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New Energy Vectors market overview

Global hydrogen demand outlook Hydrogen demand for key industry subsectors
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Top View Technology Strategy

Present:
- Enhanced Diffusive combustor for High H2 percentages

« DLN Combustor for medium to Low H2 percentages

Hydrogen
Long Term:
- DLN Combustor able to cover the entire H2 Blend ‘
" Renewabl
Present: otnergy Iy (ORI
- Basic technology development combustor ey,

Ammonia components z
T e
Long Term: ’x .
. . . Conversion of NH; to H,
- Combustion system configuration development able C ) Direct use in 6T of Hy NHy or

to manage pure ammonia or a blend with CH4 or H2 Ha/NH, blends

Present:
« On the Job adaptation of current combustion system
to the specific gas composition

Syngas

Designing building blocks to be used on majority of
Bakerhughes gas turbine portfolio

Baker Hughes




Challenges for H2/NH3 /C2+/Syngas fueled GTs

Hydrogen [ C,+ — High Reactivity

Ignition & Start-up (Safety)|  High flame speed,
» wide flammability
Flashback range

Flame detection

NOx abatement technology: wet and dry solutions
Higher Combustor pressure drop (lower GT Eff.)
Materials hydrogen embrittlement

Auxiliaries, Purge and Package Specific Design

Ammonia — Low Reactivity

Ignition & Start-up Low LHV, low flame speed,
» narrow flammability range,

Flame stability high ignition temperature

Potentially high NOx (fuel-bound nitrogen...); not
abatable by dilution.

Higher Fuel pressure drop (lower MWI)
Toxicity (EHS issues)

Auxiliaries, Purge and Package Specific Design
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GT Development Enablers

Virtual Lab Test (CFD)

 Thermo-fluidynamics assessment (RANS/LES):

= Traditional methods Development Process

=— Development Process supported by Virtual Lab

< «  Air split design, Emissions (NOx, CO) model —
S%E | . \3}
E 5 WM ; - Blow-out & Flashback: design improvements f Y B .\
[ ey o - Heat Transfer by Conjugate (CHT) “e< Y ﬁé
At ) . _ A f !
A « Dynamics by SED CFD & Thermo-acoustic (FTF) £ a y'e
[ g » \
Development Time duration g I i ‘, \
o N
Additive ququctu ring & Mqteriqls Testing Combustion Dynamic Amplitude abatment Acoustic mode (N=2)

as a function of dampers numbers inside the combustor

« Prototyping and Industrialization
« Burner sub-components

QRS- [= printed burners Combustion Test Facilities

+ SingleCup atmospheric pressure test

- Next generation burners

« SingleCup pressurized test

’’’’

» Full-scale Annular Rig and Multican Rig

« Possibility to test a wide range of fuel

compositions = Full Annular Rig
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Low carbon fuels BH roadmap — H2 NovalT & Frames

today

NovalT H, family
TRL5

iEngine Test

Partially premixed burner technology

Combustion  Engine
Test Test

Frames H, family

Test Test

NovalT H, DLE family

T

NOXx reduction

years Baker Hughes &3
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Low carbon fuels BH roadmap — H2 Large frames and Aero

H2

GE & Baker Hughes joint roadmap (subject to market dynamics)

100%
........ Fr6/1B
MNQC & Stqnd?rd combustor: DLN 100%
100%H, Advanced i
° r
. Premixer
50%
ULN+ AFS
(potential.option) Targets: ~100% H
Pad o My
. DLN1+ ULN 32% vol. H, Fro/1E
26% 3
5ppm NOx, MF=1
DLNT+ LN 26% vol. H, PP '
0% 25% 50% 75% 100%H,
l l |
Current DLE 1.5 Combustion Improved DLE 1.5 Combustion Advanced Combustion Systems
LM2500
Validating H2 Capability Planned H2 Capability Planned H2 Capability
o LM6000 PF/PF1 = 35% Vol (*) a  Production Models > 60% Vol a All Models = 100% Vol
o LM6000 PF2 = 20% Vol (*) * Rig testing in process + Analytic modeling in process
a  LM2500+G4/5 = 35% Vol (*) * GT/package field testing in planning * Rigtesting in process
= Rigtesting complete * GT/package field testing in planning LM2500+
* GT/package field testing in process
Notes Notes Notes
= Capability for current production GT's = Optimize existing DLE 1.5 hardware = GE Aviation and GE Research Center
= Higher levels of H2 may require for higher levels of H2 (GRC) collaborating on technology o
package updates for safety regulations + Utilize existing GT HPC and turbines development for flight & land f35'-’-'_' g 2
= Higher levels of H2 may require * Optimized combustor for high hydrogen !@ s LM6000
(*) For Quoting and Field Service Evaluation package update for safety regulations fuels while maintaining emissions and life g\
+ Planning high H2 capability of existing G
DLE1.5 GT's through combustor/package §~)f3
upgrades g
Baker Hughes S3
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“Ammonia-As-Fuel” — BH technology plan

