm?i=5RC2gJgL zE-
Ok61XfIntdw&locale=en-US

Transportation
Sector Customer
Engagement and
Education
(EPRI)
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https://cvent.me/wnWBxm?i=5RC2gJgLzE-Ok61Xflntdw&locale=en-US
https://cvent.me/wnWBxm?i=5RC2gJgLzE-Ok61Xflntdw&locale=en-US

Architecture, State of the Art, Applications, Use cases and valuation
tasks completed
Exploring options for improving the load factor of the grid
connection serving the DC Fast Charging plaza - significant
potential for onsite H2 or SynFuel production
. - Report due in October 2024, the work to be continued to support
Charging Resiliency )
and Grid Integration S“pef rgckS Derr;‘o proj?(it . N
(EPRI) » ELSEARAR ~ BOTREAT  MEFAS - FIOIRIBTAGER -
 PREEE S s i BT R Te BE 5 Py SR 4 R i (A By BT -2
SHAEL H2 S NI U8 /)
* HrE R 2024 £ 10 HEEAC » ETH TR R
SuperTruck3 /RETEHZE o

Role of Hydrogen
for EV Fast
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https://hdsam.es.anl.gov/
https://hdsam.es.anl.gov/index.php?content=hdsam

Fueling Station Only - Cost Contribution by Component
HRSAM and HDSAM Simulations
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[8] Regional Clean Hydrogen Hubs Selections for Award Negotiations
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[9] Industrial Demonstrations Program Selected and Awarded Projects
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https://www.energy.gov/oced/regional-clean-hydrogen-hubs-selections-award-negotiations
https://www.energy.gov/oced/industrial-demonstrations-program-selected-and-awarded-projects
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