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This supplementary file presents the questionnaire surveys filled in by the subject matter experts
(SMEs), which include the pairwise comparisons conducted by each SME using linguistic
variables. At the beginning of each questionnaire, an explanation is provided outlining the
objectives of the survey. Following this, each SME is requested to supply their personal
information. Subsequently, detailed instructions, along with an illustrative example, are given to
guide participants on how to complete the questionnaire. Finally, each SME is asked to perform
the pairwise comparisons.

The following sections of this supplementary file contain:
1. Main body of the questionnaire

2. Responses from each SME regarding the pairwise comparisons.
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1. Main body of the questionnaire

Survey

Prioritize Hydrogen Production Technologies in Egypt using Fuzzy Analytic Hierarchy
Process (FAHP) Considering Sustainability Criteria

Dear Sir/ madam
Greetings,

This survey aims to prioritize and evaluating the utilization of the proposed hydrogen production
technologies in Egypt as critical step towards the development of Egypt’s hydrogen economy strategy. The
researcher adopted main four sustainability criteria, economic, social, environmental, and technical. Each
should include two of sub-criteria for better evaluation.

Note: the information will be used only for scientific research activity.

Part (1) personal information

Please mark (O ) in front of the correct option: use by copy and paste

Gender

Male Female
Degree

Bachelor degree Master Doctoral
Experience

Less 7 years Between 7 and 15 More 15
Sector

Government Private International org.
Name
Organization
Title
Remarks

Thank you for your efforts and commitment please send it directly to ikshanh@live.com.

Sincerely yours
Ibrahim Kshanh
National graduate institute for policy studies, Japan
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Fuzzy Analytic Hierarchy Process Model: Example

Which is more important for Human life?

Which more important for Human life

Air Water Food
Preference Degree
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1 Air X Water
Food X Air
3 Food X Water

In the previous example;

1) It means that (Air) has very strong importance relative to (water)
2) It means that (Air) has strong to very strong importance relative to (Food)
3) It means that (Food) has equal importance relative to (water)

Please use the same technique for filling the following questionnaire regarding the prioritization of

hydrogen production technologies in Egypt as following.

Steam Methane Reforming (SMR)
Biomass Gasification (BG)
PV-Electrolysis (PVE)
Wind-Electrolysis (WE)
Grid-Electrolysis (GE)

A

Prioritization of Renewable Energy Sources in Egypt, Survey, Ibrahim Kshanh, 2018

Page 3 of 79




FAHP model:
Prioritization of hydrogen production technologies in Egypt

Evaluation of HPT in Egypt considering sustainability criteria

N

Economic Social Environment Technical

ZANIRSIVAN

GHG Resource
emission availability

>
>

Job
Creation

Social
acceptance

Capital Production

cost

Land use
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2. Responses from each SME regarding the pairwise comparisons

Pairwise Comparison: SME1

1) Prioritize sustainable development dimensions with respect to goal | Egypt Case |

Preference Degree
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Economic X Social
Economic X Environment
Economic X Technical
Social X Environment
Social X Technical
Environment X Technical
2) Prioritize sub-criteria with respect to [ Sustainability main criteria |
Preference Degree
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Capital cost X Prod. cost
Job creation X Social accept.
GHG emission X Land use
Resource Av. X Tech maturity
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3) Prioritize hydrogen production technologies in Egypt with respect to [ Capital Cost |
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4) Prioritize hydrogen production technologies in Egypt with respect to | Production Cost |
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5) Prioritize hydrogen production technologies in Egypt with respect to [ Job creation |
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6) Prioritize hydrogen production technologies in Egypt with respect to | Social acceptance |
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7) Prioritize hydrogen production technologies in Egypt with respect to [ GHG Emission |
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8) Prioritize hydrogen production technologies in Egypt with respect to | Land use |

Hydrogen
Production
Technologies

BG
PVE

WE

GE

PVE

WE

GE

WE

GE

GE

Preference Degree

WX

SWAIIXd 0) Suons AIOA

suoys A1 4

Suons A10A 03 Suons

suong

3uons 03 9JeIPON

ADLIPOJY

oje1dpour 0} [enbo

jonbg

oje1dpout 0} [enbo

ADIIPOJY

3uons 03 91eIPON

suong

Suons A10A 03 Suons

suoys A1 4

QWAIIXd 0) Suons AIOA

2UNXT

Hydrogen
Production
Technologies

SMR

SMR

SMR

SMR

BG

BG

BG
PVE
PVE

WE

Page 8 of 79

Prioritization of Renewable Energy Sources in Egypt, Survey, Ibrahim Kshanh, 2018




