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m An todan sén xudt va chiét nap Hydro / Safety in production and filling of Hydrogen

TUYEN BO TU' CHOI TRACH NHIEM

DISCLAIMER

T4t ca cac 4n pham cla AIGA VN hodc mang tén AIGA VN déu chira thong tin bao gdbm huéng dan
thuc hanh, dp dung quy trinh an toan, thong tin ky thuat, quy dinh phdp luat, su kién khac dwoc thu
thap tir cdc ngudn ma AIGA VN cho |a dang tin cdy va / hodc dua trén théng tin ki thuat, an toan va
kinh nghi@m hién cé san tir cac thanh vién cia AIGA VN vao ngay phat hanh

All publications of AIGA VN or bearing AIGA VN’s name contain information, including work instruction, safety
procedures applying, technical information, legal requirement, events that were obtained from sources believed by AIGA

VN to be reliable and/ or based on technical, safety information and experience currently available from members of
AIGA VN at the date of issuing.

AIGA VN khdng bao ddm ciling nhu khdng chdp nhan bat ky trach nhiém phap ly nao vé tinh chinh
xac, day du hodc ding dan cla théng tin cé trong cac 4n pham nay. Méc du AIGA VN khuyén khich
nguwdi dung dé tham khao hodc dp dung ching trong céng viéc cha minh, nhwng viéc tham khao
hodc ap dung la hoan toan ty nguyén va khéng rang budc.

AIGA VN do not ensure nor accept any liability as to the accuracy, completeness or correctness of the information

contained in these publications. While AIGA VN recommends that the user refer to or apply it to their working, such
reference to or apply thereof by the user is purely voluntary and not binding.

AIGA VN khong kiém soat bat ky diéu gi lién quan dén hiéu suat hodc dién giai sai, s dung hop ly
hodc khéng hop ly bat ky théng tin hodc dé xuat nao trong cac an pham cla AIGA VN bdi bat ky cd
nhan hodc t6 chirc nao (bao gdbm cdéc thanh vién AIGA VN). Tuy nhién, AIGA VN khuyén cdo ngudi
dung khong chinh slra, thay déi ndi dung va st dung an pham cha AIGA VN khéng dung muc dich,
va AIGA VN tir chdi rd rang bat ky trach nhiém phép Iy nao lién quan dén viéc nay.

AIGA VN has no control whatsoever as regards performance or non-performance, misinterpretation, proper or improper
use of any information or suggestions contained in AIGA VN’s publications by any person or entity (including AIGA VN

members). However, AIGA VN recommends that users do not modify, change the content, and use publications of AIGA
VN for improper purposes, and AIGA VN expressly disclaims any related liability.

Cé4c &n phdm cta AIGA VN phai duoc ddnh gid dinh ky va ngudi dung dugc canh bdo dé cé dugce an
ban mdi nhat

AIGA VN’s publications are subject to periodic review and the users are cautioned to obtain the latest edition.

Xac nhan / Acknowledgement
Tai liéu nay duoc bién soan cd su tham khdo tir cac tai liéu cda cc cdng ty thanh vién va tai liéu cla AIGA, EIGA.
AIGA VN chan thanh cdm on cac céng ty thanh vién va AIGA, EIGA d3 cho phép sao chép mot s6 phan tir cdc an
pham cta minh
This document has been drafted about the documents of the member companies and AIGA, EIGA.
AIGA VN thanks member companies and AIGA, EIGA for permission to reproduce sections from the publication.
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I. GIOI THIEU / INTRODUCTION

— Tai liéu nay duwgc soan thao bdi chuyén vién ky thuat va an toan thudc Uy Ban Ky Thuat
cla hiép Hoi Khi Cong Nghiép Chau A tai Viet Nam (AIGA VN)
This document has been written by technical and safety specialists of Technical Committee - Asia Industrial
Gas Association in Vietnam

Il. PHAM VI / SCOPE

— Tai liéu nay dua ra cac hudng dan an toan trong qua trinh sdn xuat va chiét nap Hydro
dang khi, dang 1dng va céc vu tai nan sy cd dién hinh dé tham khao
This document provides safety guidelines for the production and filling of gaseous and liquid hydrogen and
typical accidents and incidents for reference.

. TAILIEU VIEN DAN / REFERENCE

3.1

3.2

Quy dinh va tiéu chuan qudc gia / National regulation and standard

ND 113/2017/ND-CP: Quy dinh va hwéng dan chi tiét thyc hién luat héa chat |

Specifying and providing guidelines for implementation of the law on chemicals

82/2022/ND-CP : Sira doi Nghi dinh 113/2017/ND-CP hudng dan Luadt Héa chat |
Amendment of Decree 113-2017-ND-CP guiding the Law on Chemicals

17/2022/TT-BCT : Stra d6i TT 32/2017/TT-BCT va ND 113/2017/ND-CP HD Luat Hoa

chat | Amendment of Circular 32/2017/TT-BCT and Decree 113/2017/ND-CP guiding the Law on
Chemicals

32/2017/TT-BCT : Huwéng dan Ludt hoa chat va Nghi dinh 113/2017/ND-CP |
Instructions on Chemical Law and Decree 113/2017/ND-CP

48/2020/TT-BCT: : Ban hanh QCVN vé an toan trong san xuat, kinh doanh, s dung,
bdo quan va van chuyén héa chat nguy hiém | Promulgating National Technical Regulations
on safety in production, business, use, storage and transportation of hazardous chemicals

QCVN 01:2008/BLDTBXH : An Toan ndi hoi va binh chiu dp luc | Boiler and Pressure Vessel
Safety

Tai liéu AIGA VN tham khao | AIGAVN’s document reference (https://aigavn.com.vn)

AIGAVN-TM-012 : Hydro-tinh chat va (rng dung

Hydrogen-properties and its application

AIGAVN-TM-013 : Hydro-San xuat va coéng nghé
Hydrogen — Production and technology

AIGAVN-TM-014 : Hydro-m&i nguy va bién phap phong ngira

Hydrogen — Hazardous and prevention

AIGAVN-TM-015 : Hydro-an toan trong san xuat va chiét nap
Hydrogen — Safety in production and filling
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3.3 Tai liéu AIGA tham khao / AIGA document reference (https://www.asiaiga.org)

AIGA 033/14 : Hé théng duong 6ng Hydro | Hydrogen pipeline systems
AIGA 045/07 : Tram Hydro khi | Gaseous hydrogen stations (*)

AIGA 087/20 : Tiéu chuan hé théng dudng 6ng Hydro tai diém st dung | Standard for
Hydrogen piping system at User’ system (*)

AIGA 125/23 : Hwéng dan san xuat Hydro quy mo nhé | Guideline for small scale Hydrogen
production (*)

3.4 Tai liéu tham khdo khac / Other reference

NFPA 55: S6 hiéu khi nén va chat 1dng siéu lanh | Compressed Gases and Cryogenic Fluids
Code

NFPA 2: Ma cong nghé Hydro | Hydrogen Technologies Code

CGA G-5.5: Hé théng thong hoi Hydro | Hydrogen Vent Systems

ISO/TS 19880-1:2017: Tram tiép nhan Hydro |Hydrogen fueling stations

BCGA CP 33: B0 quy tac thyc hanh: Ton chira Hydro & dang khi lvgng |6n tai co s&
str dung | Code of practice: The Bulk Storage of Gaseous Hydrogen at Users Premises (*)

D39 2021-01-PRESLHY_ChapterLH2-v3: S6 tay an toan Hydro: Chuwong an toan
Hydro |8ng | Handbook of Hydrogen safety: Chapter on LH2 safety PRESLHY

EIGA 06-19: An toan trong thao téc, Iwu trit va phan phéi Hydro 18ng | Safety in storage,
handling and distribution of liquid hydrogen.

Ghi chi : (*) Tai liéu dé cé phién ban tiéng Viét va ddng trén wedsite AIGAVN https://aigavn.com.vn
Remarks: (*) Documents are translated into Vietnamese and posted on webite of AIGAVN
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IV. AN TOAN SAN XUAT VA CHIET NAP KHi HYDRO

SAFETY ON HYDROGEN PRODUCTION AND FILLING
4.1 Téng quan vé Hydrogen | Generation on Hydrogen:

-

4.1.1 Dac tinh / Characteristic
— UN 1049 Hydro nén |
Hydrogen compressed
— UN 1966 Hydro hoa long |
Hydrogen refrirated liquid
— Hydro tén tai & trang thai khi tai bat ky ap
suat nao, néu nhiét d6 trén —240 °C
Hydrogen exists in gaseous form — at any
pressure — if its temperature is above —240 °C.
~ . ~ , 1966
— Hydro la khi nhe nhat (tai dp suat khi Léng Liquid
quyén, ty trong la 84g/m3
Hydrogen is the lightest of all gases (at
atmospheric conditions density 84 g / m3)
Phén tu khi Hydro la
— Hydrogen molecules are
e Ratnhova | very small and
e Rat dé linh dong | very movable

Tén Name Hydro Hydrogen S6 CAS No. 1333-74-0

Cong thic héa hoc H Khéi lugng phan tir 2.00

Chemical Formula 2 Molecular Weight :

Ty trong khi 3 IV el g e 5T 0.07  (khéng khi=1, & 1atm)
Gas Density 84 g/m* (0°C, 1atm) Gas Relative Density (Air=1, at 1atm)

Ty trong léng 70.8 kg/m3 Diém téi han —240°C
Liquid Density (& nhiét do s6i - Boiling point) Critical Point

Diém soi
Boiling Point

—253°C (latm)

Péc tinh Cuc ky dé chay, khéng déc, khéng dn mon. Khéng mau, khéng mui , khéng vi

Characteristics Extremly flammable, Non-toxic, Non-corrosion. Colorless, tasteless, odorless

Phan (fng hda hoc H, hoat ddng phan Ung hoéa hoc khdng manh, cé tinh khi
Chemical Reactivity Hydrogen is not significantly reactive; hydrogen is a reducing agent.

Gian nd tir léng sang khi  JEEEEL
Expanding from loose to gas 1L liquid is up ~ 830L gas at ambient temperature.
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4.1.2. Nguy co’ mat an toan / Dangerous risk.

4.1.2.1. Chdy nb / Explosion.

Hydro cé mirc danh gid cao nhat cia NFPA 704 |a 4 trén thang do kha ndng chdy vi nd
dé chdy ngay ca khi tron véi lwvgng nhé khdng khi thdng thudng. Su bat [lra cé thé xady
ra & ty 18 thé tich Hydro so vdi khdng khi thap téi 4% do oxy trong khéng khi va tinh
don gian cling nhu tinh chat héa hoc cda phan &ng.

Hydrogen possesses the NFPA 704's highest rating of four on the flammability scale because it is

flammable when mixed even in small amounts with ordinary air. Ignition can occur at a volumetric
ratio of hydrogen to air as low as 4% due to the oxygen in the air and the simplicity and chemical

properties of the reaction.
4.1.2.2. Phd huy két cau vat liéu / Destroy material structure.
— Khi hydro cé thé gy ra tinh trang gion & mot s6 kim loai do né cé thé thay déi thanh
phan hod hoc cta chung, khi st dung hoac thiét ké thiét bj chira can lwu y van dé nay
Hydrogen can change mechanical component of some material, make it more brittle. We must mind

this problem when using or designing storage devices.

Highly Ductile Fracture  Ductile Fracture Brittle Fracture

B B

— Céc chai chtta khi Hydro phai dugc thiét k& bang 1 loai thép cé cac thanh phan khac véi cac chai khi
thong thuong/ Hydrogen gas cylinders must be designed with a type of steel with different

components than normal gas cylinders.

Rev. 00
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4.1.2.3. Gay ngat / Suffocating

— Tuy nhe hon khong khi, nhwng & nhitng khong gian kin khi hodc thong gid kém, ro ri
khi hydro cling c6 thé lam giam néng do khi oxi va gay ra ngat thé / Even though hydrogen
is very light, in airtight or poor ventilation spaces, hydrogen leak can decrease concentration of oxygen,
which suffocating.

o0 ©® _ o
o 9,
@@

~

~
-0

— Hydro |3 nguyén t& rat nhe va c6 dudng kinh nguyén tlr nhd nén cé thé bi ro ri xuyén

4.1.2.4.Rori/ Leak

qua mdt s6 kim loai, tao ra thir thach vé cach thirc va cong nghé dé Ivu trir 1au dai
Hydrogen atomic is very light and small, which can make it leaks straight through some material,
creates challenges in methods and technology for long-term storage.

— RUi ro that thodt I&n vi chi cAn mot rd ri nhé cling ¢ thé dan d&n mot lwong 16n khi
hydro bj thoat ra
Risk of big loss when even very small leak can release huge amount of Hydrogen.

— Tan céng hydro nhiét d6 cao (HTHA) 1a mét tinh
trang nguy hiém co thé xay ra trong thiét bi x{r ly
ti€p xuc vai hydro & nhiét do cao (it nhat 400F
hodc 204C), trong diéu kién khd, khi hydro phan
ly thanh hydro méi hinh thanh (nguyén ti), sau
doé duoc dua vao thép bdinhiét d6 va ap suat cla
moi trwong. Sau dé, hydro nguyén tlr phan &ng

vdi cac cacbua khéng 6n dinh trong thép dé tao
thanh khi métan, tich tu trong ranh gidi hat vi cau truc, cudi cung dan dén nirt. Diéu
nay thudng nguy hiém vi thiét bj thwdng chira hydrocacbon & dp suat va nhiét do cao
High Temperature Hydrogen Attack (HTHA) is a dangerous condition that can occur in process
equipment exposed to hydrogen at high temperatures (at least 400F or 204C), under dry conditions,
when hydrogen dissociates into newly formed (atomic) hydrogen, which is then introduced into the
steel by the ambient temperature and pressure. The atomic hydrogen then reacts with unstable
carbides in the steel to form methane, which accumulates at the microstructure grain boundaries,

eventually leading to cracking. This is often dangerous because equipment often contains

hydrocarbons at high pressures and temperatures.
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— HTHA Ia hién twgng phu thudc vao thoi gian-nhiét do-ap suat. Piéu nay cé nghia la thiét
bi cang ti€p xuc lau vadi nhiét do va 4p suat riéng phan hydro trén gidi han dién trd cia né
thi thiét hai cho thép sé& cang tich tu; va nhiét do tang cang cao trén gidi han cta thép thi
thiét hai s& xay ra cang nhanh
HTHA is a time-temperature-pressure dependent phenomenon. This means that the longer the device is
exposed to temperatures and hydrogen partial pressures above its resistance limit, the more damage to

the steel will accumulate; and the higher the temperature above the steel's limit, the faster the damage

will occur.

4.1.3. Ung dung / Application.

Source: https//wha ydrog dustry,

Khac
Others
10%

Loc dau
Petroleum refining
25%

- >

San xuat Metanol San xuat A-mo-ni-ac
Methanol production Ammonia production NH3
10% 55%

Khi Hydro duoc (rng dung trong rat nhiéu Iinh viec nhu
Hydrogen is applied in many fields such as:

4.1.3.1 Nang lvong | Energy

— Hydro dang dugc sir dung dé lam nguyén liéu cho tén Ilra day do tinh chat nhe cta nd /
Hydrogen is being used as fuel for rocket due to its lightness.

— Dung lam pin nhién liéu nho cé cac phan &ng dién hoa
Used as battery due to electrochemical reaction.

— Hién nay, bén canh xe dién, cong ty Toyota cling dang nghién clru va phat trién déng co
st dung nguyén liéu Hydro /
Besides electric cars, Toyota is developing a type of engine using hydrogen fuel.

— Hydro dugc hira hen cé thé tré thanh nguyén liéu sach thay thé cho cac nguyén liéu hoa

thach dang dan can kiét
Hydrogen is expected to be a clean replacement for fossil fuel that is being exhausted
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4.1.3.2 Nganh hoa chat / Chemical industry.

— Dung dé ché tao ammoniac trong phan bdn, methanol cho nhién liéu va héa chat
Used to produce ammonia for fertilizer, methanol for fuel and chemicals.

— NO6 cling phuc vu nhuw mot chat khir trong nhiéu phan ng héa hoc
It is also used as a reducing agent in many chemical reactions.

SA 1

AMMONIUM SULPHATE

NITROGEN 21% MIN
SULPHUR 24% MIN
MOISTURE 1.0% MAX
MADE IN JAPAN

ET @

PR S @ﬂ“f

4.1.3.3 Nganh kim loai / Metallurgical
— Dung lam nguyén liéu dé cat kim loai
Used to cut metals.

— Dung lam chat khir oxit d& ché& tao cac nguyén t8 kim loai nhu sat, nhém, dong, ...
Used as a reducing agent to produce pure metal.

HHO Cutting Machione For Metal Cut

4.1.3.4 Nganh dién tlr / Electronic.
— Dung trong san xuat cac chat ban dan nhu silic va germani, nguyén liéu quan trong dé san
xuat chip s dung trong moi thiét bi dién t&r hién nay

Used in the production of semiconductors such as silicon and germanium, important materials for
producing chips which are in all electronic devices.

ool !
3 al(ulalo!
2 leptop

4. computer

‘ ELECTRIC DEVICES
6 watch

7

<™ = headphones
& 4 m-—-
- B
11 har fan
[ 2 JE— —
= A
9 /

12 Tvse 13 cell phone
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4.1.3.5 Thuec phdm / Food industry.

— Quaé trinh hydro hod chuyén hod chat béo khéng bdo hoa thanh chat béo b3o hoa, tang
tudi tho s&r dung ctia ching

The hydrogenation process converts unsaturated fats into saturated fats, increasing their shelf life.

SATURATED HHHHHHHHHHHHHHHHO
Stearicacid HCCCCCCCCCCCCCCCCCOH
(found in better) HHHHHHHHHHHHHHHH

H c
WH WowMoeS
UNSATURATED L R ccC Ty

Umeleic acid U R W
(found in vegetable oil) H wH
H

Tranms double bond

HHHHHHHH HHHHH
TRANS  H-C-C-C-G-C-C-C-C \ Y
trmos-Linwleie acid C-C-C-C-C-C-OH

(found In some HHHHHHNN HHHHHHN
margarine)

4.2 An toan san xuat Hydrogen | Safety Hydrogen

4.2.1 Cac

quy dinh lién quan dén nha mdy san xuat H2/Related regulations:

4.2.1.1. Khoang cach an toan/ Safe distance

(tham khao thém tai liéu / Ref. AIGAVN’s document AIGAVN-SA-008)

Can c& Quy chuin ky thuat Quéc gia QCVN 05A:2020/BCT An toan trong san xuat, kinh
doanh, sir dung, bdo quan va van chuyén hda chat nguy hiém
Pursuant to National Technical Regulations QCVN 05A:2020/BCT Safety in production, business, use, storage

and transportation of dangerous chemicals

Kho chira héa chat nguy hiém phai dwoc bé tri, phan chia khu vic sap xép theo tinh
chat cla tirng loai, nhdm héa chat

Warehouses for dangerous chemicals must be arranged and divided into areas according to the nature
of each type and group of chemicals.

Cac hda chat cé dic tinh khong tuong thich phai duwoc bao quan bang cach phan lap
khu vire theo khodng cach an toan hodc cach ly trong cac khu vue riéng biét bang twong
chan dé dam bao khong ti€p xuc véi nhau ké ca khi xay ra sy cd

Chemicals with incompatible properties must be stored by isolating areas at a safe distance or isolated
in separate areas with retaining walls to ensure no contact with each other even when an incident

occurs.

Khi x&€p héa chat trong kho phai ddm bao yéu cau an toan cho ngudi lao déng va hang
hda nhu sau
When storing chemicals in the warehouse, safety requirements for workers and goods must be met as
follows:
o Cac thiét bj chira héa chat khéng duoc x€p sat tran kho va khdng cao qua 2 m néu
khong coé ké chira
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Chemical storage equipment must not be placed close to the warehouse ceiling and must not be
higher than 2 m if there are no shelves.

L8i di chinh trong kho rong t&i thiéu 1,5 m

The main aisle in the warehouse is at least 1.5 m wide

Kho chira hdéa chat dé chay, né phai cach ly véi Itra va ngudn nhiét

Warehouses storing flammable and explosive chemicals must be isolated from fire and heat
sources.

