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Concepts of Hydrogen Energy Supply Chain 
1. Concepts of Hydrogen Energy Supply Chain 
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Future Scenario towards Hydrogen Society 
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FEED(Front End Engineering Design) 
2. Pilot Scale Hydrogen Supply Chain FEED 

Purpose of FEED: 
To calculate the precise cost of facilities and operating cost 

1) Determination of hydrogen producing process and plant capacity 
2) Determination of postulated condition for operation 
3) Determination of designing conditions( weather condition, degree of 

leeway, backup perception ) 
4) Implementation of basic design 
5) Drawing of basic design documents 
6) Safety review / evaluation (HAZID) 
7) Drawing of installation specification documents 
8) Calculation of vender equipment cost, installation  
     work cost, approval / license cost,  
     owner expenditures including insurance cost 
9) Calculation of total plant cost 
10)Calculation of operating cost 
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FEED(Front End Engineering Design) 
2. Pilot Scale Hydrogen Supply Chain FEED 

Result of FEED:  Pilot scale plant Mass Balance 
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HAZID (Hazard Identification) 
3. Pilot Scale Hydrogen Supply Chain HAZID 

Purpose, Outline of HAZID 

Risk Management 
ISO(International Standard Organization    
       for Standardization ) 
IEC(International Electrotechnical  
      Commission )   

Global Standard 

JIS(Japanese Industrial Standards) apply 

PSM(Process Safety 
Management) 

OSHA(Occupational Safety and       
          Health Administration ) 
 

Hazard Identification and Meeting 
Some selected engineers from each design team 

            Clarify the hazards / review of countermeasurement 

Updated Safety Design 
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Process Safety pf Plant 
3. Pilot Scale Hydrogen Supply Chain HAZID 

Process Safety of Plant is fundamentally based on PHA 
(Process Hazard Analysis)  

Operation and Maintenance 
based on PHA 

Test and Adjustment  
based on PHA 

Construction based on 
Process Design 

Procurement based on 
Process Design 

Process Design based on PHA 

Safety of plant 
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PPHA(Preliminary Process Hazard Analysis) 
3. Pilot Scale Hydrogen Supply Chain HAZID 

Purpose of PPHA and Method 

Sheet No.
Immediate

Causes
Inadequate

Normal Control
Process

Deviation
Failure to Control

(on Alarm)
Harzardous
Disturbance

Inadequate
Emergency Control

Dangerous
Disturbance

Failure to
Recover Situation

Significant
Event

IPL2:
Basic process control
system(BPCS)

IPL3:
Critical alarm and human
intervention

IPL4:
Safety instrumented
function (SIF, Interlocks)

IPL5, IPL6:
Physical protection
 (Relief devices, Dikes)

Date :

From Through Through Through Through

PLANT NAME

Node No. EQUIPMENT/LINE No. P & ID No.To

UNIT/SECTION

Name

The eventual outcome is an estimation of the likely 
impact of the event on the system’s total environment 

Prepared format for documentation 

Assist: Tree, Event Tree, Equipment knowledge bases, etc. 

More specific information on equipment and facilities 
types of equipment, dangerous disturbances 

(major releases, typical control, emergency control systems) 
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HAZID WORK and Meeting 
3. Pilot Scale Hydrogen Supply Chain HAZID 

Analysis work procedure 
1) 1 or 2 persons are in charge of HAZID meeting selected 8 WG 
2) Charged persons took the lead of analysis work in the group meeting 

and produced necessary documents and finished preparation for the 
plenary HAZID Meeting before 1 week at the latest 

3) Those who charged from all WG joined the plenary HAZID Meeting, 
which was hosted by Hydrogen Project Department and held weekly 
essentially 

4) Plenary HAZID meeting was held 2 or 3 times per each sub plant in 
sequence for plant design review from safety point of view 

5) As for Integrated Drying and Gasification Plant, an Australian vendor 
company was in charge, and plenary HAZID Meeting was scheduled 
last and Gasification WG studied and explained instead of the 
company 

6) All of the HAZID results are ready to be reviewed by the outside 
professional company to judge the conformity with the international 
safety standards 
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HAZID WORK and Meeting 
3. Pilot Scale Hydrogen Supply Chain HAZID 

Work Procedure  【Prosess1】 
Preparation of relevant data / information 

1) PFD(Process Flow Diagram): 
     Heat balance of process flow(temperature, pressure, etc.) at  
     inlet/outlet/inner of equipment 
 
2) P&ID(Piping & Instruments Diagram) 

 
3) Processing details and reaction formula of process equipment 

 
4) Operation procedure 

 
5) Accident information on other similar plant 
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HAZID WORK and Meeting 
3. Pilot Scale Hydrogen Supply Chain HAZID 

Work Procedure  【Prosess2】 
Partition into the study nodes 
1) Partition the plant into the study nodes based chiefly on functional 

schematics 
 
2) Allot the node number (alphanumeric) 
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HAZID WORK and Meeting 
3. Pilot Scale Hydrogen Supply Chain HAZID 

