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1. MANAGERIAL SUMMARY

- Sustainable and zero-emission practices

- The ground power unit (GPU) is one of the ground support equipment that can be
considered as a significant source of carbon emissions in airports since they are
responsible for about 10% of the total emissions (Dube & Nhamo, 2019; Balli & Calliskan,
2022).

- Hydrogen transition

- Alongside analyzing the environmental impacts of this transition, it is important to
evaluate its economic impact since hydrogen technology deployment in GPUs
necessitates establishing a robust infrastructure, substantial investments, and operating
costs.
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1. MANAGERIAL SUMMARY (CONT.)

- Benefits and barriers of h-GPUs

- This project aims to explore the feasibility and
the grounds for the implementation of hydrogen
solutions for GPUs
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THE SPECIFIC TASKS AND OBJECTIVES OF THE PROJECT

N\
‘ Conducting a LCA to analyze CO, gains of h-GPUs.
\
‘ Development of a cost-benefits model to evaluate the economic impact of the transition
to h-GPUs.

\

Analysis of operational, economic, legal and regulatory, technical, safety barriers for
the transformation.

/
Determining the learning points in the transformation to h-GPUs for regional airports
here and beyond to facilitate replicability in other regions.

/
Proposing recommendations to support policy, stakeholders enhancing knowledge, and
facilitating further research.
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Stakeholder Collaboration in an Airport Hydrogen Ecosystem: Investigation of

Barriers and Design Advice
Case study at Groningen Airport Eelde

Y5 university of
groningen



CONTENT

Objective

B
ife
f. *

Methodology
(. Findings
Y= Discussion

#_  Conclusion

e

," GROMNINGEN AIRFORT EELDE

/ HILETTCY - Y university of
' Morth Sea Region Ll i
st oparars Weegeorval Dt agersens] Furs] ELIRCFEAN U0l ﬁ‘ F '__)' grﬂnlng'&n




Objective

o Whatare stakeholder cooperation possibilities for an airport hydrogen
ecosystem?
o Whatare the barriers and design recommendations?

H2 HYDROGEN ECOSYSTEM
GRONINGEN AIRPORT EELDE

Summary

o Investigation of stakeholder roles,
expectation and barriers

o Design advice of managers and
policy makers




Methodology

a Case study at Groningen Airport Eelde
1 16 interviews

a 22 stakeholder categories

1 Technology providers, politics, industry, society etc.
1 Validity and triangulation: various categories
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Findings

2 Hydrogen economy
1 Promising but uncertain
1 Applications?
1 Batteries or electricity not possible
o Business model
1 Economies of scale
1 Refueling station
O Transport and heating
o Collaboration

1 Entire supply chain realisation
1 Subsidies on supply chain level

o Decentralized or centralized system
1 Grid regulations



Findings

1 Economic barriers
1 High investment and operational costs
1 Feasible business model
o Technical barriers
1 Lack of infrastructure, skills and applications
1 Not enough people and manufacturers
o Political barriers
1 Lack of regulations and standards
1 Government knowledge —> Municipality level
1 Complicated procedures
o Social and environmental barriers
1 Lack of public knowledge
1 High acceptance hydrogen

1 Airport resistance
3 Financial, noice, pollution



Discussion

o Economic
1 Decreasing costs future
1 By 2040, FCEVs feasible
o Technical
1 Strong dependence on economic barriers
o Political and regulatory
1 More government support needed
1 Foster market development and mitigate uncertainty
d Municipality level
o Social and environmental
1 Social acceptance controversial
1 Sustainability helps to gain support
1 Communication, openness, transparency, participation



Conclusions and Advice

o Hydrogen is promising, but there are significant challenges
1 Various interdependent barriers

o Until 2030
Focus battery electric GSE
Infrastructure development
Subsidies and government support
Clear regulations
Communication and social acceptance
o Until 2050

1 More FCEVs

1 Electricity and hydrogen flying

1 Hydrogen grid pipelines

1 Social acceptance

ooodo
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Replacing diesel-powered GPUs with hydrogen-powered GPUs

A study investigating the environmental impact of those GPUs and their supply chains
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Fuel statior Diesel GPU Aeroplane

Renewable energy Electrolyser Storage tank hydrogen GPU Aeroplane

university of
groningen

'J"’ EEEEEEEEEEEEEEEEEEEEE ll-l:-"rl'Eb m .E!
' North Sea Regio

What Is the
environmental
Impact of a
hydrogen or diesel
GPU and thelir
supply chains?
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METHODOLOGY

LIFE CYCLE ASSESSMENT

LCA Diesel Supply Chain

System boundary

Raw material
extracthon Use Phase

- my
Fueal station Fuel station SL

d-GPU production

Production

Y

Burning diese

Raw material _
extraction Production
Electrolyzer - Use Phase
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fuelling fuelling
station station
L
h-GPU production
Raw material Use Phase Waste Environmetnal
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LCA Hydrogen Supply Chain
System boundary

e

) : Use Phase Waste Environmetnal
Raw malierlal Production d-GPU scenario ML impact
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METHODOLOGY

