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Appendix B: Interview guidelines and questions





Appendix C: Interview Insights 











Prioritize 
grid 

congested 
regions

Electrolysers m
ust 

be strategically 
placed to m

axim
ize 

renew
able energy 

utilization and grid 
benefits.

Current grid tariff
s 

m
ake hydrogen 

production costly—
 

new
 dynam

ic and 
location- based 

pricing m
odels are 

needed.

H
ybrid m

arket 
m

odels (local 
dem

and + m
arket

trading) m
axim

ize
revenue 

potential.

G
overnm

ents m
ust 

provide targeted 
subsidies &

 
financial incentives 

for scaling P2X 
energy hubs.

Infrastructure 
investm

ents in 
hydrogen storage, 

pipelines, and 
am

m
onia 

production are 
essential.

Long- term
 

off
take 

agreem
ents w

ith 
industrial users 

im
prove financial 

stability.

P2X hubs m
ust 

integrate 
electrolysis w

ith 
renew

able energy 
to ensure low

- cost 
hydrogen 

production.

Export m
arkets 

(especially via 
am

m
onia transport)

are m
ore viable 

than purely regional
hydrogen hubs.

G
reen hydrogen 

costs depend on 
electricity prices 
and electrolyzer 

effi
ciency, requiring 

cost reductions to 
be com

petitive.

G
overnm

ent 
support, financial 

incentives, and 
international trade 

agreem
ents are 

critical for scaling 
hydrogen hubs.

H
ybrid energy 

storage (hydrogen +
batteries) im

proves 
flexibility and 

resilience.

H
ydrogen storage 

plays a crucial role 
in balancing 

com
m

unity energy 
system

s and 
enabling renew

able 
integration.

Location
Financial/business m

odel
Flexibility

Subsidies/incentives/Policy

Storage

Infrastructure

Policy and financial 
incentives are 

essential to drive 
hydrogen storage 

adoption at the 
com

m
unity level.

Business m
odels 

should focus on 
shared storage, 

energy- as- a- 
service, and local 

trading.

Business m
odels 

should focus on 
shared storage, 

energy- as- a- 
service, and local 

trading.

D
ecentralized, 

com
m

unity- scale 
hydrogen hubs 

reduce grid 
dependence and 
increase energy 

autonom
y.

D
ecentralized, 

com
m

unity- scale 
hydrogen hubs 

reduce grid 
dependence and 
increase energy 

autonom
y.

Co- location w
ith 

industrial partners 
enhances effi

ciency 
and low

ers CAPEX &
O

PEX.

Co- location w
ith 

industrial partners 
enhances effi

ciency 
and low

ers CAPEX &
O

PEX.

Business m
odels 

should prioritize 
shared 

infrastructure and 
circular econom

y 
strategies.

H
ydrogen hubs 
benefit from

 
industrial sym

biosis
through cost 

reductions, energy 
sharing, and new

 
revenue stream

s.

Circularity 
 H

ydrogen production 
by- products (oxygen, 

heat, CO
₂) can be 

repurposed, reducing 
w

aste and im
proving 

econom
ic returns.

Policy support, 
carbon pricing, and 

regulatory 
incentives are 

essential to scale 
industrial sym

biosis
for hydrogen hubs.

D
ynam

ic pricing
D

em
and 

response low
ers 

electricity 
expenses and 
enhances grid 

flexibility.

AI and blockchain 
technologies enable

real- tim
e energy 

optim
ization and 

secure transactions.

Supportive policies 
and flexible pricing 

m
echanism

s are 
crucial for hydrogen

hub success.
M

ulti- hub energy- 
sharing m

odels 
optim

ize 
resource use and 

m
axim

ize 
profitability.

M
ulti- hub energy- 

sharing m
odels 

optim
ize 

resource use and 
m

axim
ize 

profitability.

Policy and 
investm

ent 
support are 
essential for 

scaling hydrogen 
hubs.

Adoptation
U

ser adoption rem
ains

a barrier—
 sim

plifying 
participation and 

autom
ating energy 

trading w
ill accelerate 

m
arket grow

th.

Transparency/ carbon m
arket

Blockchain, AI, and 
sm

art contracts 
enhance 

transparency and 
effi

ciency in local 
energy m

arkets.

Regulatory reform
s 

are necessary to 
create a supportive 
policy fram

ew
ork 

for decentralized 
energy trading.

D
ynam

ic pricing 
m

odels, carbon 
credits, and long- 

term
 contracts 

im
prove financial 

stability.

D
ynam

ic pricing 
m

odels, carbon 
credits, and long- 

term
 contracts 

im
prove financial 

stability.

H
ybrid m

arket 
m

odels com
bining 

P2P trading &
 

aggregator- driven 
flexibility services 

are ideal for 
hydrogen hubs.

G
overnm

ent 
subsidies, EU

 
funding, and private

investm
ent are 

critical to m
aking 

hydrogen 
com

petitive.

