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Net Zero Energy Systems

Strategic consultancy to support conceptual, development and delivery
of net zero energy system projects and engineering.
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Electricity Security Of Supply: Theory

» Electricity system definition is focused on network infrastructure
capacity and resilience under outage conditions (‘N+2’ conditions).

» Security and Quality of Supply Standard (SQSS) v 2.5 for transmission (2021).
» Engineering Recommendation P2/8 for distribution (2023).

Engineering Recommendation P2
Issue 8 2023

Security of Supply

» LOLE metric (Loss of Load Expectation) represents the expected
number of hours per year in which supply is expected to be
lower than demand under normal operation of the system.

(I.e. In the absence of intervention by the System Operator.)

» Both heat and electricity demand are presently reliant on the
natural gas network to provide security of supply...

» Natural gas network is designed to be capable of supplying a
calculated 1-in-20-year peak demand taking account of climate
effects and power generation demand.

National Electricity Transmission System
Security and Quality of Supply Standard

Version 2.5
01 April 2021




SoS In Practice:

» We expect the electricity
system to be desighed to
withstand extreme events.

» And to be quickly returned to
service in the event of any
outages.

» Climate change predicted to
cause an increase in extreme,
unpredictable and
unprecedented weather.

» Storm Desmond 2015.
(RA Eng Report:

Living Without Electricity).
» Beast From The East 2018.

» While the energy transition
also adds complexity.

Living without electricity

One city's experience of coping with loss of power
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Sacred Cows & Received Wisdom
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Social media has surfeit of experts, engineering by ideology and assertion:
Conclusions drawn without taking a whole system perspective are unlikel




1. Capacity Balancing (and Stacking)

Power Generation Capacity Electricity Supplied
» Legacy of fossil fuel based system approach... [. w
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Capacity based representation does not help clarify how intermittency aspects would be addressed.



2. Energy Efficiency / Demand Reduction

> U K energy final Consumption la rge ly UK Final Consumption (TWh) (By Fuel) UK Final Consumption (%) (Normalised Against 1974 Levels)
unchanged since the 1970s. .

» Most significant recent reductions attributed |
to external factors?:

» Financial Crisis (2007 - 2008),
» Age Of Austerity (2010 - 2016);
» Brexit (2016 - date); and

» Covid Pandemic (2020 - 2022). T S N
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» (Easy?) Domestic energy efficiency gains , , —— -
5 . UK Final Consumption (%) (Normalised Against 1974 Levels)

largely cancelled out by inventing new ways |
to consume the energy available?
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Europe misspent business energy savings
funds, auditors say

By Kate Abnett «

160%

140%

Increased mobility inflated transport demand.

120%

100%

Industrial / manufacturing demand reduced. | ..

The EU spent 2.4 billion euros ($2.74 billion) from its budget over 2014-2020 to

60% support energy efficiency in enterprises, including energy audits and measures to cut

EU target is 32.5% reduction by 2030.

20%

energy consumption or energy intensity in industry, services or the public sector.

The auditors estimated that projects backed by that funding achieved 0.3% of the

0% annual savings needed to reach the EU's target to cut final energy consumption by

1980 1990 2000 2010 2020

32.5% by 2030, compared to projected levels.

Based on recent evidence, future sustained
demand reduction is likely to prove difficult? e T

== == Total Consumption Iron And Steel e Other Industry

BEIS Energy Flow Charts




3. Electricity Demand Profile

Drop in demand UK Electricity Demand 2019 (GWh/Day)
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4. Dunkelflaute

» Anticyclone cold-calm periods normal in Western Europe...
..but don’t necessarily present a credible worst case for
future GB electricity system design! \M ﬂ

11 days
T

UK Wind Generation Output 2020/2021

60%

» Increased future variability of (intermittent) electricity | «
production as well as demand: h

» May require greater storage capacity vs present day.

» Increased uncertainty: future climate & extreme weather. k
Hot vs cold and floods vs drought!

b

| =
e |

» Markets don’t necessarily consider security of supply costs. 0%

» SoS requires ability to address aggregate inter-seasonal /
inter-annual mismatch between supply & demand.

» One (or more) mild / severe winters vs high / low wind yield




4. Dunkelflaute

Anticyclone cold-calm periods normal in Western Europe...
..but don’t necessarily present a credible worst case for
future GB electricity system design!

Increased future variability of (intermittent) electricity
production as well as demand:

» May require greater storage capacity vs present day.