SCENARIO DEVELOPMENT

Scenario’s Hydrogen Supply Chain

Electricity

Percentage of

Scenario: Diesel per Diesel per pleselper yvear Capacity Transport per
year (M) storage year

1 flight a . . R

daﬂ,-'h 42 kg 15330 kg 654591 MJ 294 kg 2981,16 thm

3 flight

davg *2 126 kg 45990 kg 1963773 MJ 882 kg 8963,76 thm

5 flightsa |, . ‘ - i ‘

dav 210 kg 76650 kg 3272955 MJ 1470 kg 14905,8 tkm

10 fhghts

dav S 420 kg 153300 kg |6545910 MJ 2940 kg 149058 thm

15 flights

.:1;- ehts a | o0 kg 229950 ke [9818865MI 4410 ke 447174 thm

Scenario: H2 per Capacity needed from Capacity the solar farm E.‘apnciry
day electrolyser the grid solar panels GAE Storage
:ht::,igm Y ofiske  [375kW o [sedkw 200kW  |1.1% 31 kg
int;ights 45 ke 112.5kW (2592 kW 599 kW 3.2 % 02 kg
;at}]:lghts y 75 kg 187.5 kW 4321 kW 000 kW 5.4 9% 153 ke
:{S}rﬂights Tl1sokg  [375kW 8641 kW 1998 kW |10.7 % 305 kg
é:yﬂighm 1225k [s62.5kwW  [12062 kw 2998 kW [16.1% 457 ke
/4] GRONINGEN AIRPORT EELDE ierreg m —.?"F% imiversityof
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FINDINGS

GPUs COMPARISON

* Oneyear d-GPU:41,170kg CO2-eq
» Generating set contributes the most

* Oneyear h-GPU: 3,900 kg CO2-eq
* Fuel cell contributes the most
* Hydrogen storage higher

GWP than diesel storage

L generating set

.” GROMNINGEN AIRFORT EELDE

' HmiILeIrey
' North Sea Region

A

I

fel cell
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GWP GWP
(x1000) (x1000)
generating set | kg COx-eq 40.47 | fuel cell kg CO:x-eq 2.89
diesel storage | kg CO;-eq (.06 | storage kg COs-eq 0.19
converter kg COy-eq (.40 | converter ke CO»-eq 0.40
packaging kg COs-eq 0.20 | packaging kg CO»-eq 0.20
wasle
management kg COs-eq (.04 | battery kg COs-eq 0.12
waste
management | kg CO,-eq 0.11
total kg COy-eq 41,17
total kg COx-eq 3.90
d-GPU vs h-GPU
= d-GPU
= b.GPU
storage ccm'; ].1_"12?.11: Battery 11.';5.‘.$1n3_:emeﬁt total
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d-GPU

GWP GWwWp
Unit (x10.000) (x10.000)

FINDINGS

SUPPLY CHAIN COMPARISON i%ii?ﬁ'_l;‘] pmd}lcliun ke L:(’.l:-cq 3.45 | solar park ke 'L:{J:-cq 3.88
fueling station kg COs-eq 0.004 | electrolyser kg COs-eq (.29
d-GPU ke COs-eq 0.16 | fueling station kg COs-eq (.65

« d-SC: Transporthighest GWP
transport kg CO2-eq 143.23 | h-GPU kg COx-eq 0.02

* Productionof dieseland burning of diesel
also significantly contributing to the GWP

* h-SC: Solar park highest GWP (79% of the burning diesel kg COz-eq 31.33 | Water usage kg CO2-eq 0.06

GWP of the entire supply chain) waste management | kg CO2-eq 4.00 | waste management | kg COz-eq 0.01
. E_|e(;t_ro|yserand fuelllng station also total kg COs-eq 182.43 | total kg COs-eq 4.90
significantly contributing to the GWP _
h-GPU
60000
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o
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O
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oo 30000
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__EE 20000
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DISCUSSION

- The GWP of the d-GPU is 10.4 times larger than the GWP of the h-GPU. The

supply chain of the h-GPU is favoured over the supply chain of the h-GPU.
Additionally, the more flight leaving the more favourable the h-SC becomes.

- Improvement points h-SC: electrolyser, solar park and storage facilities.
- Electrolyser: Large scale production
- Storage facilities: centralised storage. However, this lead to extra GWP due to

transport

- Solar park: Reconsidering material choice. Literature proposes organic PV panels

Instead of multi-junction silicon panels

- Other ways to reduce the GWP per year: increasing lifetime and performance of the

supply chain components

- Take a closer look at the recycling of the components. Keep the recycling in mind

while designing products.