Khodng cach an toan t&i thidu tir khu virc bdo quan hda chat dé chdy dén ngudn
phat sinh nhiét, tia Ilra dién

Minimum safe distance from flammable chemical storage area to heat and spark sources:

Khu vue lwu chira chat 1dng dé chay bén trong phwong tién chira déng kin: Khodng
cach an toan tdi thiéu 3m

Flammable liquid storage area inside closed container: Minimum safe distance of 3m

Khu vire lwu chira chat 1dng dé chdy dang san chiét, khuay tron: Khodng cach an
toan toi thiéu 8m

Storage area for flammable liquids being extracted and mixed: Minimum safe distance of 8m

Cac co s& c6 hda chat dé chdy, né cé thé duy tri khoang cach an toan I&n hon tuy thudc vao

danh gia rdi ro cong viéc phat sinh nhiét va cac bién phap phong nglra su cé chdy nd
In facilities with flammable chemicals, it may be possible to maintain a greater safety distance depending

on the thermal work risk assessment and fire and explosion prevention measures.

4.2.1.2 Phong chay chira chay / Firefighting

Can c& Quy chuan ky thuat Quéc gia QCVN 05A:2020/BCT An toan trong san xuat, kinh
doanh, sir dung, bdo quan va van chuyén hoda chat nguy hiém
Pursuant to National Technical Regulations QCVN 05A:2020/BCT Safety in production, business, use, storage

and transportation of dangerous chemicals

— Hoa chat dé chay, né khong dé cling véi 6xy, cac chat cé kha ndng sinh ra 6 xy, cac hoa

chat nguy hiém cé dac tinh khéng tuwong thich, cac chat c6 yéu cau vé phuwong phap

chira chdy khdc nhau hodc cé kha nang tao phan &rng nguy hiém khi tiép xic hodc chdy
Flammable and explosive chemicals not stored with oxygen, substances capable of generating oxygen,

dangerous chemicals with incompatible properties, substances that require different fire extinguishing

methods or have Potential for hazardous reactions upon contact or fire.

— Cam dé thiét bi, dudng 6ng chira hda chat dé chdy, nd gan ngudn phat nhiét. Trwong

hop cé anh ndng mat troi chiéu truc tiép, phai cé bién phap ha nhiét
It is forbidden to place equipment and pipes containing flammable or explosive chemicals near heat

sources. In case of direct sunlight, there must be measures to cool down.

— Hé thdng dién & nhitng noi cé hda chat dé chay, né phai ddm bao cac yéu cau sau
Electrical systems in places with flammable and explosive chemicals must meet the following

requirements:
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= Dung cu dién, thiét bj dién, thiét bj chi€u sdng phai la loai an toan chdy, né va cé
cap phong nd twong &ng véi mdi truwong hoi, khi dé chay, nd
Electrical tools, electrical equipment, and lighting equipment must be fire and explosion safe and
have an explosion prevention level corresponding to the vapor environment, when flammable or
explosive.

= Khéng dwoc dat day cép dién trong cung mét dwong ranh ngdm hodc noi cé éng
dan hoi, khi, chat |dng dé chay, né;
Do not place electric cables in the same underground trench or where there are pipes carrying
flammable or explosive vapors, gases, or liquids.

» Aptomat, 6 cam dién phai ddt & ngoai khu virc chira cdc hda chat dé chay, nd
Circuit Breaker and electrical sockets must be placed outside areas containing flammable and
explosive chemicals.

* Dam bdo rang tat ca cac bon chira, dwdng 8ng va thiét bi lién quan dén viéc lwu tri,
van chuyén va x& ly hydro déu dwoc ndi dat dé tranh tich tu tinh dién.
Ensure that all tanks, pipelines and equipment involved in hydrogen storage, transport and
handling are earthed to avoid the build-up of static electricity.
Hé théng thong gid clia kho chira hda chat dé chay, nd phai dwoc thong thoang tot dam
bdo ndng dd hoi héa chat nhd hon 10% gia tri gidi han né dudi bang cac bién phap
thong gid tu nhién hay cuwdng birc
The ventilation system of warehouses storing flammable and explosive chemicals must be well

ventilated to ensure chemical vapor concentration is less than 10% of the lower explosion limit value by
natural or forced ventilation measures.

Yéu cau vé thiét bi, dung cy, phuong tién chira

Requirements for equipment, tools, and storage facilities:

o May, thiét bj lam viéc trong khu vyc héa chat dé chay, nd phai ddm bao cac yéu cau
chung vé an toan nd theo quy dinh tai TCVN 3255: 1986. Dung cu lam viéc trong khu
vuc hda chat dé chay, nd phai cé bién phéap ky thuat dam bao khdng phat sinh tia
I(ra do ma sat hay va dap
Machines and equipment working in flammable chemical areas must ensure general requirements
for explosion safety as prescribed in TCVN 3255: 1986. Tools working in flammable and explosive

chemical areas must There are technical measures to ensure that sparks do not arise due to friction
or impact

» Cdacdung cy, thiét bj dién, thiét bi nang 1ap dat va st dung bén trong kho phai 1a loai
phong chéng chdy, n6

Tools, electrical equipment, and lifting equipment installed and used inside the warehouse must be
of fire and explosion prevention type:

o Thiét bi ndng, xe nang phai dam bao céc tiéu chuin vé phong chdng chdy, nd
theo tiéu chuan hién hanh. Khéng tién hanh cac hoat ddng stra chira, tiép nhién
liéu, sac dién bén trong kho chira, nha xwdng san xudt, s& dung héa chat
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Lifting equipment and forklifts must ensure fire and explosion prevention standards according
to current standards. Do not carry out repair, refueling, or charging activities inside
warehouses, factories that produce or use chemicals.

Dung cu m& phuong tién chira héa chat dé chéy, né phai lam bang vat liéu hodc cé
bién phap ky thuat dam bao khdng phat sinh tia Ilra do ma sat hay va dap

Tools for opening vehicles containing flammable or explosive chemicals must be made of materials
or have technical measures to ensure no sparks due to friction or impact.

Phuong tién chira hda chat I6ng dé chay, nd phai gitr dung hé s6 day quy dinh tuy
theo dac tinh héa ly cha chat I6ng d6; phwong tién chira 1én phai cé van xa mét
chiéu, van ngat Itra kém bich an toan phong nd; bich an toan phong né phai lam
bang vat liéu khéng chdy, né; dau 8ng dan hoéa chat dé chdy, né vao phuong tién
chira phai sat mép hodc sat day; phuong tién chira chiu ap luc phai c6 van an toan
Xa qua ap

Vehicles containing flammable or explosive liquid chemicals must maintain the prescribed filling
coefficient depending on the physicochemical characteristics of that liquid; Large storage vehicles
must have one-way discharge valves, fire shut-off valves and explosion-proof safety flanges;
Explosion safety flanges must be made of non-flammable and explosive materials; The tip of the

pipe carrying flammable or explosive chemicals into the storage medium must be close to the edge
or bottom; Pressure storage media must have an overpressure release safety valve.

Tinh trang hoat ddng cla cac phuong tién chira phai duoc kiém tra dinh ky it nhat
01 1an 01 thang. Co s& c6 hoda chat nguy hiém cd trach nhiém luu gilr bién ban kiém
tra dén Ian kiém tra tiép theo va xuat trinh cho co quan quan ly c6 tham quyén khi
duoc yéu cau

The operating status of storage facilities must be periodically checked at least once a month.

Facilities with dangerous chemicals are responsible for keeping inspection records until the next
inspection and presenting them to the competent management agency upon request.

Khong dung ngon Itra truc ti€p soi sang dé tim chd hé cac dwong dng dan, thiét bj
chtra cac hda chat dé chay, n6

Do not use direct flame to illuminate pipes and equipment containing flammable and explosive
chemicals.

Trudc khi han thiét bi, ng dan truwdc da chira hda chat dé chay, nd, phdi mé hét
cac nap thiét bj, mat bich 6ng dan va [am thodt hét khi dé chdy, né ra ngoai, thong
th6i sach dam bao khong con kha nang tao thanh hdn hop chay, nd

Before welding equipment and pipes that contain flammable or explosive chemicals, you must open
all equipment covers and pipe flanges and release any flammable or explosive substances.
Possibility of forming flammable and explosive mixtures.

Trwdc khi dwa vao dudng 6ng hay thiét bi mot chat cé kha nang gy chay, nd, hodc
trudc va sau khi sira chira phai thuc hién nghiém ngit cac quy trinh phong chdy, né

No. AIGAVN-SA-007 https://aigavn.com.vn Rev. 00

Page 13 of 60

Date: Nov 15, 2024


https://aigavn.com.vn/

An todan sén xudt va chiét nap Hydro / Safety in production and filling of Hydrogen

Before putting a substance that can cause fire or explosion into a pipeline or equipment, or before
and after repair, strictly follow fire and explosion prevention procedures:

o Tht kin, thir dp (néu can)
Sealing test, pressure test (if necessary);

o Théng rlira bang mdi chat thich hgp hodc khi tro
Flush with suitable solvent or inert gas;

o Xacdinh ham lwong 6xy, khdng khi hodc chat chdy, né con lai sao cho khéng con
kha nang tao hon hop chay, né
Determine the remaining oxygen, air or explosive substance content so that it is no longer
capable of creating a flammable or explosive mixture.

K&t qua kiém tra phai duoc xdc nhan clia can bd phu trach an toan trudc khi tién hanh
stra chira

Inspection results must be confirmed by the safety officer before repair is carried out.

Phai c6 quy dinh chat ch& ché d6 dung Ira tai khu vee san xuat, s&r dung va kho chira
hoa chat dé chay, nd. Khi slra chita co khi, han dién hay han hoi phai tuan thl quy trinh
lam viéc an toan phong chdy, nd, cd xac nhan bado dadm cha cén bd an toan lao déng
There must be strict regulations on the use of fire in production, use and storage areas of flammable

and explosive chemicals. When doing mechanical repairs, electric welding or gas welding, you must
comply with fire and explosion safety working procedures, with confirmation from a labor safety officer.

Nha xudng san xuat, kho chira hda chat nguy hiém, khi thiét ké xay dung mdi hodc cai
tao phai thyc hién theo quy dinh tai QCVN 06: 2022/BXD An toan chay cho nha va céng
trinh; TCVN 4604: 2012 Xi nghiép cdng nghiép-Nha san xuat-Tiéu chuan thiét k& va cac
quy dinh phap luat cd lién quan, phu hop vdi tinh chat, quy mé va cdng nghé san xuét,
lwu trit hoa chat

Production workshops and warehouses storing dangerous chemicals, when designing new construction
or renovation, must comply with the provisions of QCVN 06: 2022/BXD Fire safety for houses and

buildings; TCVN 4604: 2012 Industrial enterprises - Manufacturers - Design standards and relevant legal
regulations, suitable to the nature, scale and technology of chemical production and storage.

Puong, 16i thodt nan clia nha xwdng, kho chira hda chat phai duoc thiét k&, xay dung
theo quy dinh tai QCVN 06: 2022/BXD va cac quy dinh hién hanh

Roads and escape routes of factories and chemical warehouses must be designed and built according
to regulations in QCVN 06: 2022/BXD and current regulations.

Hé théng thong gié cla nha xudng, kho chira hda chat nguy hiém phai dwoc lap dat dé
dam bdo gia tri cho phép vi khi hau tai noi lam viéc quy dinh tai QCVN 26 : 2016/BYT /
Ventilation systems of factories and warehouses storing dangerous chemicals must be installed to
ensure the allowable microclimate value at the workplace specified in QCVN 26: 2016/BYT.

Hé théng chiéu sang nha xudng sdn xuat, kho chira héa chat nguy hiém phai ddm bao
murc cho phép chiéu sdng noi lam viéc theo quy dinh tai QCVN 22: 2016/BYT
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The lighting system of production workshops and warehouses storing dangerous chemicals must ensure
the allowable workplace lighting level as prescribed in QCVN 22: 2016/BYT.

Nha xuwdng, kho chira hda chat nguy hiém phai cé hé théng thu 16i chong sét hodc nam
trong khu vuc dwoc chdng sét an toan va duoc dinh ky kiém tra theo cac quy dinh hién
hanh

Factories and warehouses storing dangerous chemicals must have lightning protection systems or be
in safe lightning protection areas and be periodically inspected according to current regulations.

Nha xuwdng, kho chira c6 hda chat nguy hiém phai cé it nhat 2 16i ra, vao. Cac I6i ra, vao,
clra thodt nan, 16i di cho ngudi di bd khdng bi cdn trd

Factories and warehouses containing dangerous chemicals must have at least 2 entrances and exits.
Entrances, exits, and pedestrian walkways are not obstructed.

4.2.1.3. Huan luyén/ Training:

Nhirng ngudi lam viéc ti€p xdc vai cdc hda chat nguy hiém phai dwoc huin luyén an
toan héa chat theo quy dinh cta Nghi dinh 113/2017/ND-CP ngay 09/10/2017 cua
Chinh pht quy dinh chi tiét va hudng dan thi hanh mot s6 diéu cla Luat hda chat va
cac quy dinh hién hanh

People who work in contact with dangerous chemicals must receive chemical safety training according

to the provisions of Decree 113/2017/ND-CP dated October 9, 2017 of the Government detailing and
guiding implement a number of articles of the Chemical Law and current regulations.

Bén canh d6, ngudi lam viéc & tiép xic vdi hda chat cdn dwgce hudn luyén va duoc cap
1 56 cdc loai gidy chirng nhan, chirng chi (tham khao phu luc s6 01)

In addition, it is necessary to receive training for the following types of certificates and certifications
(please refer appendix no.1)

4.2.1.4. Ung phé sy c6 hda chat va bao vé moéi truong

Respond to chemical incidents and protect the environment:

Co s& c6 hda chat nguy hiém phai xay dwng va trién khai thuc hién ké hoach hodc bién
phdp phong nglra, rng phé sw c6 hda chat theo quy dinh tai Nghi dinh 113/2017/ND-
CP quy dinh chi tiét va huéng dan thi hanh mot s6 diéu cla Luat hda chat

Facilities with dangerous chemicals must develop and implement plans or measures to prevent and

respond to chemical incidents according to the provisions of Decree 113/2017/ND-CP detailing and
guiding Implement several articles of the Law on Chemicals.

H2 thudc phu luc IV Kém theo Nghi dinh s6 113/2017/ND-CP - Danh muc Hda chat nguy
hiém phai xay dung K& hoach phong nglra, rng phd suw ¢ hoa chat véi Ngudng khoi
lwvong hda chat ton trit I&n nhat tai mot thoi diém 5.000kg

H2 is in Appendix IV Attached to Decree No. 113/2017/ND-CP - List of Dangerous Chemicals requiring
the development of a Plan to prevent and respond to chemical incidents with the Threshold of the
largest volume of chemicals stored at 5,000kg at a time.
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e Ch{ dau tv du 4n sadn xuat, kinh doanh, cat gilr va st dung hda chat cé it nhat 01
héa chat thudc Phu luc IV kém theo Nghi dinh nay véi khéi luvgng ton trir I&n nhat
tai mot thoi diém 1dn hon hodc bang ngudng khéi lwong quy dinh tai Phu luc nay
phai xay dung K& hoach phong ngira, (rng phé su c6 hda chat doi vdi tat ca cac hda
chat nguy hiém ma du 4n cdé hoat déng va trinh b quan ly nganh, linh vuc thdm
dinh, phé duyét trwdc khi chinh thirc dua dy an vao hoat dong.(khoan 2, diéu 20,
Nghi dinh 113/2017/ND-CP)

The investor of a project to produce, trade, store and use chemicals has at least 01 chemical in
Appendix |V attached to this Decree with the largest storage volume at a time greater than or equal
to the threshold The volume specified in this Appendix must develop a plan to prevent and respond
to chemical incidents for all dangerous chemicals in which the project operates and submit it to the

industry and field management ministry for appraisal and approval. approved before officially
putting the project into operation. (Clause 2, Article 20, Decree 113/2017/ND-CP)

e Ch{ dau tuw du an san xuat, kinh doanh, cat gilr va s&r dung hda chéat trir truong hop
quy dinh tai khoan 2, Biéu 20, Nghi dinh 113/2017/ND-CP nay phai xay dung Bién
phap phong nglra, 'ng phd su ¢6 hda chat trudce khi dy an chinh thirc dwa vao hoat
dong
Investors in projects to produce, trade, store and use chemicals, except for the cases specified in

Clause 2, Article 20, Decree 113/2017/ND-CP must develop measures to prevent and respond to
chemicals. Respond to chemical incidents before the project officially comes into operation.

Co s& héa chat nguy hiém phai thuc hién day dd cdc quy dinh phap ludt vé bao vé moi
trweong. Nwdc thai phai duoc x&r ly dat QCVN 40: 2011/BTNMT, khi thai phai dwoc xi
ly dat QCVN 19: 2009/BTNMT, QCVN 20: 2009/BTNMT

Dangerous chemical facilities must fully comply with legal regulations on environmental protection.

Wastewater must be treated to meet QCVN 40: 2011/BTNMT, exhaust gas must be treated to meet
QCVN 19: 2009/BTNMT, QCVN 20: 2009/BTNMT.

Khu vie luu chira hda chat tran d6, hda chat thai bd, bao bi, thiét bi chira da qua st
dung, cdc hda chat hét han sir dung phai tuan thd cac quy dinh vé bao vé méi truong
va quan ly chat thai nguy hai

Storage areas for spilled chemicals, discarded chemicals, used packaging, storage equipment, and
expired chemicals must comply with regulations on environmental protection and hazardous waste
management. harmful.

Nha xwdng, kho chira hda chat nguy hiém dang |6ng phai cé hé thdng bd, rdnh thu gom
dé dam bdo hda chat khéng thodt ra méi trudrng; hda chat khong tiép xuc véi céc loai
hda chat cé kha nang phan &ng trong trudng hop xay ra sw c6 tran d6, ro ri héa chat
nguy hiém khdc

Factories and warehouses storing liquid dangerous chemicals must have a system of banks and

collection ditches to ensure that chemicals do not escape into the environment; Chemicals do not meet
chemicals that can react in the event of a spill or leak of other dangerous chemicals.
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4.2.1.5. Yéu cau an toan trong van chuyén hda chat nguy hiém

Safety requirements in transporting dangerous chemicals

Khi van chuyén héa chat nguy hiém phai tuan thd theo quy dinh Nghi dinh 34/2024/ND-
CP ngay 31 thang 03 ndm 2024 cta Chinh phu quy dinh Danh muc hang hda nguy hiém,
van chuyé&n hang héa nguy hiém bang phuong tién giao thong co gidi duwdng bd va van
chuyén hang hda nguy hiém trén dudng thuy néi dia va cac van ban phap luat hién
hanh

When transporting dangerous chemicals, must comply with the provisions of Decree 34/2024/ND-CP
dated March 31, 2024, of the Government regulating the List of dangerous goods and transporting

dangerous goods by vehicle. motorized road traffic and transportation of dangerous goods on inland
waterways and current legal documents.

H2 thudc phu luc | Kém theo Nghj dinh s6: 34/2024/ND-CP - Danh muc hang nguy hiém:
thuoc loai 2

H2 belongs to Appendix | attached to Decree No. 34/2024/ND-CP - List of dangerous goods: belongs to
category 2.

B6 Céng An quan ly hoat ddng van chuyén hang hda nguy hiém; cap Gidy phép van
chuyén hang hdéa nguy hiém loai 2 (khoan 1 diéu 17, khodn 1 diéu 22, Nghj dinh
34/2024/ND-CP)

The Ministry of Public Security manages the transportation of dangerous goods, Granting Class 2
Dangerous Goods Transport License (Clause 1, Article 17, Clause 1, Article 22, Decree 34/2024/ND-CP)

4.2.1.6. Gidy chirng nhan da diéu kién sdn xuat, kinh doanh hda chat sdn xuat, kinh doanh cé diéu

kién trong [inh vurc cong nghiép/ Certificate of eligibility for production and trading of chemicals for

conditional production and trading in the industrial sector:

H2 cé trong Danh muc hda chat san xuat, kinh doanh cé diéu kién trong linh vuc cong
nghiép dugc ban hanh tai Phu luc | kém theo Nghij dinh 113/2017/ND-CP dugc bd sung
b&i Nghi dinh 82/2022/ND-CP stra d6i Nghi dinh 113/2017/ND-CP huwéng dan Luat Héa
chat

H2 is included in the List of chemicals for conditional production and trading in the industrial sector

issued in Appendix | attached to Decree 113/2017/ND-CP supplemented by Decree 82/2022/ND -CP
amends Decree 113/2017/ND-CP guiding the Law on Chemicals

T6 chirc, cd nhan, trir t6 chirc, ca nhan chi dwgc san xuat, kinh doanh héa chat san xuét,
kinh doanh c6 diéu kién trong Iinh vic cdng nghiép sau khi duoc co quan cé tham
quyén cap Gidy chirng nhan da diéu kién va cé trach nhiém duy tri du diéu kién quy
dinh tai khodn 1, khoan 2 Diéu 9 trong sudt quad trinh hoat ddng san xuat, kinh doanh.
Truwdng hop t6 chirc, cd nhan khéng con dap &ng dd diéu kién s& bi thu hdi Gidy chirng
nhan theo quy dinh tai khodn 2 Diéu 18 cla Luat Hdéa chat

Organizations and individuals, except organizations and individuals, may only produce and trade
chemicals for conditional production and trading in the industrial sector after being granted a
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Certificate of eligibility by a competent authority. and is responsible for maintaining the conditions
specified in Clauses 1 and 2, Article 9 throughout the process of production and business activities. In
case an organization or individual no longer meets the conditions, the Certificate will be revoked
according to the provisions of Clause 2, Article 18 of the Law on Chemicals.

