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The Energy Quadrilemma

Economic
Viability

TRANSITION

ENERGY \

ESA UNCLASSIFIED - For ESA Official Use Only

[ ] I I —— [ ] + I I = I I I @
— B — — . — ©)
— HE = = - B - ?

— | i [+l » THE EUROPEAN SPACE AGENCY



What i1s energy resilience?
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What i1s energy resilience?
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What i1s energy resilience?

DEFINITION: The ability of an energy
system to recover from adversity
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Solutions In energy centralised systems

AIM: Non-negotiable systems must remain

operational 24/7 with a “critical load"” — or the TRADITIONAL SOLUTIONS:
energy load that must be always available

Backup generators, typically operate on diesel fuel.
Technically and economically feasible.

Microgrids, on-site generation technology
(solar/wind/backup generators) energy storage, and
energy resilience hardware and controls.
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Renewable energies: energy supply delocalisation

DELOCALISATION: Energy sourced from DIVERSIFICATION : Energy sourced from
multiple locations and times different “secondary” sources

)
j:’i: Wind

Biomass mmV I
Solar

Geothermal [
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Renewable energies: prosumers

PROSUMERS: Producers + Consumers of energy
through PV panels, wind energy.
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Renewable energies: storage

STORAGE: A strategy to overcome variability of
renewable sources, but also power supply

Generation as % of installed capacity
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http://www.marklynas.org/wp-content/uploads/2011/05/ccc-variability.jpg

Energy vectors: electrons vs molecules

Oil
Natural gas
Liquified Petroleum Gas
Biofuels

Ammonia

Hydrogen

Liquid Organic Hydrogen Carriers

~——

ELECTRONS MOLECULES
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The Energy Quadrilemma: Renewable Energies

Use Of Renewable Sources Available Energy Supply
Reduce, Reuse, Recycle Diversification of energy sources
Life Cycle Assessments Transportation

Water / Food Energy Nexus Seasonal storage

ENERGY Economic
Viability

TRANSITION

Energy p_overty Access to market
Community empowerment Scale up economies
Citizen juries CO2 taxing
Remote location Levelised cost of energy
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The system approach

ENERGY

TRANSITION
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The system approach: the UK

Onshore CO, emissions
15 largest UK emitters (areas with 30km radius)

ey

SCCAR PONTT ENERGY

WoS electrification ; » ._,t'f'

&

mtCO, pa

30 10

Source: NAL) 2019 dota, OGA analysis

AXCR

Northern Horizons @#
10GW floating wind

HORIZONS

Green hydrogen, synthetic fuel, ammonia

DNV

oquncr

ORION @@@ ¥ ¥ o

Shetland renewable energy hub

Flotta H2 Hub

Note: tota! CO2 emissions on the map

A RIDG Mgw e FES C’}.s
account for co. 186 meCO, (~40% of UK total) 4 =
“
N T e 4"
Acorn @@ M CNS/OMF electrification 8
2 Mtpa mid 2026 (with blue H2); STOREGGA O @ :'g cnooc E?;‘,’s\',"r
7 Mtpa by 20 -
Re-uses existing infrastructure === Energy
~ East Coast Cluster (Teesside, Humber and NEP)(@)@ .l
Hynet @@z 2;Codcm ', 4 Mtpa from 2026 O = @ v~ O
, L 10+ Mtpa by 2030 o & =
1 Mtpa from mid 2025; sz - ’
: RO 3.3GWe hydrogen production capacity
34+ Mtpa by 2030 (with blue H2)
Re-uses existing infrastructure V Net Zero (Humber) .‘C’.\.) E'E bg::lg;'r

3.6 Mtpa from 2027
11 Mtpa by 2030
Re-uses existing infrastructure

Offshore net zero projects (ongoing)
D CCS licences

C—J Further projects

@® ccs

@ cCS /Blue H2 c’}_; Re-use/repurposing

® Green H2
Electrification

N
Bacton Hub @@® ¥
Early stage, potential for H2
supply into London area

| 82 Oil & Gas Authority

; Windpower integration

ESA UNCLASSIFIED - For ESA Official Use Only

i

- 4 11

NILA
- = I SR

] i 1+l » THE EUROPEAN SPACE AGENCY



The system approach: HZ in the UK
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The system approach: hydrogen in Scotland
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The Aberdeen ecosystem

Aberdeen Renewable Energy Group
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The Aberdeen ecosystem
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Digitalisation and energy transition
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Digitalisation and energy resilience

Satellite Internet Innovation at UoA (Present & Past projects)
ESA QUICOPTSAT: New internet transport for satellite
SatNex: Enabling path-awareness over satcom

ESA MTAILS: Mitigation techniques addressing satcom Latency
EC H2020 projects: RITE, NEAT, MAMI, MONROE-PREC

Industrial Partners

Avanti Communications, Inmarsat, Thales-Alenia Space,
EADS Astrium, Mozilla

Current IETF standardisation for Satcom EADS
Careful Resume (draft-ietf-tsvwg-careful-resume) Th
aIesAIema
ACK frequency frame (draft-ietf-quic-ack-frequency) AIRBUS Space
QUIC BDP frame extension (draft-quic-bdpframe) ~—_— DY

Firefox inmarsat
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Digitalisation and energy resilience

Energy Monitoring Systems: Next-Gen challenge
EU action plan “Digitalising the energy system” (Oct 2022)
69 projects founded under EU HORIZON “Energy Systems and Grids”
UK leading R&D with £1B allocated to Renewable Energy projects

Execution in real time
scripts (HO modelling)

Real time emulation model Bl
for LEO system (AINE + Nsa)] :D, R = Subj(c':t:;:ﬁ::;::uon

Real time emulation model 4}. = KPls measurements
for MEO system (AINE + NS3) %t (emulation report)

Real time monitorin; g

~ E Emulation
test campaign

Real time emulation model 'ﬂ,
for GEO system (AINE + NS3) =hi

Data Collection: Key to Efficiency
Describe energy source/availability
Identity energy waste
Identify methods for sharing Energy data
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Satellite Networks for Efficiency
Satellite networks for vast territory management
Managing dispersed networks remotely
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Digitalisation and natural resources
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Conclusions

Energy resilience is the ability of an energy system to recover from adversity and is part
of energy security.

The use of renewable energies promotes decentralised systems and grids, and energy
resilience.

The energy transition can benefit from resilient systems, and vice-versa.

Digitalization will help integrate energy systems, and reach resilience, but can be part
of the challenges.
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