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What is a Catapult? % CATAPULT

Energy Systems
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About Energy Systems Catapult CAT APULT

Energy Systems

Unleash innovation and open new markets to capture the clean growth opportunity

200 Innovation experts

Hubs in Birmingham
and Derby

Supporting Research
innovators

LON
e Established, overseen and part- @M.
Innovate UK | funded by Innovate UK. Independent

from Government. Not for profit Systems
engineering

Bridge the gap between
stakeholders in the sector

Modelling and
simulation




Our Capabilities and Assets CATAPULT

Energy Systems
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Challenges: LV Forecasting
Case Study



What do we mean by LV? CATAPULT

Energy Systems
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Picture from Review of low voltage load forecasting: Methods, applications, and recommendations, Haben et al. Applied Energy, 2021. https://doi.org/10.1016/j.apenergy.2021.117798

© 2020 Energy Systems Catapult


https://doi.org/10.1016/j.apenergy.2021.117798

Forecasting Applications

Heat pump demand side response

Sum profile, 2016-12-20, with ext. temperature
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Network Design and Planning — location and sizing of substations,
location sectionalising switches, storage location.

Network Operations and Control — grid management, storage, feed-
in limits, minimise curtailment losses, cost reductions, maximise PV

hosting capacity, Voltage control ...
Anomaly Detection - theft detection systems, malicious attacks, early

warning systems, ...

Trading — Peer-to-peer trading, feed in to market responses, energy
trading algorithms, ....

Simulating Inputs, Missing data, Privacy Protection - imputing
missing values, generating pseudo observations for state-estimation,
differential privacy, ...

Evaluating the effectiveness of storage control in reducing peak demand on low-voltage feeders, T. Yunusov, S. Haben, T. Lee, F. Ziel, W. Holderbaum, B. Potter, Proceedings CIRED 2017
Long term individual load forecast under different electrical vehicles uptake scenarios, A. Poghosyan, D. V. Greetham, S. Haben and T. Lee, Applied Energy, vol. 157, pp. 699--709, 2015

Electricity price forecasting using sale and purchase curves: The X-Model, Florian Ziel, Rick Steinert, Energy Economics, Volume 59, 2016,

© 2020 Energy Systems Catapult
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Narrative Context this Talk: Storage Control for LV Networks
catTAPULT

Energy Systems

Demand

Time

Photo courtesy Timur Yunusov
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Storage Control LV Residential Feeders
catAPULT

Energy Systems

Demand profiles for feeder with 786.7kWh ave. daily demand
Peak reduction: 17.2% (Best Pos), 11.3% (Fixed)
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LV Distribution Demand CATAPULT

Energy Systems
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LV feeder Size and Forecast Accuracy CAT APULT

Energy Systems
Aggregation
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Pictures from Review of low voltage load forecasting: Methods, applications, and recommendations, Haben et al. Applied Energy, 2021. https://doi.org/10.1016/j.apenergy.2021.117798
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Residential LV networks — just aggregate of standard households?
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Sources: Short Term Load Forecasts of Low Voltage Demand and the Effects of Temperature, S. Haben, G. Giasemidis, F. Ziel and S. Arora, International Journal of Forecasting, 2019.
Evaluating the effectiveness of storage control in reducing peak demand on low voltage feeders, T Yunusov, S Haben, T Lee, F Ziel, W Holderbaum, B Potter, 24th International Conference & Exhibition

on Electricity Distribution (CIRED), Glasgow, 2017.
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Influence of Temperature?

GEFCOM 2014 — US Data

Load (kW)

05 : : : ¢ :
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Temperature (Fahrenheit)
GEFCOM data from: Tao Hong, Pierre Pinson, Shu Fan, Hamidreza Zareipour, Alberto Troccoli and

Rob J. Hyndman, "Probabilistic energy forecasting: Global Energy Forecasting Competition 2014
and beyond", International Journal of Forecasting, vol.32, no.3, pp 896-913, July-September, 2016.

caTAPULT

Energy Systems

TVV Data 2016 — UK LV demand Data

RZ = 0.55232
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Current state of load forecasting AT APULT