9) Prioritize hydrogen production technologies in Egypt with respect to [ Resource availability |
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10) Prioritize hydrogen production technologies in Egypt with respect to [ Technology Maturity]|
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Pairwise Comparison: SME2

1) Prioritize sustainable development dimensions with respect to goal | Egypt Case |
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3) Prioritize hydrogen production technologies in Egypt with respect to [ Capital Cost |
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4) Prioritize hydrogen production technologies in Egypt with respect to | Production Cost |
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5) Prioritize hydrogen production technologies in Egypt with respect to [ Job creation |
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6) Prioritize hydrogen production technologies in Egypt with respect to | Social acceptance |
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7) Prioritize hydrogen production technologies in Egypt with respect to [ GHG Emission |
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8) Prioritize hydrogen production technologies in Egypt with respect to | Land use |
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9) Prioritize hydrogen production technologies in Egypt with respect to [ Resource availability |
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Pairwise Comparison: SME3

1) Prioritize sustainable development dimensions with respect to goal | Egypt Case |
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3) Prioritize hydrogen production technologies in Egypt with respect to [ Capital Cost |

Hydrogen
Production
Technologies

BG
PVE

WE

GE

PVE

WE

GE

WE

GE

GE

Preference Degree

WX

QWAIIXd 0) Suoms AIOA

Suog A1 4

Suons A10A 01 Suons

suong

Suons 03 9JeIPON

ADIIPOJY

djeropout 0} [enba

onbg

djeropowt 0} [enba

IDIPOJY

Suons 03 9JeIPON

suong

Suons A10A 01 Suons

Suog A1 4

QWAIIXd 0) Suons AIOA

WX

Hydrogen
Production
Technologies

SMR

SMR

SMR

SMR

BG

BG

BG
PVE
PVE

WE

4) Prioritize hydrogen production technologies in Egypt with respect to | Production Cost |
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5) Prioritize hydrogen production technologies in Egypt with respect to [ Job creation |
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6) Prioritize hydrogen production technologies in Egypt with respect to | Social acceptance |
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7) Prioritize hydrogen production technologies in Egypt with respect to [ GHG Emission |
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8) Prioritize hydrogen production technologies in Egypt with respect to | Land use |
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9) Prioritize hydrogen production technologies in Egypt with respect to [ Resource availability |

Preference Degree
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10) Prioritize hydrogen production technologies in Egypt with respect to [ Technology Maturity |
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Pairwise Comparison SME4

1) Prioritize sustainable development dimensions with respect to goal | Egypt Case |

Preference Degree
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3) Prioritize hydrogen production technologies in Egypt with respect to [ Capital Cost |
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4) Prioritize hydrogen production technologies in Egypt with respect to | Production Cost |
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5) Prioritize hydrogen production technologies in Egypt with respect to [ Job creation |
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6) Prioritize hydrogen production technologies in Egypt with respect to | Social acceptance |
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7) Prioritize hydrogen production technologies in Egypt with respect to [ GHG Emission |
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8) Prioritize hydrogen production technologies in Egypt with respect to | Land use |
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9) Prioritize hydrogen production technologies in Egypt with respect to [ Resource availability |
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10) Prioritize hydrogen production technologies in Egypt with respect to [ Technology Maturity |
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Pairwise Comparison: SMES

1) Prioritize sustainable development dimensions with respect to goal | Egypt Case |
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3) Prioritize hydrogen production technologies in Egypt with respect to [ Capital Cost |
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4) Prioritize hydrogen production technologies in Egypt with respect to | Production Cost |
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5) Prioritize hydrogen production technologies in Egypt with respect to [ Job creation |
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6) Prioritize hydrogen production technologies in Egypt with respect to | Social acceptance |
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7) Prioritize hydrogen production technologies in Egypt with respect to [ GHG Emission |
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8) Prioritize hydrogen production technologies in Egypt with respect to | Land use |

