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Motivation B8 Reading

Climate change driving a complete transformation of the electricity sector
« Rapid growth of renewables such as wind & solar (global investment of US$242 billion in 2020)
* Electrification of other sectors: transport & heating

* Fundamentally changes exposure of energy-system to weather:
* Ability of existing infrastructure to cope with impacts of a changing climate
* Ensuring new infrastructure design is robust to climate uncertainty

o , _ Supported by science:
* Historically weak connections between energy- and climate- research understanding & exchange

* Need for open research /

* Energy-Meteorology group:
* Open data, models and tools
* Open access publications
* Building interdisciplinary community

Climate
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Humber Bridge, near Hull in Yorkshire (UK). Formerly the longest single-span suspension bridge in the world,

started construction 1973, opened 1981.
Image adapted from driventowrite.com/2019/10/06/bridge-across-the-humber/#jp-carousel-55246




Timeline of major activities

2009-2013 Scoping research

* Exploration of impacts of climate information in energy
* Enabling the use of widely accessible met data in energy applications

2013-2015 UK wind power historical reconstructions

National Grid: rapid increases in wind capacity
First datasets/models released on CENTAUR/group webpages then RRDR

2016-2020 European renewables

Multiple datasets released, spanning many technologies and countries
Includes both historic and weeks-ahead forecast

Summary

* 7 major datasets (~12GB); 2 OA book chapters; 10 full-OA journal publications
Industrial use: Nat Grid, Crown Estate, Met Office for Nat Infrastructure Commission

Research users: Norway, Russia, Austria, UK & Netherlands
Teaching: 7 PhD/MSc/UG projects; new MSc “Climate Services” module
Contributions to 2 major freely-available EU “climate service demonstrators”
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Brayshaw et al (2011, 2012)
Ely et al(2013); Kubik et al (2013)
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Cannon et al (2015)
Drew et al (2016)
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Drew et al (2019)
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Bloomfield et al (2019, 2020a, 2020b)
Gonzalez et al (2020)



Open research in energy-meteorology B v

* Challenge of 2010’s: demonstration-of-principle (science), enabling access (data)
* Challenge of 2020’s: continues but also need for understanding, exchange and community building

* “Next Generation Challenges in Energy-Climate Modelling” workshops (June 2020 and planned for Sept 2021)

* Free, online, interactive & open

— reanalysis anomaly

assimilation data hindcast

optimisation

EU-ETS remapping

cost-effective

dispatch
Wow, great! Please

putit all in here!
Here is the data

you asked for

ﬂ Figure: clim2power project
(clim2power.com)

Energy modeller Reproduced in Bloomfield et al 2021



Why do the Energy sector care about

the data we are creating?

Operational
seconds — days

Trading
days — 1 year

Strategic
year — year
climate variability

Planning
climate change

Extremes
disrupting
weather

Grid management, plant scheduling
Anticipating extreme weather

Maintenance/resource planning
Longer-term wholesale energy contracts

Characterising demand and supply
Impacts of year-year variability

Impacts of climate change
Trade-off between climate change and energy
system change

Risk and impact of extreme disruptive weather
local vs. far afield impacts

Images sources for control room, system planners and policy makers
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https://www.istockphoto.com/vector/isometric-control-center-gm160246677-17170113
https://imgbin.com/png/XtmVq0AY/calendar-plan-png
https://www.shutterstock.com/search/policymaker

How open data has helped me B s

« At the start of my PhD there was a lot going on (!)

« Having well documented code with good metadata from
other group members really helped get me started.

« Other institutions open data archives were a great way
to learn.

Image source: https://ergyork.wordpress.com/2015/01/12/starting-a-phd-here-is-some-advice-on-year-one/



Challenges in Creating open data B s

Can we add
., , more countries
* When is it ‘good enough’? or more variables?

* Is my metadata complete? What are all

these acronyms? Are we using the
best modelling

* Will someone find something wrong with it? technique?

Is this a complete
set of instructions? |g this data out of

date now?

Is this the best
way to package We could try a few
the data? more tests....

