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Adding value across the business life
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Testing and product certification

&
We provide internationally-accredted / @ @ §  Chemical & Process / \
independent product testing services in / Q— & Consumer Product & Retal < | / N\
accordance with nterational standards / + (4 Energy @ ' Inspection \
_througha global network of testing / N Healthcare & Medical Devices 2 - om We independently verify that, at
\\\ laboratories. / ( € Infrastructure & Rall H (@\ every stage, your systems,
\ // é % nitasiuciire ) ) ¥ processes and procedures comply
‘ ) Manufacturing § with the relevant codes,
% Mobility & Automotive s ¢ requirements, regulations and
p B & Real Estate standards.
/ \\ ® - ’ L — \.
N\ A N\
e \ \Fa NN 7 & Advisory
certification ‘ //6— K | .&. 0 © 0 We provide advisory on a wide
We audit and certify management E \ = Lk_f LG range of topics from quality,
systems for allindustries, J N\ + n’ﬁ-} 1 ( @ ) C (20 0] safety and risk to environmental
ensuring your value chain — ® =L !\ f’ protection, regulatory
complies with requirements for —- @ requireme'ms and process
quality, performance and IT optimisation.
security according to international,
national and other relevant
standards.
. o . . o
Bl 1 TUVSUD 2 & R4+ 2 & &8 7 & B

(1) CCUS 2% &
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BE T4 o~ B R 3 &
= A A BL & 4

-
g

>3k ¥y CCUS W
CCUS & & % B -
CRERY-F R
H 7 4o COy 2 o JIP-WPT-
LRV =

DR e B - AP B

=2y
il

£
-

3R FE N

2
v

@M qualifications. /

Lo B TR

)z, CCUS #+ 3 By & & 357
LR 2 TR B -5
R EACB 20 FFE 2025 & % - E g

cycle

Training

We support people and organisations
to enhance performance through a
wide range of work safety, technical,
management systems, executive
training programmes and oemﬁed
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Pressure &
Temperature

Flow Rates

+ 00, 20- 1600 mh
+ N; 20- 1600 mlh

+ C0,: 0-45barg
* Nitrogen: 0 - 60 bar.g
+ Temperature range:

Planned upgrade in 2024 4-30°C
to:
+ €0, 5- 1600 mh
+ Ny:5-2500 mih
® 2 Pl fri -5 B

Device Under Test

'\ 4
L bl

!H Ll

\

ﬁj;
’Jf_‘ >

* Meter size: 1 - 12inch
+ Data/comms protocol.
* Reqular protocols:

* Pulse, mA,
Foundation Fieldbus,
ModBus and
Differential Pressure

Target Uncertainty

P =

40,35 -0.45% (k= 2)

Planned upgrade in 2024
fo:

v <4025% (k=2)

B, RERERE FHET L F

TUV SUD #%| & 2 84 4] 2 37 CCUS 48 M £ % > 4o ISO

27913 T B 3 8~
%4 R ¢ CENTC474/
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HAFPRE B A B RE REmR % 0 d 2 2050 &

ERREG R E 0

<.

s BiEwrH £ - § TUVSUD 2 32
HIRAEZ R pH > HawE2 %% 4s 3 0 TUVSUDCMS
70/CMS 77 % ISCC/ CertifHy -

Documentary Standards Development ®
Typically, ?.5 years

',_
WG Start WG Draft CD Stage DIS Ballot

_J

FDIS Publication

TN
1SO 27913 “Carbon dioxide capture, transportation and geological storage - Pipeline transportation systems” ISO

CEN TC 474/ WGX Conversion of ISO 27913 into EN standard

CEN TC 474/ WGY CO, stream composition specifications

A8\l

BSI NWIP on “CO, accounting: quantification, quality and verification”

Iz

Member of ISO/TC 265/Ad Hoc Group 2 “Management of Quality and Verification” for CCUS.

=
n
(=)

§

B3 TUVSUD £ 84 4] 12 37 4p B & 2% 7 3 B

%% > TUVSUD £ mpE B P % - B £ %% 7 (Green
Hydrogen)#? i s & (Low Carbon Hydrogen)2. it iR X Jh %

7

P (Guarantee of Origin, GOs) CertifHy GO = % 2_ 0¥ %
FWH T 72 AR A (Production Devices) & 1% % 4 &
# = (Production Batch) & 2 -

2. % in kAL

HAI- M7 TUV SUD #& # 3 B CCUS PR3+ 7 i i 2
AR R R > B RIS G RE R
& A FARE o VARR RS Rl S A A

E I S S
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%3 ¥4t & B (Linde)
Py 113E 30 11 p

BoEk iR BRE
/\

RS A N 1 @gwa
s PR FERZARE SRR AR R ERAS Y

X & 5 F % (Gases)% 1 #2(Engineering)® * 18 » H ¢ F
ﬁg{ﬂﬁkéﬁié’;zié_ilifﬁ”%ﬁ%@“*%ﬁ’vﬁﬁ’
HFRY FITFIFERLTF 2R3 HAF W FRF
RE > e g FENRLEFE /NP4

* Ffrz & # KA LE L F

"‘a"'"l."""