Long- term
 policy 

stability and 
financial incentives 
w

ill determ
ine the 

success of large- 
scale hydrogen 

hubs.

G
rid congestion and
lack of hydrogen 
storage are key 
bottlenecks that 

m
ust be addressed.

G
rid congestion and
lack of hydrogen 
storage are key 
bottlenecks that 

m
ust be addressed.

International best 
practices (G

erm
any,

France) should be 
adopted to 
accelerate 

electrolyser 
deploym

ent.

Electrolysers can 
significantly 
im

prove grid 
stability by 

absorbing excess 
renew

able energy.

Policy support &
 

financial 
incentives w

ill 
determ

ine large- 
scale adoption.

AI- based energy 
m

anagem
ent &

 
IoT w

ill be crucial 
for operational 

effi
ciency.

AI

Long term

Long- term
 

scalability &
 

decarbonization 
potential m

ust be
incorporated into
the hub design.

Long- term
 

scalability &
 

decarbonization 
potential m

ust be
incorporated into
the hub design.

H
ydrogen hubs 

m
ust be built near 

m
ajor industrial 

dem
and centers to 

ensure econom
ic 

viability.

Pow
er- to- G

as 
(P2G

) &
 m

ulti- 
energy system

s 
are essential for 

renew
able energy

storage.

H
ydrogen hubs 

m
ust integrate 

m
ultiple energy 

sources &
 carriers 

(electricity, 
hydrogen, district 

heating).

G
rid constraints 

lim
it effi

ciency, 
requiring local 

trading m
arkets 

to optim
ize 

transactions.

Cooperative gam
e 

theory ensures fair 
benefit distribution 

am
ong energy 

hubs.

Stable carbon 
pricing and 

incentives are 
necessary for long- 

term
 financial 

sustainability.

Infrastructure 
investm

ent in 
hydrogen &

 CO
₂ 

transport w
ill low

er 
costs and im

prove 
scalability.

H
ydrogen hubs 

m
ust integrate 

both energy and 
carbon m

arkets 
to m

axim
ize 

profitability.

Ensure long 
term

 policy 
and m

arket 
support

D
evelop 

industrial 
partnerships

O
ptim

ize 
for local 
energy 

exchange

Align w
ith 

renew
able 

energy 
grow

th

Business m
odels 

should focus on 
shared storage, 

energy- as- a- 
service, and local 

trading.

Business m
odels 

should prioritize 
shared 

infrastructure and 
circular econom

y 
strategies.

Stakeholder collaboration

Acceptance
and 

adoption 

use 
stakeholders 
for validation

Sharing of 
know

ledge 

m
ulti faceted 

system
s, benefit 

from
 collaborative 

planning to ensure 
that investm

ents, 
infrastructure is 

w
eel coordinated. 

There a re alot
of diff

erent 
stakeholders, 
alignim

ent is 
needed. 

Appendix C: Interview Insights Clustering



Appendix D: Cross case comparison table energy hubs



Appendix D: Arup projects analysis













Appendix E: PESTEL Trend Analysis













Appendix F: Workshop Miro Board
Scenario 1
DSO as a Facilitator of Coordinated Flexibility

EH collective develops long term plan

DSO offers curtailment terms

Commissioning (pilot phase)

DSO monitors grid constraints and gives 
updates on tariff discounts and compensations

EH communicates plan with DSO

Revenue stacking by EH EH calculates 
revenue

Scenario 2
Market driven EH integration (EH- led flexibility)

Action by both DSO and energy hub

Action by DSO

Action by Hub

Task 1
Grab and rearrange the brackets, add requires 
actions and make arrow connections. please say 
aloud what you are doing and what you think.

Fill in

Fill in

Fill in

Future needed 
capacity

Business case 
(needed revenue)

DSO identifies and shares expected future 
congestion areas

DSO communicates available capacity 
associated tariffs

EH develops long term plan

Risk & cost 
allocation

Capacity allocation 
(how much and 

when?)

Business case based on 
financial compensation 

from DSO

DSO confirms plan and arrangements

Commissioning (pilot phase)

Monitoring by DSO

DSO can adjust 
framework EH adjusts 

strategy

Fill in if you think the 
scenario is viable/ 
feasible/ desirable

Fill in if you think the 
scenario is not viable/ 

feasible/ desirable

Task 2
Copy the post its, and fill in the table, in each row per 
scenario, what you think about the viability/ feasibility and 
desirability. Add notes with the yellow post its.

Notes

investieringshorizon voor 
hub partijen is onduidelijk, 

als de congestie na een paar 
jaar wegvalt dan kan de 
business case insorten

Viability

Feasibility

Desirability

Does this scenario offer a sustainable 
solution over the long term for all 
stakeholders?

Would your organization benefit from 
this scenario? How?
Does this scenario align with broader 
energy transition goals?