Work Procedure  【Prosess3】 
Identification of major hazard (Latent dangerous conditions 
causing serious accidents) 
1) Define clearly the heat balance of study node at inlet, inside, outlet 
2) Simulate and analyze the process behavior under control of 

operation in steady state in accordance with P&ID 
3) Examine possible occurrence of abnormality in process, which may 

proceed to significant event like as fracture of equipment, 
explosion, fire and discharge of toxic material, and to check 
and review the validity of existing safety measures for 
studying need of additional or revising action  

4) Find immediate cause for each possible abnormality 
5) If generation of hazard scenario is left something to be desired 

according to above mentioned manner, it may help to use HAZOP 
guide words 

6) Summarize these information and analysis and fill in “Equipment 
knowledge base” 
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HAZID WORK and Meeting 
3. Pilot Scale Hydrogen Supply Chain HAZID 

Equipment knowledge base (Example: Electrolysis Plant) 



20 © 2013 Kawasaki Heavy Industries, Ltd. All Rights Reserved 

HAZID WORK and Meeting 
3. Pilot Scale Hydrogen Supply Chain HAZID 

Work Procedure  【Prosess4】 
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HAZID WORK and Meeting 
3. Pilot Scale Hydrogen Supply Chain HAZID 

Work Procedure  【Prosess4】 



22 © 2013 Kawasaki Heavy Industries, Ltd. All Rights Reserved 

HAZID WORK and Meeting 
3. Pilot Scale Hydrogen Supply Chain HAZID 

Work Procedure  【Prosess4】 
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HAZID WORK and Meeting 
3. Pilot Scale Hydrogen Supply Chain HAZID 

Work Procedure  【Prosess4】 
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HAZID WORK and Meeting 
3. Pilot Scale Hydrogen Supply Chain HAZID 

Hydrogen Safety Evaluation Test 
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HAZID WORK and Meeting 
3. Pilot Scale Hydrogen Supply Chain HAZID 

HAZID Meeting Practice 
nth Day held Work group name Attendant hour Man-time Place 
1 2013/9/24 Water electrolysis 16 3.5 56 Akashi103 
2 2013/10/1 Water electrolysis, Hydrogen Liquefaction 13 3.5 45.5 Kobe1201 
3 2013/10/8 Hydrogen Liquefaction 11 3.5 38.5 Akashi107 
4 2013/10/15 Hydrogen Liquefaction 11 4 44 Akashi107 
5 2013/10/22 Hydrogen Liquefaction 14 4 56 Akashi107 
6 2013/10/29 Truck and loading station 14 4 56 Akashi107 
7 2013/11/5 Hydrogen Liquefaction, BOP 11 4 44 Akashi107 
8 2013/11/12 BOP, Truck & loading station 12 4 48 Akashi107 
9 2013/11/19 BOP 10 4.5 45 Akashi107 
10 2013/11/26 BOP 12 4.5 54 Akashi107 
11 2013/12/3 Truck & loading station, Gas Refining 11 4 44 Akashi107 
12 2013/12/10 Gas Refining 12 4 48 Akashi107 
13 2013/12/17 Gas Refining 7 4.5 31.5 Akashi107 
14 2013/12/24 Gas Refining 11 3.5 38.5 Akashi107 
15 2014/1/7 Gas Refining 8 3.5 28 Akashi107 
16 2014/1/14 Hydrogen Gas turbine 10 3.5 35 Akashi107 
17 2014/1/21 Hydrogen Gas turbine 11 3.5 38.5 Akashi107 
18 2014/2/4 Gasification 9 3 27 Akashi107 
19 2014/3/27 Entire Plant 14 3.5 49 Akashi107 
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HAZID WORK and Meeting 
3. Pilot Scale Hydrogen Supply Chain HAZID 

HAZID Documentation 

WG Name Commentary on 
PID, Node, etc. 

HAZID_Work_Sheet Minute Other data 

Water electrolysis Done  (Japanese, English) With drawing No. PFD, Material balance, 
arrangement plan 

Hydrogen 
Liquefaction 

Done (Japanese, English) With drawing No. PFD, arrangement plan 

Truck & loading 
station 

Done (Japanese, English) With drawing No.  

BOP Done (Japanese, English) With drawing No. PFD, arrangement plan 
Gas Refining Done (Japanese, English) With drawing No. PFD, arrangement plan 
Hydrogen Gas 
Turbine 

Done (Japanese, English) With drawing No. PFD, arrangement plan, 
timing chart 

Gasification Vender Scope Vender Scope With drawing No. Process flow 
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Conclusion 
4. Conclusion 

We explained 
 
1)FEED for the pilot chain for which we are pursuing 
demonstration as a step of development toward the realization 
of CO2-Free Hydrogen Supply Chain 
 
2)The procedures and outcomes of the safety assessment 
(HAZID) performed as a process of safety design 
 
We will advance our project for superior safety measures 
compatible with international safety standards conforming to 
each phase of basic design, detailed design, plant construction, 
operation, and maintenance. 

KAWASAKI realize  
        “CO2 free Hydrogen Supply Chain”  
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Kawasaki Heavy Industries, Ltd. 
1-14-5, Kaigan, Minato-ku,  
Tokyo 105-8315, Japan  
Tel: 03-3435-2259 Fax.03-3435-2081 
http://www.khi.co.jp 

Thank you for your attention 

Create new value-for a better environment and a 
brighter future for generations to come 
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