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Hidrojen Nedir?

Hidrojen oksijenle yakilan ve yandiginda sadece su buhari ¢ikan, sifir
karbonlu bir yakit oldugundan fosil yakitlarin yerini almaya aday
olarak goruluyor.

Hidrojen evrende en bol bulunan kimyasal maddedir.

Hidrojen gazi, aralarinda kovalent bag bulunan iki hidrojen atomundan
olusur. Oldukc¢a yanicl, renksiz bir gazdir.

Hidrojen, diger kimyasal reaksiyonlarda yapi tasi oldugundan
uretilmesi caziptir. Bag, kontrollii bir sekilde kolayca kirilir ve diger
kimyasallarla reaksiyona girerek gunlik yagsamda kullanilan ¢ok cgesitli
kimyasallari olusturur..

www.tpesempozyumu.com - www.tesislerdeprosesemniyeti.com
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H2 Zinciri — Hidrojenin Uretim Renkleri
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Olumlu Tarafi

Hidrojen CO2 ayak izini azalltarak gittik¢e biiyliyen enerji ihtiyacini
kar¢ilmamizda diinyamiza ve bize yardimci olabilir

* Farkindalik; Emisyon orani fazla olan sektorler bu degisime hazir

* Teknolojilerimiz hidrojeni glivenli bir sekilde Gretmek, depolamak, tasimak ve
kullanmak i¢in uygun

* Yenilenebilir enerji kaynaklarindan tretilerek depolanbilmesi arz /talep
dengesinde glicim{izl besleyecektir

Zorlayici Tarafi

Hidrojen bugiin agirlikli olarak Dogal gaz ve Kémiir’den
iiretiliyor. Dusuk karbon enrejisi bugiin hala daha ¢ok
maliyetli

* Kitlesel bir hareket igin yenilenebilir enerji ve H2 tretim maliyeti ¢ok
ylksek

+ Uretimden son kullanima kadar kurumlamasi gereken déngii ve sektér
kullanimi adaptosyonu hala baslangi¢c asamasinda

* Uygulama alanlariigin de ek bir maliyet dngdrilmelidir

www.tpesempozyumu.com - www.tesislerdeprosesemniyeti.com
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Hidrojenin Yapisi ve Ozellikleri

Molekiler buyukligu nedeniyle en kiicuk bosluklardan bile sizmaya egilimlidir.

Dusuk kutlesi nedeniyle, her bir kg Hidrojen gazi ~1026 molekiil igerirken, komur ve metan
gazinin ~1025 molekulu vardir, dolayisiyla yaklasik on kat daha fazla molekul igerir.

Sonug olarak Hidrojen birim kutle basina diger yakitlardan daha fazla enerji igcerir: ~45MJ/kg
benzine kiyasla ~120MJ/kg, bu da onu oldukg¢a reaktif bir yakit kaynagi yapar.

Hidrojen gazi sizintiya yatkin olmakla beraber, kokusuz, renksiz ve olduk¢a yanici
oldugundan ve ¢ok fazla enerji icerdiginden standartlara ihtiya¢ vardir!
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Hidrojen Akisinin Olciimiindeki Proses Kosullari

Hydrogen phase diagram
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Hidrojeni Depolama ve Tasima Yontemleri
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e Adsorpsiyon

www.tpesempozyumu.com - www.tesislerdeprosesemniyeti.com




TESISLERDE PROSES EMNIYETI
SEMPOZYUMU

Hidrojen Standartian

Hidrojen Uretim & Depolama

ASME B31.12 — Piping and Pipelines
NFPA 2 — Generation, Storage & Handling
NFPA 55 — Compressed Gases & Cryogenics