4.2.2 Quy trinh san xuat khi H2 (tir PIEN PHAN): H2 gas production process (from Electrolysis):

Hydrogen + Oxygen

H, 0,

o°oo
0G0

Mot nha may dién phan nwdc tao ra hydro (va oxy) bang cach phan hly nuéc do dong
dién di qua. Bang cach truyén mot dong dién gitra hai bé mat kim loai ("dién cuc") dworc
ngan cach b&i mang ngan hodc mang, khi hydro duoc hinh thanh & dién cwec am (cuc
am) va oxy & dién cuc duwong (cwc duwong).

A water electrolysis plant produces hydrogen (and oxygen) by the decomposition of water due to the
passage of electric current. By passing an electric current between two metal surfaces (“electrodes”)

separated by a diaphragm or a membrane, hydrogen gas is formed at the negative electrode (cathode)
and oxygen at the positive electrode (anode).

Céng nghé dién phan nudc co thé dugc phan loai theo chat dién phan, dwoc thém vao
nudc dé cai thién d6 dan dién clia né hodc tach hai nlra phan (rng & cuc dwong va cuc
am cla may dién phan. Cac cong nghé dién phan nwdc phd bién nhat 1a dién phan nwdc
kiém, mang trao déi proton (PEM) (con duwoc goi |a mang dién phan polymer), dién
phan nwdc, dién phan nudc mang trao ddi anion va dién phan oxit ran. Bién phan nuéc
mang trao d6i anion va dién phan oxit ran, con duoc goi 1a dién phan nhiét do cao,
dang trong giai doan nghién ctru va phat trién va sé khdong duoc thdo luan thém.

Water electrolysis technologies can be classified according to the electrolyte, which is either added to
the water to improve its conductivity or which separates the two half reactions at the anode and
cathode of the electrolyze. The most common water electrolysis technologies are alkaline water
electrolysis, proton exchange membrane (PEM) (also known as polymer electrolyte membrane) water
electrolysis, anion exchange membrane water electrolysis, and solid oxide electrolysis. Anion exchange

membrane water electrolysis and solid oxide electrolysis, also known as high temperature electrolysis,
are in the research and development phase and will not be discussed further.

Hinh 3 minh hoa dién phan nudc kiém va céc té bao dién phan nuéc PEM va céc phan
&ng xay ra trong moi té& bao. Trong qua trinh dién phan nwdc kiem, dung dich nuéc
dién phan kiém (vi du: kali hydroxit) duoc sir dung, va mang ngan tich cuc duong va
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cwc Am. Phan &rng tong thé va céc phan (rng xay ra & cuc am va cuc dwong nhu duoc
chi ra trong hinh. Céi tén "dién phan nudc kiém" xuat phat tir viéc sir dung dung dich
dién phan kiém.

Figure 3 illustrates alkaline water electrolysis and PEM water electrolysis cells and the reactions that
occur in each. In alkaline water electrolysis process, an aqueous alkaline electrolyte (e.g., potassium
hydroxide) solution is used, and a diaphragm separates the anode and the cathode. The overall reaction
and the reactions that occur at the cathode and anode are as indicated in the figure. The name “alkaline
water electrolysis” comes from the use of an alkaline electrolyte solution.

Trong qua trinh dién phan nwdc PEM, nwdc khir ion duoc st dung; va mét mang trao
déi ion tach cuc duong va cwc 4m. Mac du phan rng dién phan téng thé 13 nhu nhau,
cac phan &ng & cuc am va cyc duong khac vadi cac phan irng xay ra & cac dién cyc trong
may dién phan nudc kiém. Tén mang trao d6i proton hodc mang dién phan polymer
xuat phat tir viéc sir dung mang polymer noi céc proton (H +) duoc trao déi tir bén nay
sang bén kia cua té bao.

In PEM water electrolysis process, deionized water is used; and an ion exchange membrane separates
the anode and the cathode. Although the overall electrolysis reaction is the same, the reactions at the
cathode and anode differ from the reactions that occur at the electrodes in an alkaline water

electrolyze. The name proton exchange membrane or polymer electrolyte membrane comes from the
use of a polymer membrane where protons (H+) are exchanged from one side of the cell to the other

Dién pha 76 I

Cathode - + Anode

Diaphragm

Dwong gugc 20H —-1202+Hwn+2e Duwong gue H20 - 2H++1/202+2
e

Am.circ 2H20 +2 A- —H2 + 2 Oh- Am.curc 2H++2e —H2

Téng H20 — H2 + 1/2 Oz Téngphanng H20 —H2+ 1202

phan,

ung

Hinh 3 - So d6 nguyén ly hoat déng cla té bao dién phan nwdc kiém va PEM
Figure 3 - Schematic of the operating principle of an alkaline and PEM water electrolysis cell

4.2.2.1 Dién phan nwéc kiém /Alkaline water electrolysis

Nhu minh hoa trong Hinh 4, cé tdm don vi co ban lién quan dén qud trinh dién phan
nuwdc kiem: loc nudc; cung cip chat dién giai; chuyén déi dién ap trung thé sang dién
ap thap, chuyén d6i dong dién xoay chiéu thanh dong dién mét chiéu trong bd chinh
lwu; dién phan; tach khi-1dng, khir oxy va lam khé hydro cla sdn pham.

As illustrated in Figure 4, there are eight basic units associated with the alkaline water electrolysis
process: water purification; electrolyte supply,; transformation of medium voltage to low voltage,

conversion of alternating current to direct current in the rectifier; electrolysis; gas-liquid separation,
deoxygenation, and drying of the product hydrogen.
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Hinh 4 - So d6 dong chay khéi clia hé théng dién phan nwdc kiém dién hinh
Figure 4 - Block flow diagram of a typical alkaline water electrolysis system

Buwdc dau tién cta qud trinh dién phan la loc nwdce cap, bdi vi bat ky tap chat nao trong
nudc cap sé tap trung bén trong cac té& bao dién phan va cé thé gay dn mon va lang
dong bé mét. Sau khi loc, nwdc cap dugc tron véi chat dién phan dé cai thién do dan
nuwdc. Chiriéng nuwdc khir ion khong thé duoc sir dung dé dién phan nudc, vi né khong
dan dién. Chat dién phan chi dwoc si dung dé cung cap d6 dan nwdc; Khong ai triong
s6 d6 duoc tiéu thu trong qua trinh dién phéan.

The first step of the electrolysis process is feed water purification, because any impurities in the feed
water will concentrate inside the electrolysis cells and can cause corrosion and surface deposits. After
purification, the feed water is mixed with the electrolyte to improve water conductivity. Deionized water

alone cannot be used for water electrolysis, as it is non-conductive. The electrolyte is used only to
provide water conductivity; none of it is consumed during the electrolytic process

Dién phan nudc xay ra trong cac té bao dién phan. Cac dién cwc duwoc ngdm trong chat
dién phan 1dng duoc ngdn cach bdi mot mang ngan. May dién phan nuéc kiém cili hon
c6 thé chira amidng lam mang ngan, nhung ching dang duoc thay thé bang vat liéu
khéng amidng va polyme x6p. Chat dién phan thuwong 1a dung dich kali hydroxit 20%
dén 40%. Dong dién mot chiéu duoc truyén gitra hai bé mat kim loai (dién cuc) qua
dung dich nuéc/chat dién phan, tao ra khi hydro & dién cwc 4m (cwec 4m) va oxy & dién
cwc duwong (cwc duwong).

Electrolysis of the water occurs in electrolytic cells. The electrodes are immersed in a liquid electrolyte
separated by a diaphragm. Older alkaline water electrolyzes can contain asbestos as the diaphragm,
but they are being replaced by non-asbestos materials and porous polymers. The electrolyte is usually
a 20% to 40% aqueous potassium hydroxide solution. Direct current is passed between two metal
surfaces (electrodes) through the water/electrolyte solution, producing hydrogen gas at the negative
electrode (cathode) and oxygen at the positive electrode (anode).

Vat liéu dua trén niken (vi du, hop kim véi cac kim loai nhu coban & sat, oxit kim loai
hon hop, v.v.) thwong duoc st dung [am dién cwe hodc 1dp phu dién cuc trong qua
trinh dién phan nwdc kiém. Tdc dd hinh thanh hydro va oxy ty |1& thudn véi lvgng dong
dién truc tiép duoc st dung. Dong dién mot chiéu duoc tao ra trong bd chinh luu,
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chuyén déi dong dién xoay chiéu thanh dong dién mot chiéu. Viéc dién phan nuwdc
duoc thuce hién dudi dién dp thap nhung cuong dé dong dién cao. Dién ap hoat déng
cla té bao thuong la 1,8-volt DC (VDC) dén 2,4 volt VDC, trong khi méat do dong dién
thudng 13 0,2 ampe (A) cm2 dén 0,5 A cm2. Cudng dd dong dién sé thay déi dua trén
tai trong hoat déng va tudi cla cac té€ bao. Mat d6 dong dién t6i da cé thé dat duogc
cta mdy dién phan nudc kiém thap hon déng ké so véi mdy dién phan nudc PEM do
tdn that ohmic cao trén chat dién phan 16ng va mang ngdn. Cac té bao dugc két ndi
dién ndi ti€p dé tao thanh mot ngdn x€p va dién dp hoat dong cha ngan xé&p ty & thuan
V@i s6 luong té bao. 1400 A dp dung cho 120 té bao s& tao ra khoang 70 Nm3 / h hydro.
1200 A s& san xuat khodng 60 Nm3 / h. 1400 A va 240 VDC tuwong &ng véi khodng 0,34
MW dién mot chiéu.

Nickel based materials (for example, alloys with metals such as cobalt & iron, mixed metal oxides, etc.)
are typically used as electrodes or electrode coatings in the alkaline water electrolysis process. The rate
of formation of hydrogen and oxygen is directly proportional to the amount of direct current used. The
direct current is generated in a rectifier, which converts alternating current to direct current. The
electrolysis of water is performed under low voltage but high amperage. Cell operating voltage is
typically 1.8 volts DC (VDC) to 2.4 volts VDC, while the current density is typically 0.2 amperes (A) cm2
to 0.5 Acm2. Amperage will vary based on operating load and age of the cells. The maximum achievable
current density of alkaline water electrolyzes is considerably lower than PEM water electrolyzes due to
the high ohmic losses across the liquid electrolyte and the diaphragm. Cells are electrically connected
in series to form a stack, and the stack operating voltage is proportional to the number of cells. 1400 A
applied to 120 cells will produce approximately 70 Nm3/h hydrogen. 1200 A will produce approximately
60 Nm3/h. 1400 A and 240 VDC corresponds to about 0.34 MW of DC power.

Dung dich dién phan duoc tuan hoan dé loai bd bot khi sdn phdm va nhiét bang may
bom hodc bang cach Iwu thong ty nhién do d6 d6c nhiét d6 / mat dd. Thong thudng,
nhiét do hoat déng danh nghia cha may dién phan nuwdc kiém [a tir 60 ° C dén 90 ° C
(140 ° F dén 195 ° F), va cac sdn pham hydro va oxy dang khi bdo hda nwdc va mang
theo mot lwgng nho chat long bi cudn vao. Chat I6ng bi cuén vao (dung dich dién phéan)
duoc loai bo khoi hydro trong thiét bi tach khi-ldng hydro va khdi oxy trong thiét bi
tach khi-ldng oxy. Cac dong chat I6ng thu duoc thwdng dugc tron 1an trudce khi duoc
tuan hoan vao ngan x&p té bao dé tai str dung. Diéu nay duoc thyc hién dé ngan chan
su pha lodng hodc néng dé chat dién phan, cd thé xay ra do nudc dugc tiéu thu & phia
cwc am va dugc san xuat & phia cuc duong.

The electrolyte solution is circulated for the removal of product gas bubbles and heat either by pumps
or by natural circulation due to temperature/density gradients. Typically, the nominal operating
temperature of alkaline water electrolyzes is between 60 °C to 90 °C (140 °F to 195 °F), and the gaseous
hydrogen and oxygen products are water-saturated and carry a small amount of entrained liquid.
Entrained liquid (electrolyte solution) is removed from the hydrogen in the hydrogen gas-liquid
separator and from the oxygen in the oxygen gas-liquid separator. The resulting liquid streams typically
are mixed before being recirculated to the cell stack for reuse. This is done to prevent dilution or
concentration of electrolyte, which could occur since water is consumed on the cathode side and
produced on the anode side.
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Dung dich dién phan tlr hai thiét bi phan tach khi-ldng chira khi hoa tan (hydro & phia
cuc am, oxy & phia cwc duong). Khi hai dong chat 1dng duoc két hop va tudn hoan vao
ngan x&p t&€ bao (nhu trong Hinh 4), su |ay nhiém chéo cla hai thanh phan khi xay ra.
Cé mot thiét ké thay thé trong dé hai dong chat I16ng duoc gilt riéng biét va chuyén
sang phia d6i dién cla té bao. Trong ca hai truvdng hop, két qua la cac dong khi roi khoi
dai phan céch bi 6 nhiém, san pham hydro chira mét lwgng nhoé oxy va oxy san pham
phu chira mét lvgng nho hydro. Trong cdu hinh thi ba, chat dién phan chira hydro tw
thiét bi phan tach hydro duoc bom trd lai phia hydro cia may dién phan; va chat dién
phan chira oxy tlr thiét bj tach oxy duoc bom trd lai phia oxy ciia may dién phan. Diéu
nay giam thiéu 6 nhiém chéo, mic du 6 nhiém van xay ra do sy khuéch tan khi tir bén
nay sang bén kia cla té& bao qua co hoanh. Dé tranh néng do chat gay 6 nhiém nguy
hiém, cac nha san xuat gidi han vong quay cla ngadn x&p may dién phan trong khoang
tir 10% dé&n 40% tai thiét k& va hé théng s& tat duya trén ndng do chat gay 6 nhiém.

The electrolyte solution from the two gas-liquid separators contains dissolved gases (hydrogen in the
cathode side, oxygen in the anode side). When the two liquid streams are combined and recirculated to
the cell stack (as shown in Figure 4), cross-contamination of the two gaseous constituents occurs. There
is an alternate design where the two liquid streams are kept separate and crossed to the opposite side
of the cell. In both cases, the result is that the gas streams leaving the separators are contaminated,
the product hydrogen containing a small amount of oxygen and the byproduct oxygen containing a
small amount of hydrogen. In a third configuration, the hydrogen-containing electrolyte from the
hydrogen separator is pumped back to the hydrogen side of the electrolyze; and the oxygen-containing
electrolyte from the oxygen separator is pumped back to the oxygen side of the electrolyze. This
minimizes cross- contamination, although contamination still occurs due to diffusion of gas from one
side of the cell to the other across the diaphragm. To avoid hazardous contaminant concentrations,

manufacturers limit turndown of the electrolyze stack to between 10% to 40% of design load, and the
system will shut down based on contaminant concentration.

Sau khi tach khi-ldng, bat ky oxy duw nao cling dugc loai bé khoi khi hydro thé trong chat
khir oxy (d6i khi duwoc goi 1a deoxo). Chat khir oxy 1a mot 16 phan (ng tang cé dinh,
trong d6 oxy du phan &ng véi hydro sdn pham qua chat xuc tac dé tao thanh nudec.

After gas-liquid separation, any residual oxygen is removed from the raw hydrogen gas in a deoxidizer

(sometimes referred to as a dioxo). A deoxidizer is a fixed-bed reactor in which the residual oxygen
reacts with product hydrogen over a catalyst to form water.

Nudc hinh thanh trong chat khir oxy dwoc loai bd trong hé théng say khi. Budc dau
tién trong qua trinh sdy khi 1a 1am lanh dong hoi dé ngung tu va tach bat ky nuwdc 1édng
nao hinh thanh. Budc th hai thudng 1a mét don vi hap phu xoay nhiét dd bao gém hai
hodc nhiéu |&p chat hap phu. Khi chdy qua mét hodc nhiéu givdng, moi givdng duoc
tai sinh dinh ky bang cach tang nhiét d6 cla givdng dé loai bé nwdc hap phu. Chat khir
oxy va mdy say dugc thiét ké dé dat dugc mirc tap chat oxy va nudc can thiét (thuong
dudi 5 ppmv oxy tir chat khir oxy va dudi 5 ppmv nwdc tir may say). Mdrc d6 tap chat
oxy va nwdc dwoc theo ddi tai dau ra ciia may sdy gas. Sau khi sdy kho, hydro duoc glri
dén tinh ché& thém néu can va sau d6 vao tiéu dé san phdm hodc luu trit.
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The water formed in the deoxidizer is removed in the gas drying system. The first step in gas drying is
to chill the vapor stream to condense and separate any liquid water formed. The second step is typically
a temperature swing adsorption unit consisting of two or more beds of adsorbent. Gas flows through
one or more beds, each of which is periodically regenerated by increasing the temperature of the bed
to drive off the adsorbed water. The deoxidizer and dryer are designed to achieve the required level of
oxygen and water impurities (typically less than 5 ppmv oxygen from the deoxidizer and less than 5
ppmv water from the dryer). Oxygen and water impurity levels are monitored at the outlet of the gas
dryer. After drying, the hydrogen is sent to further purification if required and then into the product
header or storage.

Trén cac don vi cii va nhiéu don vj hién tai, sdn phdm hydro ra khoi hé théng dién phan
& 4p suat thap va, tly thudc vao viéc st dung, cé thé yéu cau nén. C6 nhitng thiét ké
mdi hon hoat ddong & ap suat cao (1én dén khodng 3450 kPa (500 psi). C6 thé can nén
thém dé phan phdi san pham, tuy thudc vao ap suat cudi cung can thiét (vi du: dwdng
dng hodc xi lanh). Viéc nén c6 thé dugc dat & nhiéu noi khac nhau & ha lwu cla chat
khir oxy hodc mdy say.

On older and many current units, the hydrogen product comes out of the electrolysis system at low
pressure and, depending on use, probably requires compression. There are newer designs that operate
at elevated pressure (up to approximately 3450 kPa (500 psi). Additional compression can be required

for product delivery, depending on the final pressure required (e.g., pipe or cylinder). The compression
may be in a variety of places downstream of the deoxidizer or dryer.

4.2.2.2 Pién phan nwdc mang trao ddi proton/Proton exchange membrane water electrolysis

Hinh 5 la so @6 dong chay khdi cda hé thdng dién phan nwdc PEM. C6 bay don vi co
ban lién quan dén qua trinh dién phan nuéc PEM: loc nwdc; chuyén doi dién ap trung
thé sang dién 4p thap, chuyén ddi dong dién xoay chiéu thanh dong dién mét chiéu
trong b chinh luru; dién phan; tach khi-1dng, khir oxy va lam khd hydro cta san pham.
Su khéc biét chinh gitta hé théng dién phan nwdc PEM va hé théng dién phan nudc
kiém 13 polymer ran thay thé chat dién phan kiém ldng, do d6 khdng can bd phan cung
cap chat dién phan.

Figure 5 is a block flow diagram of a PEM water electrolysis system. There are seven basic units
associated with the PEM water electrolysis process: water purification; transformation of medium
voltage to low voltage, conversion of alternating current to direct current in the rectifier; electrolysis;
gas-liquid separation, deoxygenation, and drying of the product hydrogen. The main difference

between the PEM water electrolysis system and the alkaline water electrolysis system is that the solid
polymer replaces the liquid alkaline electrolyte, so there is no electrolyte supply unit required.