Hydrogen
Production
Technologies

BG
PVE

WE

GE

PVE

WE

GE

WE

GE

GE

Preference Degree

WX

SWAIIXd 0) Suons AIOA

suoys A1 4

Suons A10A 03 Suons

suong

3uons 03 9JeIPON

ADLIPOJY

oje1dpour 0} [enbo

jonbg

oje1dpout 0} [enbo

ADIIPOJY

3uons 03 91eIPON

suong

Suons A10A 03 Suons

suoys A1 4

QWAIIXd 0) Suons AIOA

2UNXT

Hydrogen
Production
Technologies

SMR

SMR

SMR

SMR

BG

BG

BG
PVE
PVE

WE

Page 28 of 79

Prioritization of Renewable Energy Sources in Egypt, Survey, Ibrahim Kshanh, 2018




9) Prioritize hydrogen production technologies in Egypt with respect to [ Resource availability |
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10) Prioritize hydrogen production technologies in Egypt with respect to [ Technology Maturity |
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Pairwise Comparison SME6

1) Prioritize sustainable development dimensions with respect to goal | Egypt Case |
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3) Prioritize hydrogen production technologies in Egypt with respect to [ Capital Cost |
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4) Prioritize hydrogen production technologies in Egypt with respect to | Production Cost |
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5) Prioritize hydrogen production technologies in Egypt with respect to [ Job creation |
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6) Prioritize hydrogen production technologies in Egypt with respect to | Social acceptance |
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7) Prioritize hydrogen production technologies in Egypt with respect to [ GHG Emission |
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8) Prioritize hydrogen production technologies in Egypt with respect to | Land use |
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9) Prioritize hydrogen production technologies in Egypt with respect to [ Resource availability |
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10) Prioritize hydrogen production technologies in Egypt with respect to [ Technology Maturity |
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Pairwise Comparison: SME7

1) Prioritize sustainable development dimensions with respect to goal | Egypt Case |
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3) Prioritize hydrogen production technologies in Egypt with respect to [ Capital Cost |
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4) Prioritize hydrogen production technologies in Egypt with respect to | Production Cost |
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5) Prioritize hydrogen production technologies in Egypt with respect to [ Job creation |
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6) Prioritize hydrogen production technologies in Egypt with respect to | Social acceptance |
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7) Prioritize hydrogen production technologies in Egypt with respect to [ GHG Emission |
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8) Prioritize hydrogen production technologies in Egypt with respect to | Land use |
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9) Prioritize hydrogen production technologies in Egypt with respect to [ Resource availability |
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10) Prioritize hydrogen production technologies in Egypt with respect to [ Technology Maturity]|
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Pairwise Comparison: SMES8

1) Prioritize sustainable development dimensions with respect to goal | Egypt Case |
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3) Prioritize hydrogen production technologies in Egypt with respect to [ Capital Cost |
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4) Prioritize hydrogen production technologies in Egypt with respect to | Production Cost |
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5) Prioritize hydrogen production technologies in Egypt with respect to [ Job creation |
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6) Prioritize hydrogen production technologies in Egypt with respect to | Social acceptance |

Hydrogen
Production
Technologies

BG
PVE

WE

GE

PVE

WE

GE

WE

GE

GE

Preference Degree

2uNXT

QWANXd 0) SUOI)S AIDA

Suons d1a4

Suons A10A 01 Suons

Suong

3uons 0} 9JeIOPOIA

IDIIPOJY

djeropout 0) [enba

jonbg

djeropout 0} [enba

IDIIPOJY

3uons 0} 9JeIOPOIN

Suong

Suons A10A 01 Suons

Suons d1a 4

QWANXd 0) SUOI)S AIDA

2uNXT

Hydrogen
Production
Technologies

SMR

SMR

SMR

SMR

BG

BG

BG
PVE
PVE

WE

Page 42 of 79

Prioritization of Renewable Energy Sources in Egypt, Survey, Ibrahim Kshanh, 2018