Is it realistically possible to implement 
this scenario today?
Are the required technologies, 
capabilities and resources available to 
make this work?

Scenario 1
DSO as a Facilitator of Coordinated 
Flexibility

Scenario 2
Market driven EH integration (EH- led 
flexibility)

*space for ideation*

hoeveel er nog is, als er 
onvoldoende capaciteit is 
dan kijken naar hoe we dit

kunnne oplossen. naast 
afspraken onderling, 

welke middelen kunnen 
we inzetten om het verder

te brengen. 

afweging moet gemaakt 
worden

als er lokale 
opwek nodig is 

moet dat wel op 
het moment dat 

de vraag er is 

monitoren voor 
langere termijn, 
voorspellende 

monitoring, real 
time monitoring 

is a must

bedrijven willen toegang tot het net, en krijgen 
het niet of niet volledig

Hub- partien 
investeren alleen 
als het probleem 
langer dan een 
paar maanden 

bestaat.

business case 
kan gemaakt 

worden op 
landelijke prijzen 
of vermogen uit 

het net halen

Doel moet zijn
om de 

toegang naar 
het net te 
vergroten

business case 
hanft af van 
de toegang 
tot het net

Als er geen 
congestie zou zijn

zou dit model 
altijd gekozen 

worden

onzekerheid 
hoeveel vrijdheid 

er blijft om te 
handelen als 

restricties 
strenger worden

Congestie vermijding en
systeem efficienyie 

ondersteunt opwek van 
hernieuwbare energie 

Dso heeft 
rekencapaciteit nodig 
voor realtime sturing

investeringen vanuit 
hub hangen af van 

langere termijn 
contractzekerheid

risico op conflict 
tussen winst en 

netstabiliteit

bedrijven kunnen de 
assets aanleggen 

maar alles eromheen 
nog niet



Scenario 1
DSO as a Facilitator of Coordinated Flexibility

EH collective develops long term plan

DSO offers curtailment terms

Commissioning (pilot phase)

DSO monitors grid constraints and gives 
updates on tariff discounts and compensations

EH communicates plan with DSO

Revenue stacking by EH EH calculates 
revenue

Scenario 2
Market driven EH integration (EH- led flexibility)

Action by both DSO and energy hub

Action by DSO

Action by Hub

Task 1
Grab and rearrange the brackets, add requires 
actions and make arrow connections. please say 
aloud what you are doing and what you think.

Fill in

Fill in

Fill in

Future needed 
capacity

Business case 
(needed revenue)

DSO identifies and shares expected future 
congestion areas

DSO communicates available capacity 
associated tariffs

EH develops long term plan

Risk & cost 
allocation

Capacity allocation 
(how much and 

when?)

Business case based on 
financial from DSO

DSO confirms plan and arrangements

Commissioning (pilot phase)

Monitoring by DSO

DSO can adjust 
framework EH adjusts 

strategy

Fill in if you think the 
scenario is viable/ 
feasible/ desirable

Fill in if you think the 
scenario is not viable/ 

feasible/ desirable

DSO:

Task 2
Copy the post its, and fill in the table, in each row per 
scenario, what you think about the viability/ feasibility and 
desirability. Add notes with the yellow post its.

Notes

Viability

Feasibility

Desirability

Does this scenario offer a sustainable 
solution over the long term for all 
stakeholders?

Would your organization benefit from 
this scenario? How?
Does this scenario align with broader 
energy transition goals?

Is it realistically possible to implement 
this scenario today?
Are the required technologies, 
capabilities and resources available to 
make this work?

Scenario 1
DSO as a Facilitator of Coordinated 
Flexibility

Scenario 2
Market driven EH integration (EH- led 
flexibility)

*space for ideation*

DSO 
should 
provide 

data

Might 
happen: give 

everything 
they need for 
EH formation

- 
Mightnot
happen

Group
limit

Limiting of 
now method: 
is not looking 
onto future 

palns. 

Risk 
allocation 

is still 
discussion

Future will be 
combination of firm 

part and non firm, or 
flexible part (GOPACS)

Future will be 
combination of firm 

part and non firm, or 
flexible part (GOPACS)

More based 
on 

stappenplan 
now. 

Right now 
all up to 

EH. Groep 
TO. 

Gop
pric

EH:
easy to 

understand, 
and know what 
they are getting

EH: lots of 
unclarity.

Might have
already  

DSO: with 
good 

appointmetts 
made it is 
desirable. 

Problem: 
lower 

capacity than
expected. 

Capacity of
network 

architect. 

DSO as facilitator,
DSO does not 
have products 

ready. We are not
able to use data. 

NO:
contracts are
not there yet

DSO limits 
calculation 
methods

- Data qualtiy
- Data availability

- contracts arent ready
- Payment and procurement

M i i h ill DSO l b ?



Appendix G: Workshop Presentation















Appendix G: Workshop hydrogen specific slides