Lam sach nwdc Bién phin nudc Tach khidong hydro Khir oxy 53y Hydro San phim
c3p bang PEM Hydragen gas-liquid Denygenabon g Hydragen | hydro
Feed water purtfication PEM water electrolysis separation drying Product hydrogen
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Hinh 5 - So d6 dong chay khéi ctia hé théng dién phan nuwéc PEM dién hinh
Figure 5 - Block flow diagram of a typical PEM water electrolysis system

Budc dau tién clia qua trinh dién phan nwdc PEM 13 1am sach nuéc cap bang tham thau
nguoc, sau do né dugc lwu trit trong bé chuyén dung. Budc so bd nay |a can thiét dé
loai bd bat ky chat gay 6 nhiém va ion nao khdi nudc truwde khi cung cap cho quy trinh
bang nwdc khir ion ASTM loai Il ndy. Bat ky tap chat nao trong nwdc cap sé tap trung
bén trong céc té bao dién phan va gy ra sw 3n mon va can bé mat.

The first step of the PEM water electrolysis process is to purify the feed water by reverse osmosis, after
which it is stored in a dedicated tank. This preliminary step is necessary to remove any contaminants
and ions from the water before feeding the process with this ASTM type Il deionized water. Any

impurities in the feed water will concentrate inside the electrolysis cells and cause corrosion and surface
deposits.

Cling nhu dién phan kiém, dién phan nudc xay ra trong cac té bao dién phan. Mot mang
trao d6i proton (mang dién phan polymer) tach hai nira té bao va cac dién cuc thudng
duwogc gan truc ti€p trén mang, tao thanh cum dién cwc mang. Dong dién mot chiéu
duwoc truyén gitra hai b mat kim loai (dién cwc), tao ra khi hydro & dién cuwc am (cuc
am) va oxy & dién cuc duong (cuc duong). Ché d6 axit an mon dwoc cung cap bdi mang
trao doi proton doi hoi phai s&r dung 1dp phd xudc tac kim loai quy trén cac dién cuc.
Thong thuong, cuc duong dwoc phd moét [&p iridi xdc tac va cuc am dwoc phd mot [dp
bach kim xuc tac.

As with alkaline electrolysis, electrolysis of the water occurs in electrolytic cells. A proton exchange
membrane (polymer electrolyte membrane) separates the two cell halves, and the electrodes are
usually directly mounted on the membrane, forming the membrane electrode assembly. Direct current
is passed between two metal surfaces (electrodes), producing hydrogen gas at the negative electrode
(cathode) and oxygen at the positive electrode (anode). The corrosive acidic regime provided by the
proton exchange membrane requires the use of noble metal catalyst coatings on the electrodes.
Typically, the anode is coated with a catalytic layer of iridium and the cathode is coated with a catalytic
layer of platinum.

Ap suat trong thiét bj dién phan nwéc PEM c6 thé cao hon trong don vi dién phan kiem.
Phan sdn xuat khi hydro cé thé dat dp suat 1én t&i 3500 kPa (500 psi) trong cac ng
dung céng nghiép ma khéng can nén khi bén ngoai.

The pressure in a PEM water electrolysis unit can be higher than in an alkaline electrolysis unit. The
hydrogen gas production section can reach pressure up to 3500 kPa (500 psi) in industrial applications
without external gas compression.

Tuy thudc vao kich thudc cla don vi san xuat hydro, dién dp dau vao cd thé Ia cong
suat mot pha hodc ba pha, dién 4p thap (400 V) hodc trung thé (10 kV dén 30 kV) va 50
Hz hodc 60 Hz. B& chinh Iwu chuyén ddi dong dién xoay chiéu dén thanh dong dién mot
chiéu. Viéc dién phan nuéc dugce thye hién dudi dién dp thap nhung cudng d6 dong
dién cao. Dong dién dp dung cho ngan xép twong &ng truc ti€p vdi tdc d6 dong chay
cla hydro va oxy duogc tao ra. Dién ap hoat ddng cha té bao dién phan nuwdc PEM
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thuong la 1,8 VDC dén 2,2 VDC. So v&i may dién phan nudc kiém, hé théng dién phan
nuwdc PEM cé thé hoat dong & mat dd dong dién cao hon nhiéu. Tai thoi diém xuat ban
nay, hau hét cac hé thong dién phan nwdc PEM thwong mai hién cé trén thi trwong déu
hoat dong trong pham vi 1 A cm-2 dén 3 A cm-2.

Depending on the size of the hydrogen production unit, the input voltage can be single-phase or three-
phase power, low voltage (400 V) or medium voltage (10 kV to 30 kV), and 50 Hz or 60 Hz. The rectifier
converts incoming alternating current to direct current. The electrolysis of water is performed under
low voltage but high amperage. The electric current applied to the stack directly corresponds to the
flow rate of hydrogen and oxygen produced. PEM water electrolysis cell operating voltage is typically
1.8 VDC to 2.2 VDC. In comparison to alkaline water electrolyzes, PEM water electrolysis systems can
operate at much higher current densities. At the time of this publication, most commercial PEM water
electrolysis systems available on the market operated in the 1 A cm-2 to 3 A cm-2 range.

Céc té bao duoc két ndi dién ndi ti€p dé tao thanh mot ngan xép va dién 4p hoat dong
cla ngan x€p ty |é thudn véi s luvgng té bao. Vi du, mot hé théng dién phan nudc PEM
duogc thiét ké dé san xuat hydro 400 Nm3 / h bao gdbm 320 té€ bao trong mdt ngan xép
duy nhat vdi dién tich t& bao 1000 cm?2 trén moi t&€ bao dién phan s& hoat dong &
khodng 640 VDC & khodng 3000 A tuwong (ng vdi khoang 2 MW dién dau vao.

Cells are electrically connected in series to form a stack, and the stack operating voltage is proportional
to the number of cells. For example, a PEM water electrolysis system designed to produce 400 Nm3/h

hydrogen consisting of 320 cells in a single stack with a cell area of 1000 cm2 per each electrolysis cell
will operate at about 640 VDC at approximately 3000 A corresponding to about 2 MW of input power.

M&t mdy bom tudn hoan cung cdp nwdc cho phia andt clia ngan xép té bao. Nudc nay
loai bd nhiét tlr ngdn x&p té bao dién phan va duy tri nhiét dd ngan xép va murc chat
ldng. Mét phan cla nwdc khir ion bi oxy hda thanh oxy dang khi & phia andt clia ngan
xép té& bao, dan dén hon hop khi-1dng (oxy va nuédc) & dau ra clia ngan x&p. Do anh
hwdng cla dién trudng, cac proton (ion hydro) dwoc tao ra & phia andt clia ngan xép
té& bao di chuyén qua PEM dén phia catét, noi chung két hop véi cic electron tir mach
ngoai dé tao thanh khi hydro. Do hiéu (rng tham thiu dién, nwdc tir phia anét clia ngdn
xép t& bao di qua mang dén phia catot dan dén hon hop khi-ldng (hydro va nuwéc) &
dau ra cha phia cat6t cia ngan xép. Mot nira andt cla té bao chay & dp suat thap hon
nlra catdt cla t& bao. Ap suat chénh léch két qua gitra nira t& bao andt va catdt 1a dong
lyc cho sy thdm thau hydro trén mang. Ngoai sy thdm thau cda hydro, nwdc va oxy
hoa tan va hydro cé thé dugc van chuyén qua mang bang cach déi lwu tir cuc duong
dén cwc 4m do théng lwvgng proton cla dién phan, mot hién twong thuwong duoc goi la
lyc can thdm thiu dién. Lyc cdn thdm th3u dién thay ddi theo hda hoc cha vét liéu PEM
va rat quan trong vi né anh hudng dén viéc quan ly nudc cta hé théng dién phan nuéc
PEM.

A circulation pump feeds water to the anodic side of the cell stack. This water removes heat from the
electrolysis cell stack and maintains the stack temperature and liquid level. Part of the deionized water
is oxidized into gaseous oxygen at the anodic side of the cell stack, resulting in a gas-liquid mixture
(oxygen and water) at the outlet of the stack. Because of the electric field, protons (hydrogen ions)
generated at the anodic side of the cell stack migrate across the PEM to the cathodic side where they

No. AIGAVN-SA-007 https://aigavn.com.vn Rev. 00

Page 25 of 60

Date: Nov 15, 2024


https://aigavn.com.vn/

An todn sén xudt va chiét nap Hydro / Safety in production and filling of Hydrogen

combine with electrons from the external circuit to form hydrogen gas. Due to the electro-osmotic
effect, water from the anodic side of the cell stack passes through the membrane to the cathodic side
resulting in a gas-liquid mixture (hydrogen and water) at the outlet of the cathodic side of the stack.
The anodic half of the cell runs at a lower pressure than the cathodic half of the cell. The resulting
differential pressure between the anodic and cathodic cell halves is a driving force for hydrogen
permeation across the membrane. In addition to the permeation of the hydrogen, water and dissolved
oxygen and hydrogen can be transported through the membrane by convection from the anode to the
cathode due to the electrolysis’ proton flux, a phenomenon commonly referred to as electro-osmotic
drag. Electro-osmotic drag varies with the chemistry of the PEM material and is important since it
impacts water management of a PEM water electrolysis system.

Vi s tham thau chéo nay, hydro va oxy duoc tao ra & ca hai phia cla dién cuwc tham
qua mang va sau dé tron vao ngin dién cuc dém tuong (ng. Diéu nay dan dén 6 nhiém
chéo oxy va hydro.

With this cross-permeation, hydrogen and oxygen produced at both sides of the electrode permeate
through the membrane and then mix in the respective counter electrode compartment. This results in
cross- contamination of the oxygen and hydrogen.

Théng thuwdng, nhiét d6 hoat ddng danh nghia cda hé théng may dién phan nuwéc PEM
tir 50 ° C dén 80°C (120 °F va 180 °F), va cac san pham hydro va oxy dang khi b3o hoa
nwdc va mang theo mét lvong nhé chat 1dng bi cudn vao. Nwdc bi cudn vao dugec loai
b khdi hydro trong thiét bj tach khi-ldong hydro va khoi oxy trong thiét bi tach khi-1dng
oxy. Cac dong nuéc 1dng thu duoc duoc tron tredce khi dugc tudn hoan dén bd phan
loc nwdc cap dé tai st dung trong ngan x&p té bao. DEé tranh ndng dd chat gy 6 nhiém
nguy hiém, cac nha san xuat thuwdng gidi han ty 18 quay vong tir 5% dén 40% tai trong
thiét ké.

Typically, the nominal operating temperature of PEM water electrolyzes systems between 50 °C and
80°C(120 °F and 180 °F), and the gaseous hydrogen and oxygen products are water-saturated and carry
a small amount of entrained liquid. Entrained water is removed from the hydrogen in the hydrogen gas-
liquid separator, and from the oxygen in the oxygen gas-liquid separator. The resulting liquid water
streams are mixed before being recirculated to the feed water purification unit for reuse in the cell
stack. To avoid hazardous contaminant concentrations, manufacturers typically limit turndown to
between 5% to 40% of design load.

Nudc tir hai thiét bi phan tach khi-ldong chira khi hoa tan (hydro & phia cuc am, oxy &
phia cuc dwong). Khi hai dong nudc duoc két hgp va tuan hoan dén phia anét cla té
bao dién phan, va tir d6 qua mang dén phia catét clia té bao, si 6 nhiém chéo cla hai
thanh phan khi xay ra. Diéu nay |a ngoai s thdm thau chéo duoc thdo luan & trén. Do
d6, cac dong khi roi khdi dai phan cach bi 6 nhiém, sdn pham hydro chira mot lwong
nho oxy va oxy san pham phu chira mét lwgng nhé hydro.

The water from the two gas-liquid separators contains dissolved gases (hydrogen in the cathode side,
oxygen in the anode side). When the two water streams are combined and recirculated to the anodic
side of the electrolyzer cell, and from there through the membrane to the cathodic side of the cell, cross-
contamination of the two gaseous constituents occurs. This is in addition to the cross-permeation
discussed above. Therefore, the gas streams leaving the separators are contaminated, the product

hydrogen containing a small amount of oxygen and the byproduct oxygen containing a small amount
of hydrogen.
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Sau khi tach khi-ldng, bat ky oxy duw nao cling duoc loai bé khoi khi hydro thé trong chat
khir oxy. Chat khir oxy 13 mot 10 phan &ng tang cé dinh, trong d6 oxy du phan &ng vai
hydro san pham qua chat xuc tac dé tao thanh nudec.

After gas-liquid separation, any residual oxygen is removed from the raw hydrogen gas in a deoxidizer.
A deoxidizer is a fixed-bed reactor in which the residual oxygen reacts with product hydrogen over a
catalyst to form water.

Nudc hinh thanh trong chat khir oxy dwoc loai bd trong hé théng sdy khi. Budc dau
tién trong qua trinh sy khi [a lam lanh dong hoi dé ngung tu va tach bat ky nwdc long
nao hinh thanh. Budc thi hai thuong [a mét don vi hdp phu xoay nhiét dd bao gém hai
hodc nhiéu |&p chat hap phu. Khi chdy qua mét hodc nhiéu givdng, moi givdng duoc
tai sinh dinh ky bang cach tang nhiét do cla givdng dé loai bé nwdc hap phu. Chat khir
oxy va may say duoc thiét ké dé dat duoc mirc tap chat oxy va nwdc can thiét (thudng
dudi 5 ppmv oxy tir chat khir oxy va dudi 5 ppmv nwdc tir may say). Mdrc dé tap chat
oxy va nwdc duwoc theo ddi tai dau ra ciia may sdy gas. Sau khi sdy khd, hydro duoc gl
dén tinh ché& thém néu can va sau d6 vao tiéu dé sdn pham hoic luu trir. Néu can thiét,
san pham hydro cé thé dwoc nén.

The water formed in the deoxidizer is removed in the gas drying system. The first step in gas drying is
to chill the vapor stream to condense and separate any liquid water formed. The second step is typically
a temperature swing adsorption unit consisting of two or more beds of adsorbent. Gas flows through
one or more beds, each of which is periodically regenerated by increasing the temperature of the bed
to drive off the adsorbed water. The deoxidizer and dryer are designed to achieve the required level of
oxygen and water impurities (typically less than 5 ppmv oxygen from the deoxidizer and less than 5
ppmv water from the dryer). Oxygen and water impurity levels are monitored at the outlet of the gas
dryer. After drying, the hydrogen is sent to further purification if required and then into the product
header or storage. If necessary, the hydrogen product may be compressed.

4.2.2 Quy trinh san xuat khi H2 (tir METHANOL):

H2 gas production process (from Methanol):

Nguyén liéu nguyén thé, methanol va nudc ion hda, dwgc cdp vao mot binh phan ng
théng qua mot bom cép vdi dang mang & mot luu lvgng cd dinh. Methanol va nuéc
dugc chuyén d6i thanh hydrogen va carbon dioxide vdi sy hién dién cla chat xic tac &
nhiét do twr 250 - 280°C theo cac cong thirc sau
Raw materials, methanol and deionized water are fed into a reactor by a diaphragm feed pump at
constant flow rate. Methanol and water are reform ed into Hydrogen and carbon dioxide with catalyst
at 250 - 280'C with following formula
a. Taitao hoi methanol (CH30H + H20 + Nhiét <> CO2 + 3H2)
Methanol steam reforming (CH30H + H20 + Heat <> CO2 + 3H2)
b. Phan hdy methanol (cracking) (CH30H <> CO + 2H2)
Methanol decomposition (cracking) (CH30H <> CO + 2H2); and
c. Phan &rng chuyén hda khi nudc (CO + H20 <> CO2 + H2)/
Water gas shift (CO + H20 <> C0O2 + H2).
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Nhiét can thiét cho qua trinh héa hoi hda chat 16ng hon hop va phan ¢ng tai tao duoc
cung cap bdi mot b d6t nhién liéu. BO dét nhién liéu nay dugc cdp nhién liéu tir cac
khi thai thu dwogc tir qua trinh PSA (khi thai PSA), va nhién liéu con lai dwoc cung cap
bé&i nhién liéu phu (make-up fuel), thwdng la methanol hodc khi hda 16ng. Khi can thiét,
nhiét du thira dwoc thu hdi trong qué trinh. Cac phuong phdp chinh dé thu héi nhiét
tlr bd dot nhién liéu 1a hodc la swdi 8m mot dong dau tuan hoan dé cung cdp nhiét cho
binh phan (rng, hodc s dung khi thai tir bd d6t nhién liéu truc ti€p dé cung cap nhiét
cho binh phan &rng. M6t biéu d6 khdi biéu thi qua trinh crack methanol dugc sudi dm
bang dau néng duoc thé hién trong Hinh 1.

The heat required for the vaporization of the mixed liquid feed and the reforming reaction is provided
by a fired heater. The fired heater is fueled by recovered waste gases from the PSA (PSA tail gas), with
the remainder of heat required provided by make-up fuel, typically methanol or liquefied petroleum
gas. As practical, the excess heat is recovered in the process. The primary methods of heat recovery
from the fired heater are to either heat a circulating oil stream that provides the heat for the reactor,

or to utilize the fired heater flue gases to provide the heat for the reactor directly. A block diagram
representing the hot oil heated methanol cracking process is given in Figure 1.

Khi dét [ B tao Reformerr |

Combustion gas

Nguyén liéu
Feed CH4 ;
Hai nudc

Steam

Qua trinh loc
Purification process

| Qua trinh
loc

| Purification
process

HTS LTS ]
Methanol |
~400°C ~200°C :
Fe-Cr (Chat xac tac)  Cu-Zn (Chat xdc tac) S L
Fe-Cr catalyst Cu-Zn catalyst
CAITAO LOAI BO CO
REFORMING CO REMOVAL Nuic Water

Khong khi Air feed
Nhién liéu Fuel

Hinh 1: Qua trinh cacking Methanol bang cach dun néng bang dau néng
Figure 1—Hot oil heated methanol cracking process

Hé théng bon gia nhiét va dwong dng dan dau gia nhiét [am viéc & nhiét do cao (>250d6
C) nguy co gay bong khi va cham, van hanh thiét bi hodc tiép xuc véi dau gia nhiét &
nhiét do cao khi dau bj ro ri, ving ban
Thermal oil tanks and heat transfer oil pipelines operating at high temperatures (> 250°C) pose risks of
burns upon collision, equipment operation, or contact with high-temperature oil in case of leakage or
splashing.
Trong qua trinh van hanh thiét bi han ché cac hoat déng phat sinh tia Ira, dung cu tao
tia Ira, st dung cac thiét bj chuyén dung bang ddng khi thao tac

During equipment operation, activities generating sparks should be restricted, and copper tools should
be used when handling.
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4.2.3 An toan vdn hanh
Operational Safety
4.2.3.1 Cac bién phap bao vé va thuc hanh an toan/Safequards and practices

— Tuén thd quy trinh van hanh
Follow up with Operating procedure.
—  Tuén thd Gidy phép lam viéc néu duoc dp dung
Follow Permit To Work where every applicable
— Duy tri thue hanh vé sing céng nghiép tét
Maintain good housekeeping practices
— Gon gang, bién bao an toan, voi tam khan cap, lan can v.v.
Tidy, safety signs, safety showers, handrails etc
— Binh chita chay — Quy dinh cla dia phuong
Fire extinguishers / points - Local regulations
— Théng gid tét cho toan bé khu vire nha mdy: Nguy co ngat thé
Ventilate well all the areas of plant: Asphyxiation hazards
— Loai b6 tat ca cac ngudn gdy chdy: Nguy co chdy né
Remove all sources of ignition: Explosion hazards
— Chi st dung cac dung cu khong phat ra tia I&ra
Use only non-sparking tools
— Khéng dét Iira, hat thuéec, v.v.
No open flames, smoking etc
— Ludn th6i hé théng bang nito trwdc khi thue hién cong viéc bao tri: S dung hé
théng khda va thé an toan (LOTO) thich hop

Always purge the system with nitrogen before performing maintenance works: Use proper
Lockout & Tag out system (LOTO)

— Tuan theo quy trinh Quan ly sy Thay d6i (MOC) néu ap dung
Follow Management Of Change (MOC) where applicable

— Maéc quan do chdng chdy va chéng tinh dién duwgc phé duyét trén cdc nha may
Hydro

Approved fire retardant and anti-static clothing must be worn on Hydrogen plants. Clothing must
also be long Sleeved.