ISO TC 197 — Production, Storage, Transport and
Measurement

Hidrojen Yakiti

e CSA ANSI HGV4 — Hydrogen Fuel Stations
e SAE J2579 — Fuel Cell

www.tpese
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https://www.asme.org/codes-standards/find-codes-standards/b31-12-hydrogen-piping-pipelines
https://www.asme.org/codes-standards/find-codes-standards/b31-12-hydrogen-piping-pipelines
https://www.nfpa.org/codes-and-standards/all-codes-and-standards/list-of-codes-and-standards/detail?code=2
https://www.nfpa.org/codes-and-standards/all-codes-and-standards/list-of-codes-and-standards/detail?code=55
https://www.iso.org/committee/54560.html
https://webstore.ansi.org/Standards/CSA/CSAANSIHGV2013R2018
https://www.sae.org/standards/content/j2579_201303/
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Malzeme Uyumlulugu ASME B31.12 - H2 Borulama Hatlan

ASME B31.12-2019

Table A-2-1 Materials Compatible With Hydrogen Service

Form of Hydrogen

Material Gas Liquid Notes
Aluminum and aluminum alloys Acceptable Acceptable
Austenitic stainless steels with greater than 7% Acceptable Acceptable Beware of martensitic conversion at low
nickel (eg., 304, 304L, 308, 316, 321, 347) temperature if stressed above yield point
Carbon steels Acceptable Not acceptable  Too brittle for cryogenic service
Copper and copper alloys (e.g., brass, bronze, and Acceptable Acceptable
copper-nickel)
Gray, ductile, or cast iron Not acceptable  Not acceptable  Not permitted for hydrogen service
Low-alloy steels m Not acceptable  Too brittle for cryogenic service
Nickel and nickel alloys (e.g., Inconel and Monel) Not acceptable @ Beware of susceptibility to hydrogen
embrittlement
Nickel steels (e.g, 2.25%, 3.5%, 5%, and 9% Ni) Not acceptable  Not acceptable  Beware of ductility loss
Titanium and titanium alloys m cceptable

www.tpesempozyumu.com - www.tesislerdeprosesemniyeti.com
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Malzeme Uyumliulugu ASME B31.12 - H2 Borulama Hatlan

ASME B31.12-2019 - Hydrogen Service Maintenance

GR-5.11.1 Plping and Transportation Plpeline

Valves that are required to be operated during an emer-
gency shall be examined periodically and partially oper-
ated at least once a year to provide safe and proper
operating conditions.

Routine valve maintenance procedures sh

include, but not be limited to, the following:

(1) servicing in accordance with written procedures
by adequately trained personnel

(2) accurate system maps for use during routine or
emergency conditions

(3) valve security to prevent service interruptions,
tampering, etc., as required

(4) employee training programs to familiarize per-
sonnel with the correct valve maintenance procedures

(b) Emergency valve maintenance procedures include

(1) written contingency plans to be followed during
any type of emergency

(2) training personnel to anticipate all potential
hazards

(3) furnishing tools and equipment as required,
including auxiliary breathing equipment, to meet antici-
pated emergency valve servicing and/or maintenance re-
quirements

GR-5.11.2 Distribution System Valves

Valves, the use of which may be necessary for the safe
operation of a hydrogen distribution system, shall be
checked and serviced, including lubrication where neces-
sary, at sufficiently frequent intervals to assure their satis-
factory operation. Examination shall include checking of
ahgnment to penmt use of a key or wrench and clemng

with or delay the operation of the valve Valves in

hydrogen service shall be checked and serviced at

GR-5.11.3 Service Line Valves

Outside shutoff valves installed in service lines
supplying places of public assembly, such as theaters,
houses of worship, schools, and hospitals, shall be exam-
ined and serviced, including lubrication where necessary,
at sufficiently frequent intervals to assure their satisfac-
tory operation. The examination shall determine if the
valve is accessible, if the alignment is satisfactory, and
if the valve box or vault, if used, contains debris that
would interfere with or delay the operation of the

corrected. Valves in hydrogen service shall be checked
and serviced at least annually.