Energy Systems
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Picture credit: Probabilistic energy forecasting: Global Energy Forecasting Competition ..“lDDU_III“DUH
2014 and beyond, T. Hong, P. Pinson, S. Fan, H. Zareipour, A. Troccoli, R. J. Hyndman, _
International Journal of Forecasting, 2016. Wind Power Load L¥ Load smart Meter Load

Forecast Type

Source data: Google scholar.
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Issues: Review 221 Papers in LV forecasting CAT, APULT

Energy Systems
* Many papers use no benchmark, if they do it is non-competitive. Applicd Energy 304 (2021) 117758
Contents lists available at ScienceDirect Applied N
* Forecasts often ignored as part of an application _
Applied Energy
* Only 44 papers (<22%) utilised probabilistic forecasts. Journal homepage: www.elsevier.comilocate/apenergy
. m

* Methodologies unclear: Review of low voltage load forecasting: Methods, applications, and =y

» Size of Validation/Testing period recommendations

n Resolution Of data Stephen Haben ®, Siddharth Arora *”, Georgios Giasemidis ®, Marcus Voss ©,

. Danica Vukadinovié¢ Greetham ¢
= Forecast horizon “ University of Oxford, UK

“J‘ndependm( Researcher
© Technische Universitdt Berin (DAI-Labar), Germany
 Tessella, Abingdon, UK

*  Resolution Issues:

. ARTICLE INFO ABSTRACT

= 99 papers were at resolution of half hourly or hour. _ — — — ~
Keywords: The increased digitalisation and monitoring of the energy system opens up numerous opportunities to
H H H Low vaoltage decarbonise the energy system. Applications on low voltage, local networks, such as community energy markets
. On Iy 1 1 pa pers ConSIdered data Of reSOIUtlon Of 1 m I n Ute or Iess Smart meter . and smart storage \:3'1 g:ci'lilaLtpiT.-l’m:arla.mi.satiml, but Lﬁ‘:j’ will require advanced control airul mafagmltm.
E‘T:j:_‘:e::::fﬁn Reliable forecasting will be a necessary component of many of these systems to anticipate key features and
Substations & uncertainties. Despite this urgent need, there has not yet been an extensive investigation into the current
. Smart grid state-of-the-art of low voltage level forecasts, other than at the smart meter level This paper aims to
[ ] Data ISS u es (N eXt Sl Id es) Machine learning provide a comprehensive overview of the landscape, current approaches, core applications, challenges and
Time series recommendations. Another aim of this paper is to facilitate the continsed improvement and advancement in
Newral netwaorks this area. To this end, the paper also surveys some of the most relevant and promising trends. It establishes
Review an open, community-drven lst of the known low voltage level open datasets to encourage further research

Survey and development.

© 2020 Energy Systems Catapult
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Data Issues



Data: General Issues

* Not open or only shared with strict conditions.

* Not clear what data exists.

« Documentation — often unclear but sometimes doesn’t even
exist.

 Unclear or no Licensing attached — what are you allowed to do
with the data?

* No uniform standards or meta-data formats.

* Not easy to find or easy to search formats.

* Much data not in Machine Readable Format.

caTAPULT

Energy Systems

Energy Data Review

Summary Report

Richard Dobson

%% Baringa
CCLTA

cATAP'U: I.T

© 2020 Energy Systems Catapult
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Review 221 Papers in LV forecasting Revisited: Further Data Issues
catAPULT

Energy Systems

Applied Energy 304 (2021) 117798

* Only 52 papers used at least 1 openly available data sets. — - - ~
Of these T 0 ] available at ScienceDirect Agi

Applied Energy

= 22 (42%) used Irish Smart meter data.