— K& hoach &rng phd khan cap

Emergency respond plan

4.2.3.2 Thiét bj an toan / Safety Device
— Céac thiét bj an toan sau day thuong duoc |ap dat trong nha mdy hydro dé bao vé nha
mady, thiét bj va con nguoi

The following safety devices are generally installed in a hydrogen plant to protect plant, equipment
and people

e Hé théng chdng sét dé bao vé khdi sét dénh
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Lightning protection system, to protect from lightning strikes

e Van an toan dé bao vé khéi 4p luc qua mirc
Safety valves to protect from over pressure

e Thiét bj gidm sat ngon Ira dé phat hién chdy hodc ngon Ira trong nha may
Flame monitors to detect fire or flames in the plant

e May do khi dwa ra canh bao trudc vé hdn hop khi cé thé gay né
Gas detectors give advance warning of possible explosive gas mixtures

— Dau do bao khai trong phong diéu khién
Smoke Detectors in Control room

e Dua ra canh bao trwdc vé dam chdy nho bat dau trong phong diéu khién
Give advance warning of small fire initiating in the control room.

— Hé thdng chéng sét va tiép dia
Lightning & earthing protection system
Lap dat hé théng chdng sét trén cac cong trinh, tdoa nha
Lightning protection system installations on structures and buildings:
o Ongkhéi/ Flue Gas Stack
e Gid d& thang éng, cap / Pipe and cable ladder rack
e Lo phan &ng / Reformer building
e Toa nha dién & thiét bi diéu khién / Electrical & Instrument Building
o Thiét bj trao d6i nhiét / Heat Exchanger structure

— Thiét bj theo ddi ngon Itra
Flame Monitors
Puoc st dung dé phat hién dam chay hodc ngon Itra
Used to detect fire or flames.

e (6 kha nang phat hién ngon Ira tir khodng cach t6i thiéu 4,6m
Capable of detecting flames from at least 4.6m

e Khong dé bj bdo dong sai tir mat trdi, ngudn sang va cac tia sang nén
Should not be susceptible to false alarms from the sun, lighting sources and background flare
stacks

e Thong thuong duoc 1ap dat tai
Normally installed at:
o Khu vuc PSA / PSA unit
o May nén hydro / Hydrogen compressor
o Tram nap xe moadc / Trailer filling station
o Khuvuc lwu trir / Storage area

e Né&u phat hién bat ky ddm chdy hodc ngon Ilra nao - nha may s& dirng hoat dong
If any fire or flame is detected - plant will trip
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— May do khi

Gas Detectors

Dung dé phat hién sy cé mat cia hdn hop khi né/
Used to detect the presence of explosive gas mixtures.

Thuong duoc |3p dat tai / Usually installed at:

o

o

o

Khu vuc PSA / PSA unit

Khu virc mdy nén khi hydro hoac may nén khi
Hydrogen compressor or Compressor area

Bé& chira va may bom Naphtha hodc LPG
Naphtha or LPG storage tanks and pumps

Tram nap xe mooc / Trailer filling station

Lo phan &ng/ Reactors

Khu vwe chtra nhién liéu / Fuel skids

N&u phéat hién hdn hop khi dé nd sé& c6 canh bdo ban dau vé mirc LEL cao
If an explosive gas mixture is detected, there will be an initial warning for high level LEL

Khi khéng khi xung quanh dat dén mirc LEL cao, nha may s& ngirng hoat dong
When the surrounding atmosphere reaches a high LEL level, the plant will trip

4.2.3.3 Loai b khong khi dé chay hodc nd
Removing Flammable or Explosive Atmospheres

— Khitro (vi du Nite) dugc si dung lam tro méi trwdng, viéc nay can phai kiém tra khi dé
kiém tra cac chat dé chay trong qud trinh lam sach. Thiét bj hodc duéng ng phai dwoc
lam sach bang nito cho dén khi khdng khi con lai bang hodc dwdi 10% gidi han nd dudi
(LEL) sau day:

Inert gas (ex-Nitrogen) is used as the purging medium for this, and a gas test is required to check for

combustibles during the purge. The equipment or pipe work must be purged with nitrogen until the
atmosphere remaining is at, or below 10% of the following lower explosive limits (LELs):

Hydrogen (H2) 4.1 % mol. (<0.4 %mol)
Methane (CH4) 5.3 % mol. (<0.53 %mol)
Carbon Monoxide (CO) 12.5 % mol. (<1.25 %mol)

Khi ddu mo héa 1éng (LPG) 2.0 % mol. (<0.2 %mol)
Liquified Petroleum Gas (LPG)

Khi ty nhién (NG) 7.0 % mol. (<0.7%mol)
Natural Gas (NG)

4.2.4 An toan bd sung cho Hydro 1dng

Additional safety for Liquid Hydrogen
— Hydro 1dng c6 m3 UN la 1966
Liquid hydrogen has the UN number 1966.
— Hydro |a chat khi cé mat d6 thap nhat
trong tat ca cac loai khi. & nhiét d6 va
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ap suat tiéu chudn, mat do cda khi hydro bang 1/14 mat dé cta khong khi. Do mat do
thap, khi hydro sé bay |én va khuéch tdn nhanh chéng trong khéng khi. Do d6 hydro cé
thé tich tu trong khéng gian mai cia cac toa nha. Hydro cé thé khuéch tdn nhanh chdng
qua mot s vat liéu x8p hodc hé théng ¢ 16 nhd thuwdng kin khi so véi khong khi
Hydrogen is the least dense of all gases. At standard temperature and pressure, the density of
gaseous hydrogen is one fourteenth that of air. Due to its low density, gaseous hydrogen will rise and
diffuse rapidly in the air. Hydrogen can therefore collect in the roof spaces of buildings. Hydrogen can

diffuse rapidly through certain porous materials or systems with small openings that would normally
be gastight compared to air.

Dac tinh hda hoc clia Hydro 1dng:

Liquid Hydrogen properties

e Hydro long khdng mau va khdng mui. Mat d6 cia né la mét phan mudi bén cla
nuwdc. Hydro 1ong cuc ky lanh - va ngoai trir helium - cé nhiét d6 sdi thap nhat trong
tat ca céc loai khi (-252.8 d6 C).
Liquid hydrogen is colourless and odourless. Its density is one fourteenth that of water. Liquid
hydrogen is extremely cold -and except for helium- has the lowest boiling point of all gases.

e Hydro bao gébm ortho-hydro va para-hydro. Nhitrng dang nay c6 su khéc biét vé tinh
chat vat Iy nhung khong cé tinh chat héa hoc. O nhiét dé hydro 1dng ortho-hydro
cé xu huéng chuyén thanh para-hydro. Sy chuyén déi nay giai phdng nhiét khuyén
khich su bay hoi. Tuy nhién, hydro 1dng thwong mai ch yéu bao gébm para-hydro.
Hydrogen consists of ortho-hydrogen and para-hydrogen. These forms have differences in physical
but not in chemical properties. At the temperature of liquid hydrogen ortho-hydrogen tends to

convert into para-hydrogen. This conversion liberates heat that encourages evaporation. However,
commercial liquid hydrogen mainly consists of para-hydrogen.

e Hydro Iédng va khi "s6i" lanh, thodt ra tir chat 1&dng, cd thé gdy bong nang (twong tw
nhu bong nhiét) khi ti€p xtc véi da. Cdc mé mdng manh, chang han nhu mat, cé thé
bi t&n thuong khi ti€p xtc véi khi lanh hodc chat 16ng ban tung tde trong mot khoang
thoi gian ngan, thong thudng s& qua ngan dé anh hwdng dén da tay hodc mat. Su
tiép xuc gitra cac bd phan khdng dugc bao vé cla co thé véi dudng dng khdng dugc
cach nhiét hodc cac binh chira hydro 16ng cé thé khién thit dinh va rach.

Liquid hydrogen and the cold "boil off' gas, evolving from the liquid, can produce severe burns
(similar to thermal burns) upon contact with skin. Delicate tissue, such as those of the eyes can be
injured by exposure to the cold gas or splashed liquid in a brief period of time, that would normally
be too short to affect the skin of the hands or face. Contact between unprotected parts of the body
with uninsulated piping or vessels containing liquid hydrogen can cause the flesh to stick and tear.

e Hydro I6ng va khi “ngudi cé thé khién nhiéu vat liéu théng thwdng nhu thép cacbon,
nhwa hodc cao su tré nén gion va dé bj gay khi chju &ng suat. /
Liquid hydrogen and cold "boil off' gas can cause many common materials such as carbon steel,
plastic or rubber to become brittle and prone to fracture under stress.

e O nhiét do cta hydro 1dng, tat ca cac loai khi, ngoai trir helium, ngung tu va sau do
déng dac lai. Cac hat rdn nhu vay cé thé [am tac nghén cac khu vuc han ché nhu
van va 16, diéu nay cé thé dan dén hdng hdc, dong chay va/hodc ting ap suat. Hon
nita, khéng khi ngung tu hodc ddng dic trong hydro l6ng cé nguy co nd tiém an.
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At the temperature of liquid hydrogen all gases, except helium, condense and then solidify. Such
solid particles can plug restricted areas such as valves and orifices, which could lead to a failure of
flow and/or pressure increase. Furthermore, condensed or solidified air in liquid hydrogen is a
potential explosion hazard.

Hydro 16ng cé nhiét héa hoi rat thap (lién quan dén thé tich). Do d6, mét luvong
nhiét nho dua vao chang han nhu dwa chat ran hodc chat 1dng vao & nhiét do phong
s& tao ra sy bién d6i manh cla chat khi va su ban tung tée cla chat long.

Liquid hydrogen has a very low heat of vaporisation (related to a volume basis). Therefore, a small

heat input for example inserting solids or liquids at room temperature will create a violent evolution
of gas and splashing of liquid.

Hydro l6ng dwng trong cac thung chira va duwdng 6ng cach nhiét kém hodc khéng
cach nhiét s& hoa 1dng khdng khi xung quanh. Do diém s6i khac nhau nén khéng khi
ngung tu chira nito va oxy rat giau oxy va cé thé gay nguy co hda hoan.

Liquid hydrogen in poorly insulated or uninsulated containers and piping will liquefy the

surrounding air. Due to the different boiling points of nitrogen and oxygen condensed air is oxygen-
enriched and can cause a fire risk.

Hydro 1dng tran vao khi quyén sé bay hoi nhanh chéng. Mét lit hydro 1dng tao ra
khodng 850 lit hydro khi & diéu kién méi truong xung quanh.

Liquid hydrogen, spilled to the atmosphere evaporates rapidly. One litre of liquid hydrogen gives
approximately 850 litres of gaseous hydrogen at ambient conditions.

Hydro séi & trang thai ngudi dam dac hon khéng khi mot chit va cd thé tich tu trong
cac hé va rinh trong thoi gian ngan tuy thudc vao nhiét d6 va sé lugng. Sau do
hydro bay |én va khuéch tan nhanh chéng.

Cold boil-off hydrogen is a little denser than air and may accumulate in pits and trenches, for short
periods depending on temperature and quantity. After that hydrogen rises and diffuses rapidly.

Hydro s6i ngudi lam ngung tu hoi 4m trong khong khi, do d6 tao ra swong mu dé

nhin thay.
Cold boil-off hydrogen condenses the moisture in the air, thus creating a highly visible fog.

4.2.5 Quy trinh &rng pho sy ¢d trong san xuat H2:

Incident response procedure in H2 production:
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Nha mdy sdn xuat H2 phai xay dwng “K& hoach (rng phé khan cép tai nha may”, ké hoach
nay phai duwoc xay dung va phai bao gdbm t6i thiéu cac yéu t6 sau:

The H2 production plant shall develop a “Factory Emergency Response Plan”, which must be developed and
must include at least the following elements:

— Giao thitc thong bao bdo ddng toan nha may véi hanh dong bat budc d6i véi nhan vién
tai cong truong.
Plant-wide alarm notification protocol with required action by site employees.

— Quy trinh &ng phd va kiém soat khan cap.
Emergency response and control procedures.

— Quy trinh dirng hoat déng khan cap.
Procedures for emergency shutdown of operations.

— Théng tin lién lac khan cap bén trong va bén ngoai (lwc lvgng trng cliru so clru, xe cliru
thuong, s& ciru hoa, cdnh sat, nhém &ng phd vat liéu nguy hiém, khach hang va cac co
so lan can);

Internal and external emergency contact information (first aid responders, ambulance, fire department,
police, hazardous materials response team, customers, and neighboring facilities);

— Yé&u ciu théng bdo cla co quan quan ly va thdm quyén cé tham quyén.
Required jurisdictional authority and regulating agency notification requirements.

Mot sd tinh hudng khan cap phd bién nhat can dwoc giai quyét la:
Some of the most common emergency scenarios that should be addressed are:

Hda hoan/ Fire
Cé'p ctuy té/ medical emergency
Tran héa chat/ chemical spill

RO ri khi cé déc tinh hodc kha nang phat né/gidi phéng ndng lvong khdng kiém sodt
Gaseous release with toxicity or ignition/uncontrolled energy release potential

M@&i de doa an ninh/ security threat
Tinh trang khan cap vé thoi ti€t/ weather emergency

Mat dién, déng dat/ power outage, earthquake

Nhan vién va nha thau lam viéc tai nha mdy phai duoc dao tao vé ké hoach (rng pho khan cap
cla cong truong. Khuyén khich t8 chirc dién tap ng phé khan cap dinh ky véi lwc lvgng tng
ctru dau tién.

Employees and contractors working on the site shall be trained in the site’s emergency response plan. Periodic
emergency response drills with first responders are recommended.
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Nguy co chia san pham va thudc thir
Product and reagent hazards:
— T4t ca nhan vién phai c6 nhan thirc dung dan vé méi nguy hiém, bao gdm hiéu rd vai cac
bang dit liéu an toan (SDS) d6i véi Hydro, nguyén liéu dau vao, nhién liéu, chat dién phan,
Oxy va héa chat x{r ly nudc cé trong nha may.

All personnel should have proper hazard awareness, including familiarity with safety data sheets (SDS) for
hydrogen, feedstock, fuel, electrolyte, oxygen, and water treatment chemicals present in the plant

— M6t nha mdy san xuat Hydro dua trén nhiét thuong st dung nhiéu loai khi hydrocarbon
nhe hodc chat Idng lam nguyén liéu dau vao. Cac loai khi hodc chat 1dng khéng mau nay ¢
thé dé chay va/hodc doc hai. Ngoai ra, cdc chat xuc tac va cac vat lieu khac (vi du: hda chat
x& ly nuéce, dau bdi tron) dwoce sir dung trong nha may cé kha ndng gay nguy hiém.

A thermal-based hydrogen production plant typically utilizes a variety of light hydrocarbon gases or liquids
as feedstock. These colorless gases or liquids can be flammable and/or toxic. In addition, the catalysts and

other materials (e.g., water treatment chemicals, lubricating oil) used in the plant are potentially hazardous.
— San xuat Hydro dwa trén dién phan cé thé sir dung chat 1d6ng an mon cho chat dién phan
(quy trinh kiém) va tao ra khi Hydro va oxy. Viéc san xuat kép Hydro va Oxy gay ra mdi nguy
hiém vé phan (rng. Céc tinh chat chinh (vi du: LFL va ddc tinh) cha mot s6 hda chat phd bién
hon duoc tim thay trong cac don vi sdn xuat Hydro (chi yéu la nguyén liéu dau vao va san
pham).
Hydrogen production based on electrolysis can use a corrosive liquid for electrolytes (alkaline process) and
produces hydrogen and oxygen gas. The dual production of hydrogen and oxygen presents a reactivity

hazard. Key properties (e.g., LFL and toxicity) of some of the more common chemicals found in hydrogen
production units

4.2.6 Chwong trinh dao tao an toan san xuit H2 cho nhan vién sdn xuat (Pién phan & Methanol)
Training for H2 production staffs
— Nhan vién san xuat phai dugc dao tao vé an toan H2: hiéu duoc tinh chat vat ly va héa
hoc co ban, biét dwoc cac nguy hiém lién quan dén H2 tir d6 biét cidch x{ ly khi cé tinh
hudng xay ra/

Production staff must be trained on H2 safety: understand basic physical and chemical properties,
know the dangers related to H2 and know how to handle when a situation occurs

— Cac nguy co hydro long (twong tu nhu khi long, dam may mu trong trwong hop bi tran,
héa l1dng khong khi)
Liquid hydrogen hazards (same as gas plus frostbite, cryogenic H2 enriched cloud in case of spillage,
air liquefaction)

— Céac bién phap phong nglra giam thiéu rdi ro va an toan

Risk mitigation and safety precautions
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4.3 Chiét nap khi H2 vao chai/ Filling Hydrogen into cylinder:

4.3.1 Cac
Req

yéu cau déi véi chai khi H2

uirements for H2 gas cylinders

— Loai chai khi twong thich va&i kha nang chira H2
Compatible: gas cylinder type with H2 capacity

Chai khi H2 phai dwoc ché tao bang vat liéu tuong thich véi H2, dé ngan ngtra rdi ro khi
H2 xam nhap vao vat liéu lam gidm tinh chat co hoc cta vat liéu tao cha chai. Vi vay,
truwdce khi nap khi H2 vao chai can kiém tra loai chai khi. Bing mat thuong, cé thé kiém
tra chit “H” hodc “H2” dwgc dap ndi trén than chai. Viéc kiém tra chai phu hop chira H2
cling c6 thé tham chiéu tir ho so cha nha sdn xuat, kiém dinh.

H2 gas cylinders must be made of materials compatible with H2, to prevent the risk of H2 gas entering
the material and reducing the mechanical properties of the cylinder's materials. Therefore, before filling
H2 gas into the cylinder, need to check the type of gas cylinder. With the eye check, you can check the
letter "H" or "H2" embossed on the cylinder body. Checking the appropriate cylinder containing H2 can
also be referred to from the manufacturers and inspection records.

— Chai khi H2 can phai c6 tem mac

H2 gas cylinders need to have a label

Chai can dwoc thé hién chia loai khi H2 dé dé nhan dang, tranh nham |an véi cac loai
chai khi khac. Cé thé nhan dang loai khi théng qua viéc kiém tra tem treo, son tén/loai
khi trén chai, hodac son mau ky hiéu

The cylinder must be shown to contain H2 gas for easy identification, avoiding confusion with other

types of gas cylinders. The type of gas can be identified by checking the hanging label, painting the
name/gas type on the cylinder, or painting the symbol color

— Chai phai dwoc kiém dinh va con han

The

cylinder must be inspected and still valid

V6 chai khi H2 thudc loai chai chira khi cdng nghiép cé ap luc va thudc déi twong kiém
dinh theo quy dinh phap luat hién hanh cta Viét nam. Thoi han kiém dinh tir 1-5 ndm
thy thudc vao thoi gian si dung chai khi (chai méi s&t dung hay d3 s& dung dwgc mot
thoi gian dai). Chi tiét tham khdo quy dinh 17/2021/TT-BLDTBXH. V& ngoai quan, han
kiém dinh dwgc dap ndi trén vé chai dé nhan biét.

The H2 gas cylinder is a type of cylinder containing pressurized industrial gas and is subject to inspection
according to current Vietnamese law. The inspection period is from 1-5 years depending on the time of
use of the gas cylinder (newly used cylinder or used for a long time). For details, refer to regulation
17/2021/TT-BLDTBXH. Regarding appearance, the inspection date is embossed on the cylinder for
identification.

— Chai H2 phai c6 nap bao vé van

The

H2 cylinder must have a valve protection cap
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Nap chai cé tac dung bao vé van tranh va dap lam huw hong van. Ngoai ra, ndp bao vé
con ¢d tac dung ngan ngira khi trong chai cé thé bj thoat ra tao nén nhirng su c6 khdng
thé ludng trudc.
The cylinder cap protects the valve from impact and damage to the valve. In addition, the protective cap
also helps prevent gas in the cylinder from escaping, causing unforeseeable incidents.
— Van chai phu hgp v&i viéc nap khi H2
The cylinder valve is suitable for H2 gas filling

Van chai khi H2 théng thudng cé ren nguwoc dé phan biét vdi chai khi khac. Viéc kiém
tra yéu td nay cling la can thiét trwdc khi nap khi H2

H2 gas cylinder valves usually have reverse threads to distinguish them from other gas cylinders.
Checking this factor is also necessary before filling with H2 gas

4.3.2 Quy trinh chiét nap chai khi H2
Process of filling H2 gas cylinders

4.3.2.1 Kiém tra chai, nhdm chai du diéu kién trudc khi nap
Check qualified cylinders and bundles before filling:

Nguwdi nap kiém tra bang ngoai quan chai xem cé diéu gi bat thudong hay khdng, néu cé
thi bdo cdo cho ngudi cé lién quan trudce khi tién hanh nap (ndi dung kiém tra xem muc
trén: “Cdc yéu céu déi vdi chai khi H2”.

The filling staff should check the appearance of the cylinder to see if there is anything unusual. If so, report

it to the relevant person before proceeding with the filling process (check the content in the section above:
"Requirements for H2 gas cylinders."

