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• Four evidence-based white papers are being produced over 4 years by the H2FC Hub

• “The role of hydrogen, and of fuel cells, 
in delivering energy security for the UK”

• Interdisciplinary Team from UoB/UCL:
– Robert Steinberger-Wilckens – project lead
– Paul Dodds, Jonathan Radcliffe – senior leads
– Tsang-I Tsai, Owain Jones – junior contributors
– Zeynep Kurban – policy contributor

• Aimed at informing key stakeholders, especially policy makers, of the roles and 
potential benefits of hydrogen and fuel cell technologies for energy security

• Launch event 27 Oct. 2016, 14:00 – 18:00 h, City Hall London

• presentations at various conferences and fora

White Paper
and the SUPERGEN H2FC Hub
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Executive summary

• Chapter 1: Introduction

• Chapter 2: Energy Security Definitions

• Chapter 3: Hydrogen

• Chapter 4: Fuel Cells

• Chapter 5: Resource security

• Chapter 6: Resilience of energy supply systems

• Chapter 7: Energy scenarios

• Chapter 8: Policy implications

• Chapter 9: Conclusions

White Paper structure
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• Many definitions use the four As of energy security:
– Availability (presence of fuel), 

– Accessibility (geopolitical consideration), 

– Affordability (economic aspects) and 

– Acceptability (environmental/societal elements).

• Also important: different timescales and potencies of threats
– Stability, 

– Durability, 

– Resilience and 

– Robustness of the energy system.

Energy security definitions 
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Energy security definitions (2)
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Cherp & Jewell 2011

reliability

accessibility

Energy security definitions (3)
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IEA:

“the uninterrupted physical availability at a price which is 
affordable, while respecting environmental concerns” 

World Energy Council:

accessibility of affordable energy for all, availability in terms of 
continuity of supply and quality and reliability of service and 
acceptability in terms of conformity to social and environmental 
targets

reliability / risk accessibility / cost

quality / risk

accessibility / cost reliability / risk

quality / risk



• resilience measures over the short (year length scale), 
medium (up to 2020) and long terms (up to 2050): 
- quantifying risk of disruption 
- including ‘unconventional’ effects ranging from natural 
disasters (e.g. flooding) to terrorist attack 

- quantifying the impact on the overall energy system

• interdependence of gas and electricity supply networks 
as risk to the overall energy infrastructure

• energy efficiency levels as exposure to (international) 
energy market dependencies

Energy security metrics
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• reliability of energy and gas networks:
replacing and upgrading infrastructure to deal with 
increasing amounts of intermittent supply along with 
decentralised supply

• international resource and political dependence on 
energy imports

• carbon intensity of UK supplies to measure the 
dependence on international fossil fuel markets

Energy security metrics (2)
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• Total energy use (level of demand that needs to be met)

• Energy dependence of the economy (vulnerability to 
energy disruptions)

• Hydrogen generation & storage capacity, and diversity of 
hydrogen generation

• Capacity margin (elasticity) of the electricity system

Energy security metrics (3)

Additional factors that may be used:
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Analysis of the vulnerability of the energy supply systems 
to political events, market volatility, and malevolent 
interferences:

– electricity grid

– natural gas grid

– transport fuel supply

under reliability of supply aspects

Resilience
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Distributed Energy Systems

Source: www.renewablesinternational.net

Power Reliability in UK

Source: www.renewablesinternational.net

• HV transmission lines (National Grid) are very reliable
(99.99998%)

• Problems on generation and low voltage distribution side
(power plant outages and damage to LV lines)

• Issues with power generation equipment

• Roadworks, earthworks, flooding, lightning strikes, 
insufficient maintenance etc.



Power Outage Incidents in UK

Source: www.renewablesinternational.net

• Power generation -
May 2008 incident: 
Sizewell B & Longannet tripped within 5 minutes 
= 1.5 GW loss of power, resulting in 49.2 Hz grid freq.

Subsequent tripping of wind farms and landfill gas sites due 
to sudden frequency change (adhering to grid code)

• Problems on LV distribution –
Aug 2003 incident: 
10% of London w/out power due to damage to transformer

Energy security and risk

14

Defining: security as the absence of risk

Basic concept: risk minimisation

Minimal risk will lead to security maximisation

Also considering:

Security = absence of risk

Securing = gaining access



Define study goals
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De-risking the energy system through employing fuel cell and 
hydrogen technologies

• decentralisation will potentially increase the security of 
supply 

• role of fuel cells and hydrogen in decentralising the 
electricity supply to be mapped

• contribution of hydrogen and fuel cells to making the 
energy supply more resilient and more reliable

Effects of Decentralisation
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Probability of failure of a system component  P(A)

For independent incidents:

P = P(A) P(B)

If P(x) = 10-3 (e.g. 100 hours per year) = 1%, availability 99%

For two installations total failure will be

P(x) = 10-6

reducing the probability of loss of the complete system



Conventional Electricity System

transmission grid

Consumption

Production

Production

Consumption

Source: Lappeenranta University

availability ~90%

reliability >99.999%

distribution grid
reliability ~99.9%

Decentralised Electricity System

Grid Node

Consumption

Production

Consumption

Grid

Dec. Production

Dec. 
Production

Source: Lappeenranta University



Distributed Energy Systems (2)

Grid

Power balance 
inverter

Battery

Solar inverter

FC inverter

Loads

Source: Lappeenranta University

increased resilience and control
caveat: interdependence of 

infrastructures, grid codes

Resilience (2)

By implicitly decentralising the energy supply system, 
FCH2 technology can

• reduce the risk of natural disasters paralysing a society

• reduce the risk of malevolent interference with general 
public infrastructure (hacking, terrorist attack)

by securing the energy supply at a local level 
independently of the larger supply networks.

Indirect impact of FCH2 may outperform the impact on the 
energy system itself:
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• Reduce energy dependency:
– Potential to reduce oil dependency in the transport sector, and gas 

dependency in residential heating 

– Can aid with grid balancing by storing excess energy from 
intermittent renewables

– added fuel choices

• Increase energy system flexibility:
– Can be produced from a variety of fuels, enabling diversity of 

primary energy supply

Resource Security

How could hydrogen change energy security?
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Further Aspects

Affordability:

Potential to supply consumers with energy at ‘reasonable’ 
prices (cost) in the long term = economical security

Need to look at total societal cost (incl. externalities)

Political, societal, and psychological resilience:

Reduce fears and risks to society of major impacts on 
everyday life (reduced insurance costs?)
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Further Aspects (2)

Quality:

Potential to retain quality level of energy supply with 
respect to

- (price)

- risk of grid failure

- voltage and frequency stability

- low carbon economy

Environmental protection/natural habitat security:

Reduce impact of energy system on environment

- reduce risk of short to long term negative impacts
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• Understand the longer-term implications of FCH2 
technologies on UK energy security

• Use the UKTM energy system scenario to build the 
scenarios

• Compare three scenarios
– The existing UK energy system – our baseline

– Low-carbon future energy system without FCH2 technologies

– Low-carbon future energy system with FCH2 technologies

• It is also essential to understand the cost implications of 
improving energy security for these scenarios

Energy Scenarios

24



• UK energy security policies and governance

• Roles and responsibilities of Parliament, Government 
and the regulator

• Potential role and impact of fuel cell and hydrogen 
technologies on policy

• How might the value of FCH2 technologies for improving 
energy security be reflected by government support?

Policy Implications
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…. for your attention!

Thank you

26