H’f

Sustamable
Hydrocarbon
Solutions

Adsorption &
Membrane Plants

Air Separation HVdeE“ & yngas
Plants Plants

B 6 R0 F Bl % ix 47

GEBMBE= A K (R 7)) ¢ PR R TR
B4Rz BREA XA 2035 & P E K 35 %
2P 0L 2050 % F Pk AR A o
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Introduction to Linde

Linde Engineering’s approaches to reduce greenhouse gas emissions

Scope 17 Scope 22 Scope 33
€0, Avoidance/ Max renewable Maximize
Reduction e electric energy circularity
-
.!\IIr'lnalnm r\fO(OSq“S j - :’

Electrification

-, /
€0, Elimination c% a—_—rl\ ()

Carbon capture

Hydrogen Economy / Energy storage & flexibilization Biogenic feedstock,
Production, processing, 2 for Demand Side Management synthetic fuels & chemicals,
wansport, mobility (D5 waste recycling, etc,

v ¥
sation ol Ipn T aseid energy, froma 4

3 i e thegen
ity provider

11032024 Kl Ol

Bl 7 R B Biad 2 F R T R B
(Z) 2 imE

ISR TETE S

G R A E AR R A

d
%wtﬁﬁ%%ﬁﬁfﬁﬁﬁg’v”ﬁﬁ“mﬁg

ARk B B B

ERETEN i%?rﬁ(CCUS)jiﬁtri R R KR A 2
BARH 5P & o Pl I RMPAEERTER

Mr.Klaus Ohlig % 4 & ;*i = & ¥ Dr.Mark Scherle # # -

F‘Z%Eﬁ]i’ﬁﬁ: FURF BRI ETHE > LA

AN
=

x\*\

GAPEH R A2 R TR B Ry
EOEORR U EER DA B F - 2RISR R
(bW 8) & & FIE(ZRE - HH EH2EY )
2ARMEERRT OREI R FRGFTF R E
AR EAER R SFARE VR R 2 R
BRFARBFEI T P FERE L kG &
SR ERERFE - F BT E A L i
i SR LR ol LR R RIE E A S - X
L EDRE AT ERLEFRFHRALEBRF
PR 2 IS xR E AR .
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Capture and processing

(€O, content in sources

Conditioning

oooooooooo

Logistics and
application

—3\

Logis! d
Medium High 8% a dde"vd atiol "JJ distd " e
SMR syngas Oxy-fuel processes
Gasification Chemicals production
Partial Oxida Natural gas sweetening rp\j Storage (CCS)
Auto Thermal Reforming (ATR)
Steam Methane Reformer (SMR) flue gas Direct Reduced Iron (DRI) process
M Liquefacti fllT  industrial
Linde ledmologles cover a broad range of CO, containing gas streams _——
OASE® blue e (€0, Processing Unit (CPU)
11
Amine wash = = m Synthesis
HISORP® CC
- Tank farms &
HISELECT® ™ & jm Eio Food and beverage
(2R loading stati
Rectisol
Pressure Swing Adsorption (PSA) = IE Electronics
B8 ik B WA HHERY K G o A
; 1 \ 3
Bl 8 +r4K & B a3 N BT R BT R

(1)

2% o (Amine Wash Technology)

B% 7 0% OASE®jp M| ek 3 i ¥ 4 4 $1UT 3f

O = By

F bR M
RN A
& = f (Syngas)®

SRR ERR A G

C HE T R T F R E ¥
H L % (Flue gas)~ % &
(M=) W

# (Natural gas) %
—'ﬁ(f:”«b" %3 25%—*‘)
FRT LB

2

; WHRRET
BEAEREM® 9 Ao F PRFEFFE OIS % B
?ﬁ%@*a?wéwﬂéﬁﬂi@@ﬁﬁ%¢ﬁ25
(B 10)> ¥ #h a4 158 k2 F 00 h5  H* aH
w2 A F o d RS E AT A THE  FIR AT L AR

A X T UHF R 225 E o

Flue gas_

L1, 1

Compression

-3
ER -

Pre-treatment

1) Optional

Ligquefaction”

T
Amine [ —>
Heat | —
= ﬁ|4ﬂeﬁ >
Electricity [—
Amine Wash =
Cryogenic”

Separation

1En

Dryer

CO, depleted
gas

CO, export
(liquid or gas)

B 9 1t & B Rk i AR A7 B
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CO., Capture from Flue Gas

Lengfurt, Germany

2208 d CO @ 99.99 vol.-%0 CO, food grade
Client: Jv Heidelberg Materials / Linde Gas
Linde s Scope: EPC turnkey plant

SOX removal,L OASE® blue CO., capture, CO2 purification,
CO2 Liquefation, Storage and distribution
Start-up:- Q2 2025

gl 10 ##?i}‘g: @]B*/m#i/{h‘-ﬁ WS _'_ ',IJ_I_—F :‘Ei g]

7

(2) #ic ke v F F(HISORP® CC Technology)

é?