ASME B31.12 — Component Standards (valves)

Table IP-8.1.1-1 Component Standards

Standard or Specification Designation
Bolting
Square and Hex Sokts and Screws (lnch Serie) ASME BIS21
Square and Bex Nuts (lach Serses) ASME B18.22
Metaltic Fumings Valves, aad Flasges
Pipe Planges 4nd Flasged Fimtings: NPS ¥, Through N?S 24 Metric/lach Sundard ASME Bi6S
Factory-Made Wrought Butteelding Fitnzgs ASME Bi69
Face<s-Face and End To-End Dimenzions of Valves ASME BI610
Forged Pintings, Socke-Welding asd Threaded ASME BI&1L
Ferreus Pipe Plugs, Bushings. and Lockeuss With Pipe Threads ASME B16.14
Valves — Flanged, Threaded, snd Welding End ASME Bi63s
Onifice Nuages AIME Bi050
Large Diameter Stewl Flanges NPS 26 Through KPS €0 Mewic/lnch Sundard ASME B1847
Wrosght Copper and Copper Allsy Brade-Joint Prezsure Fittings ASME BI6S0
Class 150 Corrosion Resstant Cate, Globe, Angle and Check Yalves With Flanged and Sutz Weld Exds MSS SP42
Wedeght Sraialaaz Seaal Bum- Walding Fimisgs (ot [1)] MSS SP43
Class 1300W Corrosien Restsunt Cast Flasges a=d Flinged Frings MS3 P51
Socket-Welding Reducer Inserts MSS SP-19
Brome Gase Globe. Azgle ané Check Valves M5S P80
Clazs 3000 Steel Pipe Uzicas, Socket-Welding and Threaded MSS SP.63
Integrally Reinforced Forped Branch Oustlet Fimings — Socket Welding Threaded and Bustwelding Ends MSS SP-97
laitrument Valved fof Code Agplicatiens IS 5P-10%
Faczory-Made Wroaghs Beled Exd Sockes Weiding Frmngs MSS 5P.119
Vadves for Cryopemsc Jervice Including Reg fer Body/Bonnet MSS SP-134
Metallic Pipe and Tebes [Note (2]
Weded and Seamless Wrought Steel Pipe ASME BIG1ON
Seaindert Steel Pipe ASME RIGLOM
Spectfication for Thrwading Gaging and Thread Inspection of Casing, Tublng nd Line Pipe Thevads AP133
Flanged Steal Pressure-Ralief Valves AP1 526
Check Valves: Planged, Lag. Wafer and But-welding AP1594
Metal Plug Valves — Flanged. Threaded and Welding Ends 471399
Bolted Bonnet Steel Caze Valves for Pecrolea and Natural Gas Industries AP1 600
Sueel Gate, Clobe and Check Valves for Sizes DN 100 und Ssaller for the Petreleum asd Natural Cus Induseries AP 602
Corrosion-Renmant. Sohed Banner Cice Valves — Flanged and Bur-Weiding Ends APl 503
Metal Ball Vaives — Flanged, Threaded axd Bum-Weléing Ends AP1 608
Bumerfly Valves: Doudle Flazged. Lig- and Wafer-Type AP1 609
Mizeellazeous
Unified Inch Screw Thewads (UN aad UNR Thread Form) ASME BLL
Pipe Threads, Ceseral Parpose (lnch) ASME BL201
Hoze Coupling Screw Threads (lack) ASME 81207
Maetalic Caskts for Pipe Flazges — fing-jour Spiral Wound, and Jacketed ASME 81620
Nesmetalke Tlat Caskees for Pipe Flanges ASME R16.21
Buttwelding Inds ASME B:625
Steel Line Blanks ASME Bl6d8
Surface Texnure (Surface Wavisezs, axd Liy) ASME BAGL

GENERAL NOTE: It iz oot proctical to refer to a speafic edition of each tasdard throughout the Code text lmatead. the approved edition

references, along with the names and

of & 3p g are shown & Mandatory Appendix Il
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Elektrolizor Tipleri

* 4 Tip Elektrolizor Bulunuyor

— Alkaline

— PEM- Polymer Electrolyte Membrane

— AEM- Anion Exchange Membrane
— Solid Oxide (SOEC)- Reverse capabilities
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Alkalin - Advantajlan and Dezavantajlan

Avantajlar: Hydrogen Output:

» Vortex (not custody
. RTET . . transfer)
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P F
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« Magnetic meters . > A :
Dezavantajlar: + Vortex .