4.3.2.2 Kiém tra 4p suat khi dw
Check residual air pressure

— N&u con khi du va chac chan khi dw d6 13 H2 thi ngudi van hanh cé thé néi chai khi vao
gian nap va ti€n hanh nap.
If there is residual gas and it is certain that the residual gas is H2, the operator can connect the gas cylinder
to the filling rig and proceed with charging.
— Luwuy/ Note:
e N&u la chai roi thi can chang xich vao gia gilt chai dé tranh chai d6 trong qua trinh
nap.
If it is a separate cylinder, it needs to be chained to the cylinder holder to prevent the cylinder from
falling during the filling process.
e Ca-lé, md-16t dé sir dung trong viéc két ndi va thao voi H2 phai lam bang dong dé gidm
thiéu viéc phat ra tia lra dién d& han ché& chay né c6 thé xay ra khi thdo 1ap.
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Wrenches and wrenches used in connecting and removing H2 faucets must be made of copper to
minimize the generation of electric sparks and limit fires and explosions that may occur during
disassembly and installation.

e N&u con khi duw ma khéng chac chdn d6 1a H2 hodc d3 hét khi duw bén trong chai (hoac
nhém chai) can théng thdi khi trong chai bang khi tro (thwong dung N2) va lam sach
sau do trudce khi nap lai H2
If there is residual gas but it is not certain that it is H2 or is no residual gas inside the cylinder (or

bundles), it is necessary to purge the gas in the cylinder with inert gas (usually N2) and clean afterward
before refilling H2.

4.3.2.3 Nap chai hoac nhém chai
Filling cylinders or bundles

— Truwdc khi nap can xac nhan ngudn cap khi H2 (c6 dd dé nap hay khéng, dp suat clia ngudn
cap H2 1a bao nhiéu, v.v.). PAm bdo rang ngudn cap khi H2 trong toan bé qua trinh nap
khéng vuot qua ap suat ngudng cta gian nap, chai khi (vi du: khédng vuot qua 120 bar)./
Before filling, it is necessary to confirm the H2 gas supply (whether there is enough to charge, what is the
pressure of the H2 supply, etc.). Ensure that the H2 gas supply during the entire filling process does not
exceed the threshold pressure of the filling system or gas cylinder (for example, does not exceed 120 bar).

— Céc chai, bundle dwgc ndi vao gian nap, thdong théi dan nap 3 1an & dp suat 5 bar dé dam

bdo trong gian nap khéng con khéng khi. Chi y 1a m& céc van cap H2 tir tir dé tranh chdy
nd (do chénh léch ap suat Ién dan d&n ma sat & nhiét phat sinh trong qua trinh nap).
The cylinders and bundles are connected to the loading platform and the loading platform is purged 3
times at a pressure of 5 bars to ensure there is no air left in the loading platform. Be careful to open the
H2 supply valves slowly to avoid explosion (due to the large pressure difference leading to friction & heat
generated during the charging process).

— Trong qua trinh nap can kiém tra ro ri H2. Thyuc té&, cd thé dung nwdc xa phong hodc may
dd H2. Ngudi nap phai kiém tra rd cdc mdi ndi gitra chai khi va gian manifold, gitta van
chai khi véi chai khi, cdc m6i han trén gian manifold... Néu ro dwgc phat hién thi phai
ngirng nap, xa ap dé x ly, Khi kiém tra ngudi kiém tra phai ghi day dd cac théng tin vao
phi€u ghi chép qua trinh nap hang ngay.

During the filling process, check for H2 leaks. In practice, soapy water or an H2 detector can be used. The
filler must check for leaks in the connections between the gas cylinder and the manifold rig, between the
gas cylinder valve and the gas cylinder, the welds on the manifold rig... If a leak is detected, the filling must

be stopped and the pressure released for treatment. When checking The inspector must write down all
information on the daily filling process record sheet.

4.3.2.4 Kiém tra bat thudong (nhiét do, ro n)
Check for abnormalities (temperature, leaks)
— Trong quad trinh nap phai kiém tra nhiét dd bang tay hodc bang may do nhiét do. Cac chai
khong néng |&én cé thé do van chai hay van nap khong mé& do d6 can phai cich ly dé kiém
tra sau.
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During the filling process, the temperature must be checked manually or with a temperature gauge.
Cylinders that do not heat up may be due to the cylinder valve or filling valve not opening, so they need to
be isolated for later inspection.

— Ké&t thiuc qua trinh nap chai hodc nhédm chai, sau khi cdc van da dwoc déng va xa khi du tir
gian nap, nguwdi nap phai kiém tra ro ri mot [an nira (bang nwdc xa phong, v.v.) dé kiém
tra, d@m bdo van va cdc méi ndi & c6 chai d3 kin. Ddi véi nhdm chai, can kiém tra ro kj
cho cdc méi ndi ren va cdc maéi han.

At the end of the cylinder or bundles filling process, after the valves have been closed and excess air
discharged from the filling rig, the filling staff must check for leaks again (with soapy water, etc.) to check
and ensure the valve and the joints at the cylinder neck are sealed. For bundles, it is necessary to carefully
check threaded joints and welded joints for leaks.

4.3.2.5 Kiém tra (1&y mau) phan tich tap chat theo yéu cau ctia sdn pham cudi cung
Check (sampling) and analyze impurities according to the requirements of the final product

4.3.3 Rui ro va bién phap phong ngira
Risks and precautions

Theo dac tinh khi H2 d&c diém chai khi &p suat cao, cac rdi ro bao gom:
According to H2 gas characteristics and high-pressure gas cylinder characteristics, risks include:

— Chay, n6, ap luc cao / Explosion, High-pressure
e KhiH2 c6 pham vi gidi han chay rat rong (4% - 74,5%), rat dé chdy & diéu kién nhiét do
binh thuwong va nhe hon khong khi. Do d6, ro ri khi H2, tich tu H2 trong khong gian kin
va nhiét sinh ra do ma sat dung cu trong qua trinh xa khi H2 la nhirng nguy co gay chay
né.
H2 gas has a very wide flammability limit range (4% - 74.5%), is very flammable under normal
temperature conditions and is lighter than air. Therefore, H2 gas leaks, H2 accumulation in closed

spaces and heat created by tool friction during the H2 gas discharge process are risks of causing fire
and explosion.

e Chai khi H2 thudc loai ap lwc cao. Van khong duwoc bao vé ma bi va cham, hu hdng,

hodc do 16i thao tdc ma van, voi bj ving ra dot ngdt dan dén ap luc xa manh. Hau qua
do vang ban chai, thiét bj cé rii ro gay chan thuong ngwdi lam viéc 1an can.
H2 gas cylinders are of high-pressure type. The valve is not protected but is impacted, damaged, or
due to operational errors, the valve or faucet is suddenly thrown out, resulting in strong discharge
pressure. The consequences of splashing bottles and equipment have the risk of injuring people
working nearby.

— Chan thwong do va cham vé&i chai / Injury due to collision with cylinder

e Cdac chan thuong trong qua trinh van chuyén, nap khi khi chai va cham vd&i nhau, va
cham vdi thiét bi xung quanh ciing cé kha nang xay ra.
Injuries during transportation and filling when cylinders collide with each other or with surrounding
equipment are also likely to occur.

e Cdc rdiro dién hinh va bién phap phong nglra duoc tap hop nhu trong bang duédi, dé

tham khao.
Typical risks and precautions are compiled in the table below, for reference.
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Bang: RUi ro & bién phap phong ngtra trong qua trinh nap chai H2

Table: Risks and precautions during H2 cylinder filling

Hanh ddng cdng viéc RaGi ro Chan thuong Kiém soat rui ro hién cé
Work/ tasks Hazard Possible Injuries Existing Risk Control
Chuan bj chai, bundle, .
‘ 5 vio kh . Chai bj do,
sap xép vao khu vuc x 2 1
Ngat, do, cha N . 9 ¢ . o
gian nap de chay B¢ o Y Chang budc chac chan khi di chuyén
. i The cylinder is | - Asphyxiation, Tie it securely when moving
Prepare  cylinders  and spilled, spillage, fire
bundles and arrange them
flammable
in the filling area
1- C& dinh xich chai, xiét chat 6ng
mém vao chai trudc khi mé van
D8 chai Fix the cylinder chain and tighten the
Puwa chai vao két ndi ! . hose to the cylinder before opening the
. bundle | Chanthuong
glan nap . Va/Ve
, , Falling co thé -5t d hao 140 bine da
Insert the cylinder into the ] S - SU’ dung cu thao lap bang dong.
o ) ) cylinders, Physical injury A I
filling rig connection (calé, mo lét)
bundles
Use copper disassembly tools. (wrench)
3- bao tao lai xe nang
Forklift driver training
1- S&r dung quan 4o BHLD dung
cach.
) , PN p , " Use protective clothing properly.
Xa khi du, trao doi lam |Ap cao, chdy| Chan thuong , P , gf) rf y
o . |2-Xa khi luu lvgng nho, tw twr
sach no tay, co thé

Exhaust excess air,
exchange cleaning

High pressure,
explosion

Hand and body
injuries

Release the air in a small volume, slowly
3- Thuwong xuyén kiém tra ro ri hé

théng 6ng

Regularly check the pipe system for

leaks

Nap khi dén ap suat
cao (165 bar)

Fill gasses to high pressure
(165 bar)

V& voi, vang
VOI
Broken hose,
splashed hose

Chan thuong,
tay, co thé,
chay n6
Hand and body
injuries, fire and
explosion

1- S&r dung cap chdng vang cho voi
nap
Use anti-splash cable for the filling hose
2- Thuong xuyén kiém tra chat
lwgng voi nap
Regularly check the quality of the filling
hose
3- Kiém tra tinh trang cac dau ren
két néi vao van
Check the condition of the threaded
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# | Hanh ddng cong viéc Rui ro Chan thuong Kiém soat rui ro hién cé
Work/ tasks Hazard Possible Injuries Existing Risk Control

ends connecting to the valve
4- Thay voi nap dinh ky 5 nam

Replace the intake hose every 5 years

1- Kiém tra déng ho dau gian xem
ap da vé "0" hay chua?

V& 6ng, | Chanthuong
Check the rig head meter to see if the

Dong van, xa ap gian

5 |close the valve and release _ Chay nol tay, co the pressure has reached "0" or not?
the system pressure Pipe burst, ﬁre Hanq f’”f’ body 1o s dung cu thdo I3p bang dong.
and explosion injuries o o
(calé, mo lét)
Use copper disassembly tools. (wrench)
1- Chang budc chidc chan chai trén
khung pallet.
. L o w Securely tie the cylinder on the pallet
Di chuyén chai dén khu Chan thuvong frame / / g
3 : D6 chai 3 o L : . 2
6 |V¥C bao quan , _ tay, co'the 2- biéu khién Forklift nhe nhang can
Move cylinder to storage  |Falling cylinder| Hand and body than
area injuries T

Control the Forklift gently and carefully
3- St dung xe day chai roi
Use a separate cylinder cart

4.3.4 Ung phé sw c6 khan cap
Emergency response

Su ¢d dién hinh vdi chai khi H2 1a ro ri & chdy. Do dé & muc nay ban vé cach déi rng khi cé

sw co nay.
Typical problems with H2 gas cylinders are leaks & fires. Therefore, in this section, discuss how to respond
when this incident occurs.

Péc tinh ro ri cta H2/ Leakage properties of H2

— Kich thudc phan tr nhd clia H2 lam tang kha nang ro ri cling khién H2 tidng cao va bi pha
lodng nhanh chéng, ddc biét [a & ngoai troi. Do do, dién tich dé chdy nhé va H2 phan tan
nhanh chdéng.

However, H2’s small molecule size, which increases the likelihood of a leak, also results in H2 rising and
becoming diluted quickly, especially outdoors. The area of flammability is thus small and the H2
disperses quickly.

— Trong trwdng hop ro ri H2 nhé & ngoai troi, nguy co chay con gidm hon nira nho gié nhe
xung quanh 1am tang t6c d6 phan tan H2 bj ro ri.
In the case of small H2 leaks outdoors, the fire hazard is further reduced by light ambient winds which
accelerate dispersion of the leaked H2.
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TINH HUGNG SU CO: Chay & chai khi H2 va c6 nguy co’ chai bj pha hay
INCIDENT SITUATION: Fire in proximity of cylinders. Possible rupture of cylinder

A - Dau hiéu phat hién s cé:
Signs of problem detection:

A.1 Phai luén ghi nhé rang hydré chdy, ngon Ira s& khéng nhin thay va cé thé khéng nghe
thay, chay chi cé thé dugc nhan ra bdi lan nhiét ndng cda khdng khi xung quanh.

Always remember that when hydrogen burns, the flame will be invisible and may not be heard, the fire
can only be detected by the heat of the surrounding air.

A.2 RO ri khi &p suat cao tao ra tié€ng rit Idn. Do d6 dung tai nghe dé phan dodn tinh hinh.

High-pressure air leaks make loud hissing noises. Therefore, use headphones to judge the situation.

Nhitng lwu y chinh / key notes:
Né&u ban nghi ngd hydré ro va chdy, Tuyét d6i khong thr ngon Itra bang tay.
If you suspect hydrogen leakage and fire, absolutely do not test the flame by hand.

— Viéc can lam dau tién khi phat hién cé ro ri H2 1a cit ngudn cung cap khi.
The first thing to do when detecting an H2 leak is to cut off the gas supply.

— Khéng c6 gang dap Ilra néu nhu khong thé cat hoan toan ngudn khi ngay sau dé. Vi néu
dap duoc ngon Iira thi khi H2 tiép tuc ro 1am ndng d6 tang cao trong khéng khi va thiét
bi vAn con ndng cé thé dét chay hydrd va gay ra nd
Do not attempt to extinguish the fire if the gas source cannot be completely cut off immediately. Because

if the fire is extinguished, H2 gas continues to leak, causing its concentration to increase in the air and
the device is still hot, which can burn hydrogen and cause an explosion.

— Ne&u ngon l&ra khéng dap duoc (do khéng cé van céch ly, vi du van x3 cda thung chira dp
suat cao bi hong) phun cang nhiéu nwdc vao thiét bj (ché ngon I&ra tac dong dén) cang
tot dé 1am lanh thiét bi ngan nglra nguy co chdy lan rong. C& dé cho hydrd chdy.

If the fire cannot be extinguished (due to the absence of an isolation valve, for example the release valve

of a high-pressure tank is broken) spray as much water as possible into the device (where the fire affects
it) to cool the containment device. prevent the risk of fire spreading. Just let the hydrogen burn.

B - Cac buéc thye hién trng phé sy cd
Steps to perform emergency response

B.1 Thdng bdo dé moi ngudi di tan, xa khu vic sy ¢ nhat cé thé. Tham khdo khoadng cach
an toan & trén

Inform everyone to evacuate, as far away from the incident area as possible. Refer to the safe distance
above.

B.2 S{ dung camera chup nhiét (néu cé) dé xac dinh c6 chdy hay khéng. B&n canh canh do,
xac dinh xem c6 nguy co va cham vao céc éng/chai khi khac hay khong.
Using a thermal imaging camera (if available). Determine if there is a risk of impingement on the other
tubes/cylinders.

B.3 Hay xem xét cic yéu td sau dé xac dinh rdi ro: huwdng gid, méi nguy hiém do céc tién ich

gay ra, (vi du: hé théng dién, v.v.), vat liéu cé thé chdy & gan va nhirng noi cé thé tich tu
khi hydro. Cac ngudn gy chay phai dwoc xac dinh va giam thiéu.
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Review the following elements to determine risks: wind direction, hazards posed by other vehicles, utilities
(e.g. electrical, gas, etc.), structures (i.e. buildings), materials which can burn (e.qg. dry grass or trees) and
areas in which hydrogen gas may accumulate. Ignition sources must be identified and mitigated.

B.4 Cat ngudn cung cap dién cho khu vuc tir bén ngoai.
Have any electrical supply to the area cut off from beyond the perimeter.

B.5 Dam bao khoang cach an toan khi thyc hién cic buwdc dudi day va khi cé thé xay ra viéc
chai khi H2 bi pha hy.

Ensure that safety distances are respected for all steps below when a rupture is possible.

B.6 Hay xem xét sy hinh thanh ddm may khi H2. N&u cé thé, tim cdch phan tdn ddm may nay
bang cach tao man nuwdc bang voi chita chdy. Phun nuéc (swong mu nwéc) la phuong
phap hiéu qua dé kiém sodt dam may H2.

Consider H2-Air cloud formation. If possible, facilitate cloud dispersion by creating water curtains using
fire hoses. Spraying water (water fog) is an efficient way to control the H2 cloud.

B.7 Théng tin t&i ddi cru hda vé viéc can lam mat 6ng/chai khi bang nhiéu nuwéc dé dat va

duy tri nhiét d& mat nhat cé thé cta chai H2. Duy tri nhiét d6 chai dwdi dp suat né twong
duwong cha PRD (néu cd). Ngon Itra tdc dong vao chai H2 cé thé 1am kim loai yéu di déng
thoi lam tang dp suat bén trong.
Advise the fire department to cool down the tubes/cylinders with copious amounts of water to reach and
maintain the coolest possible temperature of the tubes/cylinders. Maintain tubes/cylinder temperature
below the equivalent bursting pressure of the PRD (if applicable). Flame impingement on the
tubes/cylinders may weaken the metal while increasing internal pressure.

B.8 Theo ddi ro ri cho dén khi khi xa hét (it nhat 1 gio).
Check timetable to assess emptying time for large leaks (at least 1 hour).

B.9 Moiro ri con lai phai & mic trung binh/nho. Néu cd thé, hiy doi thém 10 gidy nita dé lam
sach cdc cho ro ri ¢& trung binh, dong thoi duy tri qua trinh 1dm ngudi chai H2 bang cach
lién tuc phun nudc.

Any remaining leaks should be medium/small. If possible, wait another 10 hours for medium-sized leaks
to empty, while maintaining cool-down of tubes/cylinders with copious amounts of water.

B.10 Sau 10 gi®, néu con sét lai bat ky ro ri rat nhd nao, hdy danh gid kha nang x& ly an toan
lwgng H2 con lai. C6 thé tdng dan mirc d6 ro ri chdy mot cach an toan dé giam téng thoi
gian lam sach
After 10 hours, if there are any very small remaining leaks, assess the possibility of safely handling the
remaining H2, either by first containing remaining product or safely and progressively increasing burning
leaks to reduce total time to empty.

B.11 Tiép can chai H2 mét cach than trong (tr hwdng gid, tirc 1a gid & phia sau lung ban, bat
c khi nao cé thé), deo PPE thich hop va mdy do khi H2. Khdng voi vang; Khéng cho phép
nhirng ngudi khac tro gidp cho dén khi tinh hinh d3 dugc danh gia day da.

Approach cautiously (from upwind, i.e. with the wind at your back, whenever possible), wearing
appropriate PPE and an H2 gas detector. Resist the urge to rush in; others cannot be helped until the
situation has been fully assessed.

B.12 Trong khi tiép can, phai xac nhan rang khéng con phat hién H2. Chu y tiéng khi H2 thoat
ra (ro ri khi ap suat cao tao ra tiéng rit I&n). Néu phat hién thay H2 trén 1%, hay dirng lai,
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quay lai diém quan sat an toan va dinh ky danh gia lai tinh hinh cho dén khi phat hién
duoc it hon 1% khi H2 trong khu vuc.

While approaching, confirm there is no H2 detected. Listen for venting H2 (a high-pressure gas leak
generates a loud hissing sound). If H2 is detected above 1%, stop, return to the safe viewing point and
periodically reassess the situation until there is less than 1% GH2 detected in the area.

B.13 Tranh hit phai khéi va hoi. Birng cho rang khi hodc hoi 1a v6 hai ngay ca khi khéng cé mui.
Cé thé b céc loai khi hodc hoi khdng mui ¢6 hai.
Avoid inhaling fumes, smoke and vapors. Do not assume that gases or vapors are harmless even if there
is no smell. Harmful odorless gases or vapors may be present.

B.14 Di bd theo hwdng ma cé gié & phia sau, theo ddi ham lwgng H2 va tiép tuc lang nghe xem
¢ ro ri khi hay khong.
Walking from the front of the trailer to the back on the upwind side (i.e. with the wind at your back),
monitor H2 content and continue listening for gas leaks.

B.15 S{&r dung mdy do khi H2, xac dinh xem khéng ¢4 ro ri trén tat cd cac két ndi ren, van, v.v.
va lién tuc theo d&i ro ri.
Using an H2 gas detector, verify the absence of leaks on all piping, threaded connections, valves, etc. and
monitor continuously for leaks.