AR DN IR R MR R > B iR 7
o A % R R E PR F 0 R A ¢ R R G R
TiERELEMA CO, A &HEGRESNF E)E K X

¥ il
EFRE99%  ERAFHENZFFEPFTHH - REIrk
B FEA L SR 1) 3 %Bﬁﬁ&?$%#
L v, ¥ ’/};}i,{h‘bk”i*,m;}i,{ﬁﬁx L A R T W
TP G RERR D T zﬁ%@?i?%ﬁw’éﬁ
A& 1 ® (W 12)
________________ 1________________’;2; depleted
Heat [— =g =g L=y
Electricity [— %
= gy e
Syniagas Liquefaction
Flue gas Compression
ALK ===
-3 Membrane
iy |l [T
re-treatmen Dryer
---------------- T---------—-----;Coz export

(liquid or gas)

B 11 4R4E & B B0 e v B 1] A7 O A7 B
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H, PSA (0, PSA late Fin Heat Exchanger
\ g i N

bR AL B B 4L P Holeim & & & iv > £ 7 %

2N AL VAR R I R EIAREF AR R
BRI R AR F RET 3 EH LTS Rk
7 v ’ﬁﬂ%*%t“ﬁiﬁﬁﬁliﬁ“")kfi#”iﬁ‘é BEFr g o

RA - BT ORRERNHEERRREAE > HEH LS

PR RRARFRIELKL LR AL A

=

-
BflAEY g ERE § e EY > HE R AL E

FM- kR EIFRT R G NABE S FRFHMLT
B WAL RO RSk i B WAL G
gt

i P 3 72 55w TRk R
L SRR I S TR U LN BRI
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3%1‘??&3@-714271 AF Lk EAE L R E KR A
LA EE L Mv BOE AR 2 B R
TfeH B PG 16 Ff ARPF > g i 2R
Ped 45 BoRER(F F 31 B2 ARERE R 13 B
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Y303 RARS P e 20 ROPR & ¥

i

VDZ # ¢ B -
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QY THLRFEHEHEED>IE 2 EH GRL ¢ (COP21)
TAFRLE S 11 TH 9K ER(CMPLL) > L6~ &
2 ¥ (Paris Convention) » 3% Z_ P & " 24 2 zp 8 2 > 2
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A& 3% B CEMI/C 2 CEMVIA] &) -k ik ~ Kk P 34

FLob G 3 53 %% EF ATA| R B H AR
No new allowances around 2040

«———— ftrading periods —

e 2,500

T 2 3 4 Outlook 2031 - 2050*

O .

';f; Remaining CO, budget for ETS sectors*:

Q

% 2000 - Before the reform: approx. 25 bilion tonnes of CO,

0 (by 2050)

g - After the reform: approx. 16 billion tonnes of CO,

p (35% less)

L - For comparison: ETS sectors emitted approx. 1.4
billion tonnes of CO, (incl. maritime transport) in
2021
1000 New cap until 2030
' LRF
4.3% from 2024; 4.4% from™ §
2028
One-off cuts
500 EUA 90 million in 2024;
27 million EUA in 2026
One-off expansion
78.4 million EUA in 2024
(maritime transport)
2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

Sources: Federal Environment Agency, EU Commission, trilogue results, own calculations
*) Assumptions for projection: Linear Reduction Factor (LRF) from 2031 (without reform) leads to climate neutrality in the EU ETS by 2050; LRF from 2031 (after reform)is 4.4 %
Effects not taken into account: Market stability reserve, inclusion of waste incineration plants from 2028, possible inclusion of ETS 2 (transport, buildings, other industrial plants); possible
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Carbon capture and

ACTIONS TO A NET ZERO FUTURE Al
utilisation/storage

PERCENTAGE CONTRIBUTION TO NET ZERO
AND COz2 EMISSION SAVINGS IN 2050

Savings in clinker
production 11%

410Mt CO2

1%

1370Mt CO2 840Mt CO2

COa2 sink: Efficiency in design

Efficiency in
and construction

concrete production recarbonation

Bl 18 23k kit foiR 2 42 ¢ 2 FARE L

R * G K 3 5 > Polysius 0 Booster Mill
HMEBRL A EXE (P Wk % E A 12022 % F 400
kwywu%¢4p§gm,éw%i%%@%ﬂ@w;
Boan gei ol B ATIRE . TR B RD Wi
Kk o Booster mill 8 f -] » % 7 S Az FEafs B
wE R R g 2 FoR R B -4 % Booster mill % # o