Assuming NH3 as Energy Carrying / Storing medium

Flexible fuel
mixture H, /

Drop-in

Pure NH; as
GT Fuel

Burner adaptation

Fuel system upgrade

___Chamber adaptation

N3 .
! Combustion System
development
With Contained Burner new design
NOx emissions ;
Chamber new design
Staged combustion
1
Engine/Aux System .
Design Combined Cycle
I
I 1 1 . . .
| Combustion system Combustion System || Readyforer optimization
: Concept Detailed design | P
I
: ' i |
I 1 .
BH program , Atmospheric : Pressure test ! Full Combustion E
| Tests : ! test .
1 1
: Concept i Preliminary  Detailed E Engine System :
: design 1 design design design N
1 1 | :
1 1 1 .
L 1 1 i
1 1 1

GTRC Single Cup Test
W upgrade for H2 combustion

H3 CCGT performance simulation
Scale-up of full-scale plant concept with H2 & NH3 (preliminary GT design)
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Syngas Experiences and Approach

Bioelettrica project (1999 — 2000)

SYNGAS APPROX COMPOSITION : Some experience on BH GT Portfolio

COMPONENT %VOLUME Sierra Schwarze Exxon Motiva Star
CH, 22 Syngas PSI  Tampa ElDorado Pemis Pacific  ILVA  Pumpe Sarux Fife Singapore Delaware IRCC  Chem

ﬁzo 16 H, 248 372 354 344 145 86 619 227 344 445 320 4684 400

N, 44 co 395 466 450 351 236 262 262 306 554 354 495 143 10

0 13 CH, 15 04 00 03 13 8.2 6.9 02 51 05 04 075 9.0

LHV 6.4 MJ/kg Co, 93 133 171 300 56 140 28 56 16 179 158 0.06 6.0

N, + AR 23 25 2.1 02 493 425 18 11 31 14 245 4082 430

NOx @ 15%02 < 25 ppmvd ---- CO @ 15%02 < 70 ppmvd H,0 27 03 04 - 57 - - 398 - o1 044 1040 -
With steam steam [ fuel ratio > 1.2 LHV,-Btwf® 209 253 242 210 128 183 317 163 319 24 28 139 203

- kdim® 8224 9962 9528 8274 5024 7191 12,492 6403 12,568 9,477 9,768 5,480 8000

BH standard approach

Standard

Feasibility Combustion- | iv-to-Ord . isiti
nquiry-to-Order
Inquiry Sign-Off 45 S

n process

10 Baker Hughes S3



Recent Development
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NovalTli6 H2 FAR test 2022

27 Jul 122 27 Aug. 22
Test start Test end

est days

fired hours Hydrogen blend tested
start/stop cycles @ tons of burned H,

instrumentation

5
S| ombustor configurations

Y T I g
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Multi fuel burner - NOx Emissions o JE<-Flotine.

Drum

Measured NOx Emissions :
H,O0demi P, m

1,0
@ 100% H2 .
IS 82 +100% H2 + demi water... Liners metal temperature
g 0,7 i i o 12
[0} : | I 5
5 oo : i | : 5 10
pd ! . | 1 : : o
goe o - 2 os
= 03 ! : : : : 8
2oz | - . 5 05
g ! ' g 0,4
0,0 i | | | | § ’ —e—100% CH4
i Air temperature i i T 02 4 100%H2
| ' i ' i £ —m—100% H2 wet (WF=1.0)
: 1SO, 50% load ISO Baseload | 2 0,0
-20°CT,,,, 50% load -20°CT,,,, BL +55 °CT,,, BL 1 2 RS TR SR E 8
o Water Injection Effectivenes o
.. +  NOx emission below target
0,8 . . . .
o « Development still ongoing to further reduce emissions
§O,6 0 Q Q . .
z « Robust behaviour against flashback [ FH limits for 100% H, fuel
=04 ona .
2 . - Ability to work with any CH4/H2 blend
= d
502 0 .
= « No relevant pressure pulsations found during test
0,0
s 0,0 05 1,0 15 2,0 * Applicable to LT and Frame Engines Baker Hughes 8



Application Exhample — Blue H2 Edmonton, Canada

Partnering with world hydrogen industry
leaders to lower the cost of production
and accelerate the adoption of

hydrogen as a zero-carbon fuel

Air Products Alberta Heartland
H; Pipeline for H, Customer Supply

95% Captured
for Sequestration

0 —n

H; Plant

oy
Alberta l > ! i \’ |
5 > 1 |
Natural Gas L ? Net-Zero H, Plant 1‘ | r\ i 1 |
1 Hydrogen S
N 55-kilometer pipeline Ha Plants
Envision >1,500 MTPD of production (future)
H, Plant
Oxygen =
l Liquid Hydrogen
for Merchant
(i) B —n
66 00 Market and H,;'M
(35 MTPD)
'ower Tor Expol
for Merchant Market LHY - ,iqu.id I!ydrogen €O, - carbon dioxide
LIN - liquid nitrogen H,—hydrogen
LOX ~ liquid oxygen H;'M - hydrogen for mobility

ATR —autothermal reformer

Providing 100% hydrogen fueled NovalT16 gas turbine technology to Air Products

14 Copyright 2022 Baker Hughes Company. All rights reserved. BCI ker H ug hes 8



Baker Hughes