Imaae source: httos://www.riahtattitudes.com/2018/03/13/what-vour-messv-desk-savs-about-vou/
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Impact of Our datasets
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A rapid decarbonisation of power systems is underway in order to limit greenhouse gas emissions and meet carbon-reduction
target. Renewbe cnery it  keyingoedient to meet thse targts however, t s importat that ntioal power systems sl
maintain energy security of ttimes
of peak demand (a criticaltime for power system stress) is not well understood. This study umerm uses a multidecadal dataset of
nationaldemand, wind power, and solar power generation o idenify the melmmlngxn.l conditions when peak demand occurs

and the contril . Wintertime . ith high

atmospheric pressure over Russia and Scandinavia and by lower than

speeds across Europe. When cunndﬂlng power demand extremes net of renewable power production, the associated meteo-
There i tial variability in the dates of national peak demand events and

the amount of renewable genmmn present. Growth in renewable generation has the potential to reduce peak demands.
However, these impacts are also not uniform with much larger reductions in peak demand seen in Spain than in central Europe.
‘The reanalysis-derived energy models have allowed recent peak demand events to be put into a long-term context.

Fantastic opportunities to
collaborate with
other scientists!

1. Introduction

In order to meet the carbon-reduction targets, such as those
outlined within the Paris Agreement, a rapid decarbonisation
of national energy systems is required [1]. There has been a
large global uptake of renewable generation (i.e., wind power,
solar power, and hydropower) in recent years [2]. However,
renewable power generation is weather-dependent and
therefore has variability over a range of temporal scales. For
efficient operation (ie., avoiding costly disruption and main-
taining security of supply) of a power system with high pen-
etrations of renewable generation, an understanding of the
weather-driven variability and the meteorological conditions
which result in power system stress is required. Of the con-
ditions which cause system stress, a particular challenge is peak
demand, which is the hour/day of the year when there is a
largest demand for electricity (i., times which lead to high
power system costs and problems with energy security).
Electricity demand is dependent on temperature and
wind chill (for heating and cooling) and illumination (for

lighting) [3-6]. In most central and northern European
countries, peak electrical loads occur in winter, at darkness
peak (e.g, the UK [6-8); Scandinavia [9); and Germany
{4, 9]). However, in southern European countries, peak
demand can be seen in summer (e.g., Greece (10, 11]; Spain
[9); and Italy [9, 10, 12]) due to increased demand for air
conditioning.

The ability of renewable generation to provide a con-
tribution to peak demand is sometimes described in the
literature as the capacity credit. This is defined as the
contribution that a generator makes to system adequacy,
usually related to a defined reliability target [13]. In countries
with a winter peak, there is no guarantee that wind power
will be available at times of peak demand, although some
positive correlation has been shown between times of high
demand and wind power generation [14, 15). Several studies
have investigated the potential for the availability of wind
generation at peak demand, with the term “low wind, cold
snap” being common in the literature to describe times of
potential concern for winter peaking energy systems [16]. A
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Impact of Our datasets

Methods used by UK

Met Office, providing evidence
to the National Infrastructure
Commission
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National Infrastructure Assessment | Study

Met Office

Data is contributing
to a Royal Society
Report on the future
of renewables
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EXTERNAL RESEARCH :: ENERGY & WASTE

Adverse weather scenarios
for renewable energy
Ongoing discussion system testing

with National Grid

12 Jun 2020

Use published scientific methods in
collaboration with Bloomfield

nationalgrid

< VIEW FULL STUDY

EXTERNAL RESEARCH :: ENERGY & WASTE

Characterising adverse
weather for the UK
electricity system

14 Dec 2020

Heavily based on/reference to work from the
Reading energy-met research group

https://nic.org.uk/publication_category/supporting-evidence/



Summary

* Energy systems around the world are rapidly changing to meet

climate mitigation targets.

* A key aspect of this is the transition to renewable energy — much of
which is highly sensitive to weather.

* Data to quantify and understand the impact of weather and climate
on the energy system has been historically sparse. Few researchers
have access to sufficient expertise in both energy and meteorological

science.

* For more than a decade our group has addressed this challenge,
publishing 7 OA datasets 2 OA educational book chapters; 10 OA
publications which have been widely used by academia and industry.

Contact: d.j.brayshaw@reading.ac.uk , h.c.bloomfield@reading.ac.uk
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