BT > o > Polysius % = # Oxyfuel & ¥ ¥'&EK

/

% % 78 #4 % (Preheater) 2 'Kt 2 H » ¥ 5 B2 2 5 %

Pty

s

ﬁ%%’?u@@%%iﬁi’%?$gﬁﬁkﬁﬁ

2 g 2 g § (Flue Gas)en CO, kB > ¥ % 2 # 418
6 i o @ELK R BUEE F ¢ COs ik R R 30

%> % — % Oxyfuel HiFv # CO, EAHE 3 T 80% %
= & Oxyfuel HfFv - H B EREZL I F 90 %
Oxyfuel:}ijﬁif",f 73 * R7TiE KRR B0 Polysius » & B g

A RERGORFREF ARG F RE D RG K
27



TR EERITREH T PR CO, ERAKZL T Y T5
% : P w44 B Holcim -k & & Lagerdorf fy 7™ # ¢ # *
Oxyfuel B jiv > ¥ P WMBE s R d I 2 ¥ 3 - FFRiE
B #-dE e P tkPol o Sk 2 P 37 MOU:» %
e T R i s A R T EE 0 PR 6 &P
WIE K 10 F R o

B {6 /i % Polysius & A7k Rk & B B &R F
PolabCal 5 % - S p & Pl E RGP 2 KE EFHRE >
- 85028 p s R KR E KR &R > PolabCal ¥ 1 3%
TR RE T T RS EAE Y R
- RE&EF2LRKEREE -

b P tkPol 2 fi 3¢ & » d Polysius i & % &
& %138 ™ 2. Guido Hohmann T /#§3F 4 A 8 4 § AL
PMWM¢%&’$§%$%&%ﬂﬁ££&§?%E
&R A (K19 20)

y v

B 19 () Phoenix -k i A ; (%) Phoenix -k & B & ¥ 9 % 3

=+

28



B 20 95 %A A 4 &2 5 %R P E L RE
2. 2 mk AL

RAL- > A RokiR 2 ONS B R85 % ASTM 411
77 o0f ASTM & A 2 & MR iE > @R B E
ﬁ%*%ﬂ*ﬁwﬁém?%ﬁ SO

BB et X S REEE S B HTL

CNS B 7% % -

RO FIRE R R THE B E KRR G o2 P R

ERBBEFE D T BT R R
TG N 4133740 B4R 8 o

RAE S AR KR ReF AR kR

w % ! Phoenix "K ik B B L@+ b K 95 9% o5 g

;o
P KOS %hEl o BRABEKRLIEDP A
B s

BESCHFE AR P REET RN
PR ERAFELZH IS F P FYP #6232

y

29



M BB E D THREY 5000 F 4> TRk
FoEe 8 (B 21) FRTALEDP AR
LS avplfgs s BERBL BLA
DEAERZFE -

30



B 23 % & A 8l & & & tkPol T /7

...

B 24 %3 B 4 R & tkPol ¥ iF.

Phoenix "k ik Ry & B

31

%32 Guido Hohmann & #

T

T
Y

P

™

-~
—
-

% 72 Guido Hohmann %



7~ %4 W% % & B TUV Rheinland Group
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TUV Rheinland’ s core services along the H2 value chain
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POWER

Testing, certification and inspection
for:

= Wind turbines

= Solar and photovoltaic systems

PRODUCTION

= Water electrolyzer testing &
certification

= Approval of power-to-gas
plants

= Desalination of water

TRANSPORT

= Safety of nuclear power plants

USE/APPLICATION

= Hydrogen blending in existing
gas distribution network

= Transportation of Hydrogen
by tank trucks

STORAGE

= Hydrogen condensing boiler
testing & certification

= Hydrogen-powered vehicle
components testing & certification

= Hydragen powered heating
Systems

= Hydrogen storage tank
testing and inspection

= Conformity assessments for
hydrogen storage facilities

= Hydrogen storage in
caverns, porous media

= Hydrogen applications in the
industry as steel production,,
fertilizer productionh

SERVICES AT ALL STAGES OF THE VALUE CHAIN
= Green Hydrogen certification = Risk & safety management
= Project management consultancy

We connect the components of the value chain

underground

= H2 safety training & awareness training

A TUVRheinland™
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3 parts limestone
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Raw material based
CO, benefits

Production
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