» Increased uncertainty: future climate & extreme weather.
Hot vs cold and floods vs drought!

» Markets don’t necessarily consider security of supply costs.

SoS requires ability to address aggregate inter-seasonal /
inter-annual mismatch between supply & demand.

One (or more) mild / severe winters vs high / low wind yield

UK Gov POST Brief Dec 2022 Long Duration Energy Storage:
Estimated Long duration storage: 10s of TWh capacity for
seasonal applications and ~100 TWh for multi-year
applications. (UoB Keeping The Energy System Balanced).

Solar can add diversity to wind and reduce imbalance. But is
seasonally anti-correlated to heat: Eliminating solar could
enable electricity production to better match heat demand?

UK Electricity Daily Demand Variation (2018 - 2021) (GWh/Day)

UK Electricity Daily Renewable Production Variation (2018 - 2021) (GWh/Day)
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5. Energy Storage

» Coal originally provided UK electricit

Almost entirely replaced by natural g
resilience to electricity & heat demanda

» Increased reliance on European gas stora
Italy) since Rough storage closed in 2017.

Multi-vector Energy Diagram for Great Britain TWh per day, Gas in storage is in TWh Total LNG and Storage
I Rough
65 TWh © [ 0 2 I S 11 Gas Total less Exports
60 TWh & & < & & & I Electrical Demand
55 TWh
» Blue filled area is the
% 50.TWh total amount of gas in
T  45TWh Rough is storage including
= the red li Medium T Stol
e © redine (Cavers) LNG o Beast from the east Total
£ = Rough (which shut in gas demand nearly 5000
E b 2018) GWh over a single day
_g 30 TWh
© 25TwWh
<
E 20 TWh UNIVERSITYOF BIRMINGHAM
15 TWh BIRMINGHAM ENERGY INSTITUTE
10 TWh
Underlying data are from National Grid, Elexon and BEIS
5 TWh Figure created by Dr Gra_nl Wilson: i.a._g.wil_son@b_har_n.ac.uk
Energy Informatics Group, University of Birmingham
0 TWh
,,,,,,,,,,,,
7000 GWh/day
6734 GWh/day
NELZEROS Natural gas
Ll ENERGY SYSTEM
= BALANCED Biomass
179 Lot
5000 GWh/day GWh/day p d Hvd
— — 4604 GWh/day umped Hydro
Storage
4000 GWh/day 1458 S| L (PHS)
GWhiday ion
3000 GWh/day _

1444 GWhiday
2000 GWh/day

1000 GWh/day

2018 values

GWh/day

North Sea

day day50 day 100 day 150 day200 day250 day300 day350 Linepack

Intenational  Interconnector Physical Storage
LNG Flexibility

Ranked over year

Daily gas storage capacities in GB Load-duration curve for gas supply in 2018

b) standard scale

1000 2000 3000 4000 5000
UK Energy storage capacity (Gwh)

» Pumped Storage Hydro:
Presently:  3GW / 30GWh
Forecast: 30GW / 300 GWi

» Electric Vehicles:
Under 4 TWh storagt
converting all 33 mill
to EVs with 118 kWh

Energy storage approac

needs to
consider whole syste '

could also b
smaller scale

capable of addressing
& shorter term applications.



6. Electricity Network Expansion

“In 2020 fossil fuels made up 84% of the global energy mix, but this figure will
need to fall to less than 20% by 2050 in order to reach net zero. It’s estimated
that electricity consumption in the UK will increase by approximately 50% by 2036

and more than double by 2050”.
National Grid website

“Periods of both excess generation and demand will become more extreme and
prolonged. Assuming that BECCS and nuclear run as baseload. The proportion of
hours with excess generation will increase significantly by 2030 to c.50% of
hours. By 2050 this becomes more than 90%. The proportion of excess demand
hours becomes less frequent but more extreme”.

National Grid ESO Net Zero Market Reform November 2021

Recorded data confirms trend:
Max CCGT output (% demand) is
increasing in parallel with increased
wind output.

What does a cost effective engineering
solution look like in practice?

Do we overbuild electricity
infrastructure (in excess of peak
demand) with energy storage to
supply annual energy demand?
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/. Whole Energy System Perspective

Petrol (40%) and natural gas (34%) demand
much higher than electricity (18%) in 2019.

Peak gas demand typically between
4 and 5 times higher than electricity.

All energy demand needs decarbonised by 2050.

Developed pathways need to address credible
worst case design scenarios (inc. security of
supply), not just normal operations.