B.16 Sau khi Itra tat, ti€p tuc lam ngudi chai khi H2 cho dén khi khéng thay hoi nudc trén chai
va chai van uét khi nglrng tuéi nwéc.
After the fire is out, continue to cool the tubes/cylinders until no vapor can be seen on the tubes/cylinders
and tubes/cylinders remain wet when watering stops.

B.17 N&u chai/van c6 dau hiéu hu hong thi can phai gidm 4p suat trong chai bang kj thuat
giam ap suat thich hop nhat.
If the tube/cylinder/valve has signs of damage it will be necessary to reduce the pressure in the
tubes/cylinders using the most appropriate pressure reduction technique.

B.18 Lam sach chai bang khi nito.
Purge the tubes/cylinders with nitrogen gas.

B.19 Danh gid tinh trang cta cdc chai H2 khéc, dac biét trong trudng hop béc chay.
Assess the condition of the other tubes/cylinders, especially in the event of ignition.

B.20 N&u xac nhan rang khong cé rod ri, hdy cach ly cac chai khi nay dé xem xét xt ly dic biét,

khéng xay ra mat an toan.

If it is confirmed that there is no leak, isolate these gas cylinders for consideration of special handling, so
that safety does not occur.

C - Tham khdo: Khodng cach an toan / Reference: Safe distance

The pressure of the cylinder in a fire case needs to be known to determine the approximate
rupture pressure and establish the safety zones.

The pressure of the cylinder in a fire case needs to be known to determine the approximate rupture pressure
and establish the safety zones.
C.1 Vung 20 mbar/ 20 mbar zone

— Khoang cach an toan t8i thiéu cho cdng ddng. Khoang cach nay nén duwoc tang 1én bat
ct khi nao cé thé.
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Minimum safety distance for the public. This distance should be increased whenever possible.

Day la vung lanh chita tram chi huy va cac chirc ndng ho tro khac dwoc cho 1a can thiét
dé kiém soat sy co.

This is the cold zone which contains the command post and such other support functions as are deemed
necessary to control the incident.

VUung nay con dugc goi 1a viung sach hodc vung ho tro.
This zone is also referred to as the clean zone or support zone.

Trong bdi canh xay ra sy kién khan cap trén xe dau kéo hydro, diéu nay sé tuwong rng
v&ivung 20 mbar.
In the context of a hydrogen trailer emergency event this would correspond to the 20-mbar zone.

C.2 Vung 50 mbar/ 50 mbar zone

Khoang céch téi thiéu dé danh gia tinh hinh. Khodng cdch nay nén duworc ting 1&n bat
c khi nao cé thé. T4t ca cdc bén nén duy tri & vung 20 mbar khi khéng danh gid hoac
khac phuc tinh hinh.

Minimum distance for evaluating the situation. This distance should be increased whenever possible.
All parties should remain at the 20-mbar zone when not evaluating or remediating the situation.

Vung am la khu vyc dién ra hoat dong chita chdy va ho trg ving néng. Né bao gom
cac diém kiém soat hanh lang truy cap. Vung nay con duoc goi 1a vung gidi han truy
cap

The warm zone is the area where firefighting and hot zone support take place. It includes control points
for the access corridor This zone is also referred to as the limited access zone

Vung am Ia khu viyece ti€p can han ché danh cho cac thanh vién truc ti€p ho tro hodc hd
tro cac hoat ddng trong vung ndng. Nguy co dang ké vé thuwong tich cho con ngudi (hd
hap, phoi nhiém, v.v.) van cé thé ton tai & vung am.

The warm zone is a limited access area for members directly aiding or in support of operations in the
hot zone. Significant risk of human injury (respiratory, exposures, etc.) can still exist in the warm zone.

Trong bdi canh xay ra sy kién khan cap trén xe dau kéo hydro, diéu nay sé tuwong rng
v@i vung 50 mbar.
In the context of a hydrogen trailer emergency event this would correspond to the 50-mbar zone.

C.3 Vung 140 mbar/ 140 mbar zone

Nguy co tlr vong dang ké ton tai. Khdng nén vao vung nay trir khi cé thé xac nhan rang
khoéng cé nguy co v& chai.

A significant risk of fatality exists. This zone should not be entered unless it can be confirmed that
there is no risk of cylinder rupture.

Vung néng 1a khu vue ngay xung quanh sy cd vat liéu nguy hiém, m& réng dd xa dé
ngan nglra tdc dong bat loi tir viéc gidi phong vat liéu nguy hiém cho nhan vién bén
ngoai khu vuec.

The hot zone is the area immediately surrounding a hazardous materials incident, extending far
enough to prevent adverse effects from hazardous materials releases to personnel outside the zone.
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— Vung néng la khu viyc c6 rii ro 1dn nhat doi vai cac thanh vién va thuong sé dugce phan
loai la bau khéng khi IDLH (Nguy hiém ngay lap tirc dén tinh mang va sirc khée).
The hot zone is the area presenting the greatest risks to members and will often be classified as an
IDLH (Immediately Dangerous to Life and Health) atmosphere.

— Trong bdi cdnh x3y ra su c6 thiét bj xe dau kéo hydro, diéu nay s& twong rng vdi vung
140 mbar.
In the context of a hydrogen trailer equipment event this would correspond to the 140-mbar zone.
C.4 Vung 200 mbar / 200 mbar zone:
— Vung cé nguy co tlr vong cao trong truong hop v& chai khi.

High risk zone for fatality in the event of cylinder rupture.

CAC NGUONG SAU PAY VE ANH HUONG CUA AP LU'C QUA MU'C BOI VOI NGUO1 LON:

The following thresholds for the effects of overpressure on an adult:
— 30 mbar: ngudng tdn thuwong mang nhi, / Eardrum damage threshold,
— 50 mbar: ngudng thiét hai khong thé khac phuc, / irreversible effects threshold,
— 140 mbar: ngudng tac ddng gay chét ngudi/ Lethal effects threshold,

— 1 bar: ngu®ng ma phéi clia ngudi I&n cb thé v ra.
The threshold beyond which an adult’s lungs will burst.
Bang 1 cho thay cac tac ddng qud 4p do v& trong trwdng hop hoa hoan trén thiét bi dién hinh (vi
du: ro modc 6ng 200 bar).

Table 1 shows the over-pressure effects due to rupture in a fire scenario on typical equipment (e.g. 200 bar tube
trailers).

Bang 1 — Anh hwéng qua ap do vé& trong kich ban héa hoan

Table 1 — Over-pressure Effects Due to Rupture in a Fire Scenario

Thiét bj ap lwc < e v v . . e Anh huéng qua ap (mét)
thép lién quan/ Ap suat khi Ap suat no Over-pressure effect (meters)
. P ip q Gas Pressure Burst Pressure 140 200
teel Pressure
Equipment Involved (bar) e AU | BT mbar mbar
Chai khi 20 lit/ 20- 165 331 2%6m | 14m | 11m 6m
liter cylinder
Chai khi 50 it/ 50 165 331 36m 19 m 15m 8m
liter-cylinder
nhdém chai (50 lit)/ 165 331 36m | 19m | 15m | 8m
Bundle (50 liters)
4.4 An toan chiét nap khi H2 vao longtube:
Safety filling H2 to long tube
M6 ta xe Longtube va cic yéu ciu vé An toan
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Longtube Vehicle Description and Safety Requirements:

-

St e S YT

w |"l Il\-r‘”‘:-““;
Ay

19805

4.4.1 Cau tao chinh/ Main structure:

— Hé théng gdbm nhiéu 6ng chira dai (thuwdng |a
9-16 long tubes) duoc 13p dit song song trén
mot khung bao vé. Mbi long tube 1a mét binh
ap luc.

The system consists of multiple long storage tubes

(typically 9-16 long tubes) arranged in parallel on a
protective frame. Each long tube is a pressure vessel.

— Kich thudc Dimensions:
e Dudng kinh tube: 200 dé€n 500 mm
Diameter of the long tube: 200 to 500 mm
e Chiéu daitir6 dén 12 mét.
Length: 6 to 12 meters.

— Ap suat lam viéc / Operating pressure:
200 dén 300 bar (thdm chi cao hon tly vao yéu cau cu thé).
200 to 300 bar (or even higher depending on specific requirements).

4.4.2 Vat Liéu ché tao/ Material construction:

anil tneV \ éxgnd

— Caclongtube thuwong dugc lam tir thép khong E“h” P —_—

gi 316L hoac thép hgp kim cé kha nang chiu

ap luc cao va chéng d@n mon.
The long tubes are typically made from 316L stainless

steel or high-strength alloy steel, which have high

pressure resistance and corrosion resistance.

— Lép phu bao vé: Bén trong long tubes co thé

duoc pht mét |&p chdéng thdm dé ngdn ngira | [
sy thdm hydrogen va hién twgng gion hoa

(hydrogen embrittlement). . ﬁﬂm'—’l

Protective coating: The interior of the long tubes may

-d

be coated with a layer to prevent hydrogen permeation and hydrogen embrittlement.
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4.4.3

Hé théng 6ng nhanh/ Manifold system:

Hé théng manifold két noi cac long tubes véi nhau va dan khi hydrogen tir cac 8ng chira
dén hé thdng phan phdi hodc céc thiét bi s&t dung.

Manifold thuwong lam tir thép khéng gi, cé kha nédng chiu dp luc cao. The manifold system connects the long
tubes together and directs hydrogen gas from the storage tubes to the distribution system or other
equipment. The manifold is typically made from stainless steel and is designed to handle high pressure.

Khép néi: Ong nhanh c6 thé duoc trang bi khdp néi linh hoat (Pigtail) d& gidm cing thang
co hoc do rung ddng hodc thay déi nhiét dé.

Connections: The manifold may be equipped with pigtail pipe to reduce mechanical stress caused by
vibration or temperature changes.

4.4.4Vanva hé théng an toan/ Valve and safety system:

Van diéu khién (Cylinder Valve):Mbi long tube dugc trang bi van diéu khién riéng, cho phép
déng mad dong khi hydro tir tirng tube vao hé théng 6ng nhanh.

Cylinder Valve: Each long tube is equipped with its own cylinder valve, allowing the flow of hydrogen from
each tube to the manifold system to be controlled.

Dia nd (Rupture Disk): Bia né dugc 1ap dit dé ngan chan sy gia tang dp sudt qua muic bén
trong long tubes. Khi dp suat vuot qua ngudng an toan, dia sé nd dé xa khi ra ngoai, trdnh
nguy co no thiét bi.

Rupture Disk: A rupture disk is installed to prevent excessive pressure buildup inside the long tubes. When

the pressure exceeds the safe threshold, the disk will rupture to release gas, preventing the risk of
equipment explosion.

DPong ho &p suat (Pressure Gauges):Cac dong ho ap suat duwoc |3p dit trén moi long tube
dé theo ddi ap suat bén trong tirng 6ng, gitp ki€m sodt va gidm sat an toan.

Pressure gauges are installed on each long tube to monitor the pressure inside each tube, aiding in control
and safety monitoring.

4.4.5 Quy trinh chiét nap khi H2 vao Longtube/ H2 gas filling process into Long tube:
ST M6 ta cac budc nap
No Describe the filling steps
Kiém tra trwdc khi nap/ Check before filling:
1.1 Kiém tra ngoai quan Long tube trailer theo checklist (Bao gdbm kiém tra han kiém
dinh, hinh d6 cdnh bao cla Long tube, chén I6p, két ndi ti€p dia vdi Long tube...)
Check the appearance of Long Tube trailer according to the checklist (Including checking the
inspection period, warning diagram of long tube, tire chocks, grounding connection with
Long tube...)
1.2 Phan tich chat lwvgng khi H2 trong tube trudce khi nap
To analyze the quality of H2 gas in the tubes before filling
1 1.3 Chuan bi dung cy, BHLD dung v&i H2 day dd trwdc khi tién hanh nap
To prepare tools and personal protective equipment (PPEs) for use with H2 before filling.
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1.4 Dam bao cac phuong tién chira chay tai chd cé san va hoat dong t6t
To ensure that on-site fire-fighting equipment is available and in good working order

1.5 Kiém tra phan dién ngudn cho may bom chan khéng
To check the power supply for the vacuum pump

1.6 Kiém tra do kin cla cdc duwdng &ng, van. Kiém tra cac vi tri k&t ndi vai cdc diém phan
tich
To check the tightness of pipes and valves. Checking the connection points with the analysis
points.

1.7 Kiém tra hé théng dién, van an toan, ap ké... cia hé théng
To check the electrical system, safety valves, pressure gauges, etc. of the system

Qua trinh nap san pham/ Product filling process:
2.1 K&t ndi tube trailer vao day mém, van téng clia tube trailer van ddng.
To connect the tube trailer to the flexible hose, keep the main valve of the tube trailer closed.
2.2 M@ van cap khi Nito dé thong thdi doan 6ng mém tdi tube trailer, viéc nay nham
dam bao dé dm va khi Oxy bén ngoai khdng xam nham vao bén trong ng mém. Sau
khi k&t ndi thi dong van cap khi N2 lai, van dau vao cla tube trailer van déng.
To open the Nitrogen supply valve to purge the flexible hose to the tube trailer, this work
ensures that the humidity and Oxygen from the outside do not enter the flexible hose. After
connecting, close the N2 supply valve, keep the inlet valve of the tube trailer closed.
2.3 Sau d6 lam sach khi N2 bén trong 8ng mém bang cach dung khi H2 théng théi
Then clean the N2 gas inside the flexible hose by using H2 gas to purge.
2.4 M@& van dau vao cua tube trailer dé khi H2 di tir tube trailer qua 6ng mém va xa ra
ngoai qua van xa sau do déng van xa lai.
To open the inlet valve of the tube trailer to let H2 gas go from the tube trailer through the
hose and discharge it through the discharge valve, then close the discharge valve.
2.5 M@ van phan tich trén bang diéu khién, tién hanh phan tich.
To open the analysis valve on the control panel, conduct the analysis work.
2.6 M@ van cap khi H2 dé nap khi vao tube trailer, theo ddi déng hd ap suat trén bang
2 diéu khién cho dén 4p suat yéu cau.
To open the H2 gas supply valve to fill H2 gas into the tube trailer, monitor the pressure
gauge on the control panel until the required pressure.
2.7 Theo ddi nhiét d6 cla tube trailer trong suét qua trinh nap, néu nhiét do 1én cao thi
phai dirng qud trinh nap dé kiém tra nguyén nhan
To monitor the temperature of the tube trailer during the filling process, if the temperature
rises, the filling process must be stopped to check the cause.
2.8 Kiém tra rd ri van va céc diém két ndi tai cac thoi diém ap khac nhau
To check for valve leaks and connection points at different pressure times

Két thuc nap/ Finish filling:
3.1 Sau khi nap day thi déng van cdp khi H2, déng van dau vao cta Tube Trailer va van
3 cla tirng long tube riéng lé
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After filling, close the H2 gas supply valve, close the inlet valve of the Tube Trailer and the
valve of each individual long tube.

3.2 M@ van xa dé xa ap trén ddy mém, sau dé thao két ndi.
To open the relief valve to release the pressure on the flexible hose, then disconnect the
hose.

3.3 Thuc hién cédc thd tuc xudt hang (Phiéu giao nhan, Phiéu phan tich, Checklist giao
hang...)
To carry out the delivery procedures (Delivery note, COA, Delivery checklist...)

3.4 Théo tiép dia, d& bd céc bién canh bao, bd chén 16p dé chuan bi xuat giao hang
To remove ground, warning signs, and tire chocks in preparation for delivery of H2 Long tube
trailer.

4.4.6 Cac rui ro va bién phap phong ngira khi nap H2 vao xe Longtube
Risks and precautions when filling H2 into Long tube trailer:

— Khi thao tdc dong, m& van két ndi, van chan dan nap, phai nhe nhang, tir tlr. CAm khong
duwoc dong mé van dot ngdt tranh gy ma sat ldn, dan dén xung ap dé gay ra chay né.
When closing and opening the connecting valve and the filling valve, it must be done gently and slowly. Do
not open and close the valve suddenly to avoid causing large friction, leading to pressure spikes that can
easily cause fire or explosion.

— Nguoi khéng c6 nhiém vy, tuyét ddi khéng dwoc vao khu vue nap san pham.

People without duties are not allowed to enter the product filling area.

— Cac thiét bi, dung cu dung cho nap H2 phai |a cac dung cu chuyén dung (nhu ca-lé déng,
bé dam chéng danh tia dién...)

Equipment and tools used for H2 filling must be specialized tools (such as copper wrenches, anti-electric
shock radios, etc.)

— Céac BHLD dung cho nhan vién phai ddm bao dung quy dinh (quan
40 vai chay chadm, gang tay chéng chdy, kinh an toan...) iy
PPE used for employees must comply with regulations (flame retardant .
clothing, fireproof gloves, safety glasses, etc.) e

— Khi trén duwong 6ng c6 ép luc, tuyét doi khong dwoc go dap lén | ‘
duong 6ng, hodc thao xiét réc co. —

When there is pressure on the pipeline, absolutely do not knock on the B
pipeline or loosen or tighten the junction.

— Nhan vién nap san pham phai dugc dao tao chuyén modn va cé kinh nghiém
Product filling staff must be professionally trained and experienced.

4.4.7 Ung phé su c6 khan cap khi nap khi H2 vao Long tube
Emergency response when filling H2 gas into Long tube:
— Sy c6 thudng xay ra nhu hd zodng, hé é-cu van, hé c6 van, ngudi van hanh can dong ngay
cac van nhanh vao tube, xa 4p trén voi nap.
Common incidents such as gasket leakage, valve nut leakage, valve neck leakage, the operator needs to
immediately close the branch valves to the tubes, close the bottle valve, release pressure on the filling
hose.
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— Truwdng hop su ¢d xay ra & khu viee dan nap H2, can déng ngay van chan chinh, cat ngudn
H2 vao dan. Dong thoi tién hanh déng toan bé céc van tube trailer
In case of an incident occurring in the H2 filling system area, it is necessary to immediately close the main
stop valve, cut off the H2 source to the system. At the same time, close all tube trailer valves.

— Nhan vién nap san pham phai ndm duoc cac budc xtt ly trong tredng hop khan cap, binh
tinh x& ly cdc tinh hudng, nhan nat bado déng néu su c6 ngoai tam kiém soat.
The product filling staff must understand the steps to handle an emergency, calmly handle the situation,
press the alarm button if the incident is out of control.

4.4.8 Xt ly trong treong hop xay ra chay long tube
Handling in case of long tube fire:

— Ngon I&ra hydro hdu nhw v hinh. Viéc dét chay vat liéu bén ngoai (vi du: bdt kho) cé thé
la dau hiéu nhin thay duy nhat cho thay cé su thoat ra do bat I{ra clia hydro.

Hydrogen flames may be virtually invisible. External material (e.g. dry powder) burning may be the only
visible indication that there is an ignited escape of hydrogen.

— Khi &ng phé xtr ly cdc ddm chdy lién quan dén céac loai trailer nay, khdng duwoc phun/d6
nudc vao cac 16 van xa hodc thiét bj gidm ap suét.
When responding to a fire involving these types of trailers, do not put water on any vents or pressure relief
devices

— Trén bat ky trailer ndo, néu duwdng xa hydro béc chdy, lva chon an toan nhat 13 dé né chay
hét thay vi dap tat
On any trailer, if the venting hydrogen has ignited, the safest option is to let it burn off rather than
extinguishing

— Ne&u Ira bat vao trailer, can xem xét cac loai bon chira trwdc khi phun nwéc
If fire is impinging on a trailer, the container type should be considered before water is applied

— Khi chita chay lién quan dén tube chira va bon 1&dng lanh dp suat cao, nén st dung nudc
dé gidm &p suat, tranh phd hdng bén chira
When high-pressure steel tube and cryogenic trailers are involved, water should be used to reduce
container over-pressurization and damage

— Viéc phun nuéc cé thé lam mat thiét bj giam ap suat nhiét (TPRD) va ngén kich hoat thiét
bi nay, nhung khéng ngan dwgc viéc chai bi hong.
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Partial water application could cool the tprd and prevent its activation, but not prevent damage to the
cylinder itself.

— Né&u bi han ché tiép can, lwa chon t6t nhat cé thé 1a: bdo vé moi trwdng hop phoi nhiém

va cho phép thiét bj gidm ap suat nhiét (TPRDS) hoat déng nhu thiét ké.
If access is restricted, a better option may be to protect any exposures and allow the TPRDS to function as
designed.