Ceasheaic
« Korozyon Riski b-l
* Yuksek Enerji T.uketlml s votese ) § @O H )
* Yiksek Bakim lhtiyaci e = —Hf i =

Tirdres foermer

Water Lye:
« Magnetic
meters

www.tpesempozyumu.com - www.tesislerdeprosesemniyeti.com




TESISLERDE PROSES EMNIYETI
SEMPOZYUMU

PEM - Advantajlan and Dezavantajlan

Low pressure High pressure

Water Recirculatiol
Vortex Flowmeter

Advantajlan:
* Hizh adaptasyon
- Dusuk bakim ihtiyaci

Gas separator Gas separator

Feed Water Supply: Vortex

Flowmeter o

- Dinamik operasyon P
: : Feed water

- Kompakt sistem dizayn! supply

* Yuksek saflikta hidrojen Uretimi

Dezavantajlari: \ Elclmlyser

- Yiksek maliyet 02 Output: Circulation pump

- Dayaniklilik sorunlari vortex Flowmeter H2 Output:
* Yiksek bakim ihtiyaci :gg—{iﬂ- a _H X‘Srrt.ﬁﬁs
«  Kullanim émri Rectifier =

Transformer
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Hidrojen Dogalgaz
Harmanlamasi
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Hidrojen ve Dogalgaz Harmanlamasi
Hydrogen | NaturalGas

Density 0.0696 sg 0.60 sg

Gas Group Classification B D

Heating Value 12.7 MJ per scm 39.8 MJ per scm
Toxicity Non-toxic but an asphyxiant Non-toxic but an asphyxiant
Molecular Weight 2.02 16.04

Wobbe Index Ratio 91.6% 100%
Volumetric Leak Ratio* 282-380% 100%

LEL o o

(Lower Explosion Limit) EO el ST ELs

UEL 75% with air 15% with air

(Upper Explosion Limit)

Varies but warms up during pressure drop at room

Joule Thompson Effect
temp

5.6°C cooling / MPa

Odorless/Colorless
Odorization Some studies show standard odorants can work up
to 100% H, but studies are on going

Odorless/Colorless
Odorants are widely used

www.tpesempozyumu.com - www.tesislerdeprosesemniyeti.com
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Pressure Control
>
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Control Gas Analysis
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Gas Measurement
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Yoy,
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Control Systems

Valves &
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Hidrojen ve Dogalgaz Harmanlamasi Sertifikasyonu

Date: October 20, 2021

MANUFACTURER DECLARATION

for Micro Motion Coriolis Meters

Hydrogen Gas Measurement

7070 Winchester Circle
Boulder, CO

80301 USA.

(303) 527 5200

(800) 522 6277

Micro Motion certifies that all ELITE CMF and F-Series Micro Motion Coriolis meters
manufactured by Emerson are suitable for measuring the mass and/or standard volume flow of
hydrogen gas in either pure form or as mixed with natural gas or other gases in any proportions

up to 100% pure hydrogen.

CY

This ion from the

d in the Physikali:

Technische Bundesanstall (PTB) TRG 19 Techmce.‘ Gum‘e&nes for Measuring .lmtrumenfsfor

Gas, to indicate that the ELITE CMF and F-Series Micro Motion Coriolis gas meters may be

employed in applications govemned by PTB regulations as follows:

s Meters are explicitly permitted by the manufacturer to measure mixtures of natural gas
and hydrogen with hydrogen in concentrations greater than 5% mole fraction.

» Meters are permitted to measure mixtures of natural gas and hydrogen with hydrogen in
concentrations greater than 10% mole fraction. When one is required for concentrations
greater than 10% hydrogen, this declaration is to also be accompanied by a safety
certificate issued by PTB.

Yours truly,

ﬂw/. Cotherst-

David J. Calvert

Director, Global Quality Management Systems

303-530-8567
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Hidrojen Dispenser
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Hidrojen Dispenser
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