Hydrogen
Production
Technologies

BG
PVE
WE
GE
PVE
WE
GE
WE
GE
GE

WX

Hydrogen
Production
Technologies

QWAIIXd 0) Suoms AIOA

WX

Suog A1 4

SWAIIXd 0) Suons AIOA

Suons A10A 01 Suons

suoys A1 4

suong

Suons A10A 03 Suons

Suons 03 9JeIPON

suong

ADIIPOJY

3uons 03 9JeIPON

djeropout 0} [enba

ADLIPOJY

onbg

oje1dpour 0} [enbo

Preference Degree

djeropowt 0} [enba

jonbg

Preference Degree

IDIPOJY

oje1dpout 0} [enbo

Suons 03 9JeIPON

ADIIPOJY

suong

3uons 03 91eIPON

Suons A10A 01 Suons

suong

Suog A1 4

Suons A10A 03 Suons

QWAIIXd 0) Suons AIOA

suoys A1 4

WX

QWAIIXd 0) Suons AIOA

7) Prioritize hydrogen production technologies in Egypt with respect to [ GHG Emission |

Hydrogen
Production
Technologies

2UNXT

8) Prioritize hydrogen production technologies in Egypt with respect to | Land use |

SMR
SMR
SMR
SMR
BG
BG
BG
PVE
PVE
WE

Hydrogen
Production
Technologies

BG
PVE
WE
GE
PVE
WE
GE
WE
GE
GE

Page 43 of 79

Prioritization of Renewable Energy Sources in Egypt, Survey, Ibrahim Kshanh, 2018

SMR
SMR
SMR
SMR
BG
BG
BG
PVE
PVE
WE




9) Prioritize hydrogen production technologies in Egypt with respect to [ Resource availability |
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10) Prioritize hydrogen production technologies in Egypt with respect to

[ Technology Maturity |
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Pairwise Comparison: SME9

1) Prioritize sustainable development dimensions with respect to goal | Egypt Case |
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3) Prioritize hydrogen production technologies in Egypt with respect to [ Capital Cost |
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4) Prioritize hydrogen production technologies in Egypt with respect to | Production Cost |
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5) Prioritize hydrogen production technologies in Egypt with respect to [ Job creation |
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6) Prioritize hydrogen production technologies in Egypt with respect to | Social acceptance |
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7) Prioritize hydrogen production technologies in Egypt with respect to [ GHG Emission |
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8) Prioritize hydrogen production technologies in Egypt with respect to | Land use |
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9) Prioritize hydrogen production technologies in Egypt with respect to [ Resource availability |
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10) Prioritize hydrogen production technologies in Egypt with respect to [ Technology Maturity |
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Pairwise Comparison: SME10

1) Prioritize sustainable development dimensions with respect to goal | Egypt Case |
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3) Prioritize hydrogen production technologies in Egypt with respect to [ Capital Cost |
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4) Prioritize hydrogen production technologies in Egypt with respect to | Production Cost |

Hydrogen
Production
Technologies

BG
PVE

WE

GE

PVE

WE

GE

WE

GE

GE

Preference Degree

2uNXT

QWANXd 0) SUOI)S AIDA

Suons d1a4

Suons A10A 01 Suons

Suong

3uons 0} 9JeIOPOIA

IDIIPOJY

djeropout 0) [enba

jonbg

djeropout 0} [enba

IDIIPOJY

3uons 0} 9JeIOPOIN

Suong

Suons A10A 01 Suons

Suons d1a 4

QWANXd 0) SUOI)S AIDA

2uNXT

Hydrogen
Production
Technologies

SMR

SMR

SMR

SMR

BG

BG

BG
PVE
PVE

WE

Page 51 of 79

Prioritization of Renewable Energy Sources in Egypt, Survey, Ibrahim Kshanh, 2018




5) Prioritize hydrogen production technologies in Egypt with respect to [ Job creation |
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6) Prioritize hydrogen production technologies in Egypt with respect to | Social acceptance |
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7) Prioritize hydrogen production technologies in Egypt with respect to [ GHG Emission |
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8) Prioritize hydrogen production technologies in Egypt with respect to | Land use |
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9) Prioritize hydrogen production technologies in Egypt with respect to [ Resource availability |
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10) Prioritize hydrogen production technologies in Egypt with respect to [ Technology Maturity]|
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Pairwise Comparison: SME11

1) Prioritize sustainable development dimensions with respect to goal | Egypt Case |
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3) Prioritize hydrogen production technologies in Egypt with respect to [ Capital Cost |
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4) Prioritize hydrogen production technologies in Egypt with respect to | Production Cost |
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5) Prioritize hydrogen production technologies in Egypt with respect to [ Job creation |
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6) Prioritize hydrogen production technologies in Egypt with respect to | Social acceptance |
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7) Prioritize hydrogen production technologies in Egypt with respect to [ GHG Emission |
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8) Prioritize hydrogen production technologies in Egypt with respect to | Land use |
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9) Prioritize hydrogen production technologies in Egypt with respect to [ Resource availability |
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Pairwise Comparison: SME12