4.5 Cac su cd, tai nan lién quan dén san xuat va chiét nap khi H2

4.5.1

Incidents and accidents related to H2 gas production and filling
Trwong hop 1/ Case 1:

BON chira vai tram it H2 phat nd 'trong lic thir nghiém' tai co s& nha san xuat van & Ao
Tank containing several hundred litres of H2 explodes ‘during testing’ at valve manufacturer’s premises in
Austria

Vu viéc xdy ra ngay trudc 1 gid chiéu ngay 10
thang 8 nam 2023, tai co s& cla cong ty HypTec,
codng ty vira sdn xuat van va cac bd phan lwu triv
hydro khac, vira cung cip cac thir nghiém thiét
bj tai phong thi nghiém tai chd.

The incident occurred shortly before 1pm on 10th August
2023 at the premises of local company HypTec, which
both manufactures valves and other hydrogen-storage
components, and offers equipment tests at an on-site
laboratory.

Tham khao / Ref: hydrogen-explosion-in-austria

Nhan vién HypTec dang lam viéc trong mot nha
kho thi chi€c bodn chira vai trdm lit H2 nam bén
ngoai phat nd. Strc manh cla vu né d3 ném nhiéu bd phan khac nhau |1&én khéng trung”,
nhung ngudi dan 6ng “chi bj thwong nhe & tay”. Vu nd lam rung chuyén nha clra cach dé
hon 3 km.

A HypTec employee was working in a warehouse when the tank — located outside and containing “several

hundred litres of hydrogen” exploded. “The force of the explosion threw various parts through the air, but
the man suffered only minor injuries to his hand. The blast made shake the houses more than 3 km away.

Lwc lwgng ciru hda va canh sat sau d6 da so tan khu viure va cac khu vue xung quanh, déng
thoi thiét 1ap cac rao chan trong ban kinh khodng 500 mét sau khi khong thé loai trir kha
nang xay ra vu né cla mot binh hydro khac tham chi con I&n hon. Tham chi mot khu vy
nhat dinh trén khéng phan ciing bi phong toa.

Fire brigade and police forces then evacuated the area and surrounding areas and set up cordons within a

radius of around 500 meters after the explosion of another even larger hydrogen tank could not be ruled
out. A certain area of the airspace was also blocked.

Binh hydro thi hai I&n hon duoc thdng hoi tir tir qua dém dé dé phong phat né.
The second, larger hydrogen tank was slowly vented overnight as a precaution.

Nguyén nhan vu viéc van dang duoc cac nha diéu tra .
The cause of the incident is still being investigated.
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4.5.2 Truwonghop 2/ Case2
NG binh hydro & Gangneung, 2 ngudi thiét mang vao 23/ 5/2019
Hydrogen tank explosion kills 2 in Gangneung23rd May2019

Tham khdo / Ref: Hydrogen-tanl-explosion

— Co quan clru hda Han Quéc cho biét mot vu né binh hydro d3 giét chét hai ngwdi va khién
sdu nguodi bi thuwong & thanh phd phia déng Gangneung clia Han Quéc.
A hydrogen tank explosion killed two people and left six injured in the eastern city of Gangneung in South
Korea, the firefighting authorities said.

— Nhitng ngudi chét va bj thuwong déu la doanh nhan va nha nghién ciru mao hiém trong
chuyén di thuce dia tir cac tinh khac. BE chira duoc st dung bdi mét cong ty pin nhién lidu
tai khu cong nghiép, dugc thanh I1ap vao nam 2007 (Yonhap)

The dead and injured were venture businessmen and researchers on a field trip from other provinces. The
tank was used by a fuel-cell company at the park, which was established in 2007. (Yonhap)

Bai hoc kinh nghiém / Lession learnt: review-hydrogen-tank-explosion-gangneung-south-korea

— Nha chirc trdch nghi ngd vu nd xay ra trong qua trinh chay thr 3 bén chra. M6t trong ba
chiéc d3 bi pha hly hoan toan trong vu né trong khi hai chiéc con lai bi hu hdng nang.
Authorities suspect the explosion took place during a test run of the three tanks. One of the three was
destroyed in the explosion while the other two were severely damaged.

— Nguyén nhin vu né dugc xac dinh la do oxy tran vao binh chra hydro. D6 1a dia diém thir
nghiém P2G va hydro duoc sdn xuat bang phuong phap dién phan nwéc trong d6 (3) thung
thép chira hydro cé dung tich 40.000 lit (ID: 2.450 mm, H: 7.668 mm) vé&i dp suat van hanh
1 MPa. Uédc tinh twong dwong la khodng 50 Kg TNT dua trén thiét hai gan dé. Khéng cé
chay thi cap va thiét hai chi do dp suit phat nd. Trong pham vi 15 mét tinh tir bon chira
hydro, dam két ciu cla tda nha da bi hu hong va hau hét cac clra s6 cla tda nha 5 ting
cach do khoang 100 mét, hudng vé phia bén chira hydro, déu bi dap nat. Ngudn géc dénh
Ilra bén trong binh hydro vin chua dugc chirng minh.

The cause of the explosion has been found that oxygen is permeates into the hydrogen storage tank. It was
a P2G testing site and hydrogen is produced by water electrolysis where (3) hydrogen storage steel tanks of
40,000 liter (ID: 2,450 mm, H: 7,668 mm) with operating pressure of 1 MPa. The equivalent TNT is estimated
to be about 50 Kg based on the damage nearby. There was no secondary fire, and the damage was merely

by the detonation pressure. Within 15-meter distance from the hydrogen tank, the structure beam of the
building has been damaged and most of the windows of the 5-story building which is about 100 meters
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away and facing the hydrogen tank, are all crushed. The origin of the ignition inside of the hydrogen tank
has not been proved.

4.5.3 Truong hop 3 / Case3

Dudi day la mot s8 vi du vé vu né va chdy do danh Itra hydro
Here are some examples of explosions and fires caused by hydrogen ignition:

453.1

4.5.3.2

Vu né bdn chira trong qud trinh nap hydro: hydro béc chdy va phat nd tai nha may
Duferco Farrell, trong qua trinh nap bdn. Vao thoi diém xay ra sy viéc, trong binh cua
xe ¢6 khodng 23 m3 khi hydro. Ngudi ldi xe bén dugc dwa dén bénh vién trong tinh
trang bi thuwong, trong d6 c6 vét bdng cip dd hai. Bén bi chdy hoan toan trong vai gio,
gay nguy hiém cho cac bdn chira tir 45 dén 55 m3 hydro.

A tanker explosion during hydrogen unloading hydrogen ignited and exploded at the Duferco Farrell
plant, during the unloading of a tanker. At the time of the incident there was approximately 23 m3 of
hydrogen in the tank of the vehicle. The driver of the tanker was taken to hospital with injuries, including
second degree burns. The tanker burnt down completely over a period of several hours, posing hazard
to the storage tanks, which stored between 45 and 55 m3 of hydrogen.

NS hydro khi xe bdn dang nap: su ¢6 xay ra tai mot nha may dién khi bon mau vang
(xem hinh bén dudi - bén trai) dang duoc bom day hydro tir xe bén (phia bén phai).
Cudc diéu tra cho thay t&m an toan bij truc tric da dan dén viéc gidi phong khoang 17
kg khi hydro trong khoang thai gian 10 gidy, sau d6 béc chady. Phéng tinh dién [a mot
trong nhitng ngudn cé thé gay chay. Vu n6 khién tai x& xe bon tlr vong, nguwdi nay chét
khi chay t&i phwong tién cla minh dé tat dong khi hydro. Mudi cdng nhan nha may
dién cling bi thwong trong vu viéc. Co sé& ha tang cia nha may ciling bi anh huwdng bdi
sy cO.

Hydrogen explosion during a tanker truck unloading: the incident took place at a power station site
when the yellow tank (see graphic below — the left side) was being filled with hydrogen pumped from a
tanker truck (the right side). The investigation showed that a malfunction of the safety plate resulted in
the release of approximately 17 kg of hydrogen gas over a period of 10 seconds, which subsequently
ignited. Electrostatic discharge was one of the probable ignition sources. The explosion caused death of
the tanker driver, who died running to his vehicle to turn the flow of hydrogen off. Ten power plant
workers were also injured in the incident. The infrastructure of the plant was also affected by the
incident. [5]

4.5.4 Truong hop4/ Case4

454.1

Vu né tai nha may sdn xuat hydro: vu né ngay 7 thang 4 ndm 2020 d3 gay thiét hai lon
cho cac tda nha xung quanh. Vu né xay ra tai nha may Nhién liéu Hydro OneH2 & Long
View, Bac Carolina, c6 thé cdm nhan dwoc trong ban kinh vai dam.

Explosion at a hydrogen generation plant: the 7 April 2020 explosion caused extensive damage to

surrounding buildings. The explosion, which occurred at the OneH2 Hydrogen Fuel plant in Long View,
North Carolina, was perceptible within a radius of several miles. [6]
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LONG VIEW - CATAWBA COUNTY

WBTV ON YOUR SIDE N
HYDROGEN FUEL PLANT EXPLODES 3> WBTV

Tham khdo / Ref: homes-damaged-explosion-fuel-facility-catawba-county/

4.5.4.2 Tham khdo mét s6 vu né Hydro do phéng tinh dién tir dwong dan bén duéi
Reference some cases of Hydrogen caused by electrostatic discharge from the below link
the-risk-of-hydrogen-ignition-caused-by-electrostatic-discharge/

Bai hoc kinh nghiém / Lessons learned

— Hydro Ia m6t loai khi rat dé chay va hdn hop cla né véi khong khi chay & mot pham vi nong

do rat réng, khi€n nd dac biét nguy hiém vé nguy co chdy né. Khi nay con cé dac diém la
trong lvong phan ti rat thap, khién né cé kha ndng khuéch tan trong khéng khi cao hon
cac loai khi c6 trong lwgng phan tl&r cao hon nhu metan, propan hodc butan.

Hydrogen is a highly flammable gas and its mixtures with air burn over a very wide range of concentrations,
making it particularly dangerous in terms of explosion or fire hazard. This gas is also characterised by a very
low molecular weight, which makes it more likely to diffuse in the air than higher molecular weight gases

such as methane, propane or butane.

LAM THE NAO BE GIAM NGUY CO NO VA CHAY HYDRO
HOW TO REDUCE THE RISK OF HYDROGEN EXPLOSION AND FIRE

Cé6 thé thyc hién cac budc sau day dé giam thiéu nguy co danh I&ra hydro do phéng tinh dién:
The following steps can be undertaken to minimise the risk of hydrogen ignition caused by electrostatic discharge:

a. Tiép dat tinh dién: / Flectrostatic earthing
— PAam bao rang tat cad cac bon chira,

dudng éng va thiét bj lién quan dén
viéc luu trit, van chuyén va x ly hydro
déu dugc ndi dat dé tranh tich tu tinh
dién.
Ensure that all tanks, pipelines and
equipment involved in hydrogen storage, \
transport and handling are earthed to avoid S 3
the build-up of static electricity.

I .

The grounding control system allows
loading/unloading tankers only
when it detects correct grounding (blocking
da valve, pump, etc.).
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— Trong qua trinh bom bdn chira, bdn chd hydro, su phdéng tinh dién cé thé xay ra va gay ra
tia Ira dién va danh Itra hon hop hydro-khdng khi. Ngoai ra, khi hydro chay qua duwdng 8ng
va van, ma sat cé thé xay ra gilta cac hat hydro va bé méat kim loai va né ciing cé thé dan
dén hién twgng phéng tinh dién.

During loading and unloading of a hydrogen tanker, electrostatic discharge may occur and cause sparks

and ignition of the hydrogen-air mixture. In addition, as hydrogen flows through pipes and valves, friction
can occur between hydrogen particles and metal surfaces, and it can also result in electrostatic discharge.

— DAy l1a mot s6 ly do tai sao cac tram tiép nhién liéu hydro nén duoc trang bi hé théng diéu
khién noi dat. Diéu quan trong la ca thiét bi nay va cdc thiét bi khac ndm trong vung khi
quyén dé né déu phai dwoc chirng nhan ATEX cho cac loai khi Nhém 1IC. Hé théng Earth-
Rite RTR hién la hé théng diéu khién ndi dat duy nhat duoc cap chirng chi nhu véy.

These are some of the reasons why hydrogen refuelling stations should be equipped with earthing control
systems. It is important that both this equipment and other equipment located in an an explosive

atmosphere zone are ATEX certified for Group IIC gases. The Earth-Rite RTR system is currently the only
earthing control system provided with such a certificate

— Hé théng diéu khién néi dat chi cho phép béc d& bdn chira khi phat hién dung van khéa
ndi dat cda bom
The grounding control system allows loading unloading tankers only when it detects correct grounding
blocking valve pump

Watch on (8 Youlube

b. Phat hién / Detection:

— Hydro c6 thé thodt ra ngoai qua nhitng khe hd nhd nhat va thdm chi khuéch tadn qua thanh
kim loai cia bé chira. Day |3 ly do tai sao, diéu quan trong la phai theo ddi sy hién dién cla
no.

Hydrogen can escape through the smallest openings and even diffuse through the metal walls of tanks. This
is why it is important to monitor its presence.

— Hydro tham chi cé thé xuyén qua nhirng birc twdng kim loai day
Hydrogen can even penetrate through thick metal walls

— M6t trong nhitng dac diém chinh cla hydro thach thirc cdng nghé nay Ia kha ndng xuyén
qua cac rao can vat ly. Mot nguyén tlr hydro cé thé lién két vai bé mat vat liéu (suw hap
phu), vé mat vat ly hodc hda hoc, va sau d6 né cé thé xam nhap vao ciu tric vat liéu thong
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qua sy hap thu. Sau d6, théng qua sy khuéch tan, hydro cé thé xuyén qua ca tdm chan kim
loai day va thodt ra ngoai bé chira

One of the key characteristics of hydrogen challenging technology is its ability to penetrate physical barriers.
A hydrogen atom can become bound to the surface of a material (adsorption), either physically or
chemically, and subsequently it can penetrate the material structure through absorption. Then, through
diffusion, hydrogen can penetrate even thick metal shielding and escape outside of the tanks [1].

— Hydro — mét loai khi ban khéng thé ngtri thay
Hydrogen — a gas you can not smell

— M6t yéu t8 quan trong khac khién hydro trd nén dac biét nguy hiém la né khdng mau va
khdng mui, nén khé phat hién trong tredng hop ro ri hodc tai nan. Hon hop hydro-khéng
khi dé& né cé thé hinh thanh trong trwdng hop ro ri hydro, [am ting nguy co né hodc chay.
Another important factor that makes hydrogen particularly dangerous is the fact that it is colourless and

odourless, making it difficult to detect in the event of a leak or an accident. An explosive hydrogen-air
mixture can form in the event of a hydrogen leak, increasing the risk of explosion or fire.

— T4t ca nhitng yéu t6 nay lam cho hydro trd nén nguy hiém hon khi metan, propan, butan
hay hang chuc loai khi khdc vé nguy co né hodc chdy trong qua trinh chiét nap. Pay la ly do
tai sao viéc s&r dung cac quy trinh va bién phap bao vé thich hop, chang han nhu hé théng
diéu khién n6i dat hodc phat hién ro ri 13 cwe ky quan trong, vi ching giam thiéu rdi ro xay
ra cac tinh hudng nguy hiém.

All these factors make hydrogen more dangerous than methane, propane, butane or dozens of other gases
in terms of the risk of explosion or fire during tanker loading and unloading. This is why the use of

appropriate procedures and safeguards, such as earthing control systems or leak detection are extremely
important, as they minimise the risk of hazardous situations.

c. Kiém soat ddé am / Humidity control:

— Theo dai va kiém sodt mirc d6 &m & nhirng khu vwc luru trir hodc x& ly hydro. Dd 8m cao
c6 thé gilp tiéu tan tinh dién.
Monitor and control humidity levels in areas where hydrogen is stored or processed. High humidity can help
dissipate static electricity.
d. Ki@m soat nhiét dd remperature control:

— PAam bao rang nhiét dd duoc kiém soat & khu vire 1an can cac quy trinh lién quan dén hydro,
vi nhiét d6 cao c6 thé 1am tang nguy co phéng tinh dién.
Ensure that temperature is controlled in the vicinity of hydrogen-related processes, as high temperatures
can increase the risk of electrostatic discharge.

e. Loai bé nguén Source elimination:
— Tranh s dung cdc vat liéu cé thé tao ra dién tich, chdng han nhuw nhya va vai tdng hop.
Avoid using materials able to generate electrostatic charges, such as plastics and synthetic textiles.
f. Str dung vat liéu thich hop Use the appropriate materials:

— SU dung vat liéu ndi dat, dan dién gilp tiéu tan tinh dién.
Use grounding and conductive materials which help dissipate static electricity.
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g. Pao tao Training:

— DPAam bao rang nhan vién tham gia vao cac quy trinh s dung hydro duoc dao tao vé cach
x(t ly an toan tinh dién va quen thuéc véi cac quy trinh an toan lién quan.
Ensure that the staff involved in processes using hydrogen are trained in the safe handling of electrostatic
charges and are familiar with the relevant safety procedures

h. Giam sat va kiém tra:

— Thuwong xuyén gidm sat va kiém tra cdc quy trinh lién quan dén hydro dé phat hién cac ro
ri cé thé xay ra hodc tich tu tinh dién va thuc hién cac bién phap phong ngtra thich hop.
Monitoring and testing: Regularly monitor and test hydrogen-related processes to detect possible leaks or
static build-up and take appropriate precautions.

i. Khi H2 héa long nén lwu triv Hydrogen liquid gas should be stored:

— O khu vuc thodng mat, han ché it nhat vat cdn, cich xa noi cé ngudi thudng xuyén lam
viéc, gidi han ngudi ra vao khu vue lwu trir dé giam thiét hai néu cd su cé xay ra.
in a cool area with minimal obstructions, away from places where people regularly work, and limit people
entering and leaving the storage area to reduce damage if an incident occurs.

Tém lai, diéu quan trong 1a phai ddm bao ap dung cac quy trinh an toan thich hop va tién hanh
kiém tra thudong xuyén dé tranh nguy co bdc chady hydro do phdng tinh dién.

In summary, it is crucial to ensure that appropriate safety procedures are in place and that regular checks are carried
out, to avoid the risk of hydrogen ignition caused by electrostatic discharge.
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PHU LUC / APPENDIX:

Phu luc I: Loai gidy chirng nhan, chirng chi ctia 1ai phu xe ché H2

Appendix I: Types of certificates and licenses for drivers of H2 vehicles

Loai glay'chu'ng’ nhan, Thoi han . o
# chirng chi Expiry e hi
Kind of Certificates date ustration otes

Chiing nhan nghiép vy Phai dugc bbi duwdng bd sung

phbng Cha’y ChCI‘a Chéy &S cucc’\;u.s;:cc(v&c\cu 7z hang nam ve nghlep VU PCCC
! o T CNNG NHAN: bé’l cO quan Cé Chllfc nén
1 | vactunan, ciru hd > nam q 8
Certification of fire 5 years Must receive annual additional
. L training in fire prevention, fighting
revention, fighting and and N eogy .
f cccue fighting A K and rescue skills by competent
authorities.
CONG HOA XA HO! CHU NGHIA VIET NAM AN s A
Do 1p - Tu do - Honh phic GOm cac ndi dung:
T'HE AN TOAN LAO DONG | | /ncludes the following contents:
2 ~ PN N Ho va tén: A \ « N .« 7
Thé huan luyén An toan e — Van hanh thiét bj ap luc
vé sinh lao dcf)ng nhdm Cong vide: Lai xe tai : Operate pressure equipment
o Da hoan thanh khéa hudn luyén N , ~
213 2 nam i oA &0 vha it — An toan hda chat
n toan in chu i chit nguy hiém
i 2 years Antodm ydn hanh thigt bi 4p e :
Occgpat/onq/. safety and y mmyumsmm;m;y2770;'/2023 Chemical safety
haayl 29/05/2 A N \ . A .
hygiene training card group aingeeeezz, 1l — Van hanh an toan thiét bj
3 A A
nang (xe nang)
Safe operation of lifting equipment
Thé b gid tri 80h/20/082025 (forklift)

Quyét dinh cdng nhéan
két qua kiém tra huln
luyén an toan hda chat
3 Decision to recognize the
results of chemical safety
training testing

2 nam
2 years

QUYET DRI

Gidy ching nhan hoan
thanh chuong trinh tap
hudn van chuyén hang
4 | héa nguy hiém 2 years
Certificate of completion of e AN
training program for

transport dangerous goods

2 nam
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