Electricity a present solution for first mover

decarbonisation of heat (heat pump) and transport (EV) demand...

Less clear whether the electricity system offers a long-term
pathway to decarbonise both heat and transport demand.

Multiple studies conclude net zero cannot be delivered by 2050
without CCUS: Potentially requiring both Power CCUS and blue
hydrogen production to provide sufficient clean energy?

Daily total gas, all liquid transport fuels, electrical demand

Multi-vector Energy Diagram for Great Britain GWh per day

Beast from the east: Total gas
demand nearly 5 TWh over one day
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8. Policy vs Practice
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The Netherlands
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Key UK Policy Milestones

» June 2019: UK legislates to reduce GHG e
2050.

» Oct 2021: Ambition to Net Zero UK Electricity
Subject to Security of Supply. (2030 if Labour wi

» Nov 2020: UK commitment to end the sale of ne
vehicles by 2030. All new cars and vans required
emission at the tailpipe by 2035.

» Oct 2021: Gas boilers banned in new build homes f
new gas boilers installed from 2025. Almost entirely
by natural gas - providing resilience to electricity and

ProjectUnion

Project Union will connect, enable net zero and empower
a UK hydrogen economy, repurposing existing
transmission pipelines to create a hydrogen ‘backbone’
for the UK by the early 2030s.

Repurpose ~2,000km of the NTS through a phased }
approach in line with Government’s cluster
prioritisation and green hydrogen development

Project Union Pha
planned from early 20

v
v

Connect cross GB supply, demand and strategic >
storage sites, enabling growth of a UK hydrogen
economy

100% hydrogen tra

pipeline.
Use existing infrastructure to deliver a low carbon

future, reducing environmental impact of new > Phase 1 fUlly
construction

'Southcrnpton .
national gas
transmission

Enable early and affordable market growth of a low

carbon hydrogen economy to achieve net zero




Sacred Cows & Received Wisdom

1. Capacity Balancing
Doesn’t fully account for intermittency impacts.

2. Energy Efficiency / Demand Reduction
Good in theory but less proven in practice?

3. Demand Management
Least effective under network stress events?

4. Energy Storage
PSH / EV storage capacity small vs natural gas storage.

5. Dunkelflaute
Unlikely to reflect worst case balancing - 10s to 100 TWh required?

6. Electricity Network Expansion
The UK’s preferred solution...but unlikely to be built fast enough?

/. Whole Energy System
Need to consider all end use / vectors and net zero 2050 outcomes.

8. Policy vs Practice
Not joined up. Lacking an engineering based plan.




Sacred Cows & Received Wisdom

1. Capacity Balancing
Doesn’t fully account for intermittency impacts.

2. Energy Efficiency / Demand Reduction
Good in theory but less proven in practice?

3. Demand Management
Least effective under network stress events?

4. Energy Storage
PSH / EV storage capacity small vs natural gas storage.

5. Dunkelflaute
Unlikely to reflect worst case balancing - 10s to 100 TWh required?

6. Electricity Network Expansion
The UK’s preferred solution...but unlikely to be built fast enough?

/. Whole Energy System
Need to consider all end use / vectors and net zero 2050 outcomes.

3. Policy vs Practice
Not joined up. Lacking an engineering based plan.

FAILURE TO JOIN UP PERSPECTIVES IS OBSCURING THE (VITAL!?) ROLE FOR HYDROGEN?



Cynefin Framework

‘Unknown Unknowns’

Complex Complicated
Probe Sense
Sense Analyse
Respond Respond
Emergent Good Practice
\

Chaotic
Act Sense
Sense Categorise
Respond Respond
Novel Best Practice

‘Known Unknowns’

Il Iaer Secess MAKES YU

A wvmmzz ™
O ppre bre
\\ ’ﬁfmw iow 1T oy

A Method To Get To Where We Want To

» Conceptual framework used to aid
decision making.

» Offers decision-makers a "sense of place”
from which to view their perceptions...
.. and make decisions.



Cynefin Framework

A Method To Get To Where We Want To

‘Unknown Unknowns’ ‘Known Unknowns’
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Cynefin Framework

A Method To Get To Where We Want To

» Conceptual framework used to aid
decision making.

» Offers decision-makers a "sense of place”
from which to view their perceptions...
.. and make decisions.
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Thank Youl!

Grant Spence

= grant.spence@netzeroenergysystems.co.uk
grant.spence@member.imeche.org

\W imeche.org/industry-sectors/power-energy
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