1) Prioritize sustainable development dimensions with respect to goal | Egypt Case |
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3) Prioritize hydrogen production technologies in Egypt with respect to [ Capital Cost |
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5) Prioritize hydrogen production technologies in Egypt with respect to [ Job creation |
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6) Prioritize hydrogen production technologies in Egypt with respect to | Social acceptance |
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7) Prioritize hydrogen production technologies in Egypt with respect to [ GHG Emission |
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8) Prioritize hydrogen production technologies in Egypt with respect to | Land use |
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Pairwise Comparison: SME13

1) Prioritize sustainable development dimensions with respect to goal | Egypt Case |
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5) Prioritize hydrogen production technologies in Egypt with respect to [ Job creation |
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7) Prioritize hydrogen production technologies in Egypt with respect to [ GHG Emission |
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8) Prioritize hydrogen production technologies in Egypt with respect to | Land use |
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9) Prioritize hydrogen production technologies in Egypt with respect to [ Resource availability |
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Pairwise Comparison: SME14

1) Prioritize sustainable development dimensions with respect to goal | Egypt Case |
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3) Prioritize hydrogen production technologies in Egypt with respect to [ Capital Cost |
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4) Prioritize hydrogen production technologies in Egypt with respect to | Production Cost |
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5) Prioritize hydrogen production technologies in Egypt with respect to [ Job creation |
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7) Prioritize hydrogen production technologies in Egypt with respect to [ GHG Emission |
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8) Prioritize hydrogen production technologies in Egypt with respect to | Land use |
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9) Prioritize hydrogen production technologies in Egypt with respect to [ Resource availability |
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Pairwise Comparison: SME15

1) Prioritize sustainable development dimensions with respect to goal | Egypt Case |

Preference Degree
(o] (0]
5 g o 2 2 s g 5
E| w| S S = = S £l w| &
Sustainabili g | 2 21| 8 g | & | & 780 L
nability | s | 5 | § ~| w| 2|82l | 2| 8|2 | | S| S| 8| Sustainability
Criteria § el 8| 5| 8| 2| 8 = S | £ S| 2] = 5| 8| 2] 5 .
S o g z g g § s Lg s § g g z g o S Criteria
SRR IR R I = SR
3 | =~ | Z 2 S =i 2 £~ =
g g = 3 3 = g g
> ? ? >
Economic X Social
Economic X Environment
Economic X Technical
Social X Environment
Social X Technical
Environment X Technical
2) Prioritize sub-criteria with respect to [ Sustainability main criteria |
Preference Degree
5] 5]
5 g 2 2 2 2 g 5
El | & 2 £ = 2 5| w| =
Sustainabili 5| & @ El | 3 S| 8| & R S .
-Cri .ty S| oc| S| 2| | SIS |2l s | 8| 8| S| @ | 8| o 8| Sustainability
Sub-Criteria S| 8| & ) S| S S S | S = s | 8 8 5 . .
g o Q@ > 2 el i g i S|l 2|8 >4 o | & Sub-Criteria
= o = S | 8 8 S | ® o) =
S EIF| 2|8 518 2|8 285|228 2|+
3 | = | Z 2 =] =] 2 2=~ =
g £ = ) ) = £ g
> ” ” >
Capital cost X Prod. cost
Job creation X Social accept.
GHG emission X Land use
Resource Av. X Tech maturity
Page 75 of 79

Prioritization of Renewable Energy Sources in Egypt, Survey, Ibrahim Kshanh, 2018




3) Prioritize hydrogen production technologies in Egypt with respect to [ Capital Cost |
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4) Prioritize hydrogen production technologies in Egypt with respect to | Production Cost |
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5) Prioritize hydrogen production technologies in Egypt with respect to [ Job creation |
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6) Prioritize hydrogen production technologies in Egypt with respect to | Social acceptance |
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7) Prioritize hydrogen production technologies in Egypt with respect to [ GHG Emission |
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8) Prioritize hydrogen production technologies in Egypt with respect to | Land use |
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9) Prioritize hydrogen production technologies in Egypt with respect to [ Resource availability |
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