HILETTCY - 7y university of
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Economic Effects of Sustainable Energy Supply at Regional Airports:

The Transformation Towards Hydrogen Ground Power Units (HGPUs) at Groningen AirportEelde
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N CapExy;
y=0 (1+41)¥

METHODOLOGY . REl@ — R;Iectricity_*_ R;ydrugen

COST AND BENEFIT ANALYSIS + SIMULATION MODEL

- TCy = X + OpEx,; + COE,

N REVy,— OpEx
- NPV = —CapEx + Y - :
P y=0( 1+ nrY )
Input/ Output/
Supply Demand
Temia
Parameters Descriptions
e Hydrogen (H)GSE =
] Smmrc:E Tank Ty Annual total cost in year y
(Refuelling (HIGPU REV, Annual generated revenues in year y
sm"“"]‘ ConactSand ] NPV Net present value of the investments
PV |‘— N Project life cycle and service time of the energy devices (25 years)
_ —j Electrolyzer | Yy Year in the life cycle
solar irrandiance co, r Discount rate
kel il i Energy devices: GPU, HGPU, HST, electrolyzer, and PV
CapExy, Annual capital expenditures for the energy device i, excluding PV, in yeary
OpExy Annual operational expenditures for energy device i, in year y
COE,y Annual cost of energy for hydrogen, electricity, and diesel in yeary
Rff““”"”’ Annual revenue generated from selling excess of solar energy in yeary
- R;J"“”’Q“’” Annual revenue generated from selling excess of hydrogen in year y
”’ GRONINGEN AIRPORT EELDE i i ILE' '_ E-s -.- - universit]r Df
(4 NelnIS2T, S g ,  gTOMingen o5




METHODOLOGY

SIMULATIONAND COST MODEL

In scenario A, demand has doubled In size.

In scenario B, a carbon tax is introduced on the emitted
carbon.

In scenario C, demand has doubled, and a carbon tax is
Implemented on the emitted carbon.

>
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FINDINGS

BASELINE

» Total capital investment required for the h-GPU is €200.000, whereas this stands at €85,000forthe d-GPU. If we considerthe
entire hydrogeninfrastructure equipment, the total capital investment amounts to €1.2 million.

« The h-GPU may have higher energy costs, but it requires less maintenance costs during its lifetime than the d-GPU.

* The COE for the h-GPU is €143000, whereas this is €79,000 forthe d-GPU since the per unit costof hydrogenis higher than

the per unit costof diesel at the infancy stages of hydrogen economy.
« Hydrogen sales make up 46% of the overall revenue, while electricity sales constitute the remaining 54% for the h-GPU. The

hydrogen production costis predictedto be €5.97 perkg.

£ 1.0

h-GPU d-GPU

Millions

= Maintenance cost COE = Maintenance cost COE

P = - - = - — = - - . SR O & =R |
s =1 = ""_I | ""_I = ""_I = ""_I o '“'_I = .-__ 1 .-_: P f_: '“'_I /_; '“'_I =5 '“'_I = '“'_I

," GROMNINGEN AIRFORT EELDE

' HILeIrey
' North Sea Region

150 Cpparare Wmgeewrusl [l sy ELIRCFEAN L

w s university of h-GPU Profit Md-GPU Profit
@I groningen
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FINDINGS

Scenarios

Scenario A: Doubled Demand

Scenario B: Carbon Emission Tax

Scenario C: Doubled Demand and Carbon Emission
Tax

Change in Net Present Value

Net Present Value / Millions

S

The total cumulative revenue for the h-GPU and d-GPU is €8.3 million and €5.5 million, respectively.
Specifically, the NPVs of the h-GPU and d-GPU are approximately €1.2 million and €2.7 million, respectively, indicating a

difference of 55%.
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FINDINGS

-The advantages of economics of scale, by doubling demand,
leads to a drop in the unit cost of hydrogen from €5.97 per kg to
€3.80 per kg.

-The cost for the d-GPU increases due to the implementation of
the carbon emission, causing for a lower NPV.

‘H-GPU gains a market opportunity when demand is doubled as
the NPV is a 22% higher than the d-GPU. Additionally, when
carbon emission tax is implemented and demand is doubled the
difference NPV increases to 63%.




DISCUSSION

* Sensitivity analyses
-electricity price,
-carbon tax,

-the diesel price.

* In conclusion, the results show that deploying a h-GPU system at an airport can lead the
path to important market opportunities, particularly when considering increased flight
frequencies and the adaptation of the carbon emission tax regulations.

* Transitioning to h-GPUs can be considered under adequate hydrogen demand that can
stem from both airside and landside operations.
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DISCUSSION:

RECOMMENDATION

Technological advancements in hydrogen to reduce the high investment costs associated with
this technology, by implementing tax incentives, subsidies, loans, and grant programs.

Training programs to provide the necessary skills and knowledge
Provide supportive policies to facilitate the formation of hydrogen hubs
Ensure the generated hydrogen is carbon-neutral and minimize conversion |loss.

Electrolyzer efficiency
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