- 4 used UK LOW Carbon London. journal homepage: www.elsevier.comv/locate/apenergy

» 4 used Ausgrid. n
= 3 the Umass dataset. Review of low voltage load forecasting: Methods, applications, and e

recommendations
Stephen Haben ®, Siddharth Arora *”, Georgios Giasemidis ®, Marcus Voss ©,

° |r|Sh Data. Danica Vukadinovié¢ Greetham ¢

* Undversity of Oxford, UK

* Independent Researcher
u A d ecCa d eo | d . © Technische Universitit Bertin (DAI-Laber), Germany
 Tessella, Abingdon, UK
= only 2 years worth of data.
H H H H H ARTICLE INFO ABSTRACT
= Many in trial also subject to interventions.
Keywords: The increased digitalisation and monitoring of the energy system opens up numerous opportunities to
n M Ost h O u se h O I d S 3 —4 bed rOO m S . Low vaoltage decarbonise the energy system. Applications on low voltage, local networks, such as commum ity energy markets
Smart meter . and smart storage will facilitate decarbonisation, but they will require advanced control and management.
I;adj:gerasungﬁ Reliable forecasting will be a necessary component of many of these systems to anticipate key features and
S‘:]:mtio:sram 8 uncertainties. Despite this urgent need, there has not yet been an extensive investigation into the current
. :’inml‘[ grid state-of-the-art of low voltage level forecasts, other than at the smart meter level This paper aims to
[ ] LI St Of LV d ata Sets h e re: h tt D S ://l OW—VO |ta q e - Machine learning provide a comprehensive overview of the landscape, current approaches, core applications, challenges and
Time series recommendations. Another aim of this paper is to facilitate the continsed improvement and advancement in
M M M Newral netwaorks this area. To this end, the paper also surveys some of the most relevant and promising trends. It establishes
| Oa d fo re Ca Stl n q . q It h u b . I O/ Review an open, community-drven lst of the known low voltage level open datasets to encourage further research
Survey and development.

© 2020 Energy Systems Catapult
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A Strategy for a Modern Digitalised Energy ATAPU'.T

21020000700 IS I K Energy Systems
SySte m AV = N7 \n A
PIIII0C7/1/ Ny /7l (7 )
AR ALY, A 1‘ Y ’/\ I,‘ /’ ,|l\ X
~ o ~
I AUV AN

* In October 2018 the Energy Data Taskforce was established to provide
Government, Ofgem and Industry with a set of recommendations on how data
can assist with unlocking the opportunities provided by a modern,
decarbonised and decentralised Energy System at the best value to consumers.

* InJune 2019 the Energy Data Taskforce published a report entitled

A Strategy for a Modern Digitalised Energy System Ener )% S)/Stem
which presents five key recommendations that will modernise the UK energy ?Qﬁ,{%yrcgfg
system and drive it towards a net zero carbon future through an integrated Bhdiod by i
data and digital strategy throughout the sector. 1aura Sanglys

Commissioned by:

Making a positive difference %&‘
Cg XX

for energy consumears
Department for

Business, Energy
Innovate UK & Industrial Strategy

© 2020 Energy Systems Catapult 22



Goal

Outcomes

Principles

Building
Blocks

Energy Data Task Force CATAPU'.T

Energy Systems

A Modern, Digitalised Energy System

Delivering better outcomes for consumers via superior utilisation of assets, greater price discovery
and opportunity to attract new productive assets to the system.

Digitalisation of the Energy System Presumed Open

Discoverable, Structures,
Searchable, Interfaces and
Understandable Standards

Secure and
Resilient

Continuous Digitalisation

New Data Needs .
Improvement Strategies

Data Catalogue Asset Registration Strategy Digital System Map

23



Triaging Openness

Datasets Presumed Open

Commerciality
Issue

Would the data set be less sensitive but retain its value after anonymisation / redaction?

Anonymise,

Security Issue Privacy Issue

2IIIII00077¢
AAVANNGNWN

(el ddddd
AALRSARSA

Consumer
Impact Issue

aggregate, redact or
add noise to Data*

Can risk be reduced if shared with a
limited group or licence restrictions?

Can limiting audience or

Can risk be reduced RS
via limiting terms and
conditions?

imposing licence

restrictions reduce
commercial risk?

*Multiple stages of anonymisation / redaction may be required to address different issues (e.g. privacy and security) but repeated application should be limited
© 2019 Energy Systems Catapult

Documentation of openness triage — issues and mitigations



Recommendation 3:
Data Catalogue

/Recommendation 3: Visibility of Data N
A Data Catalogue should be established to provide visibility through
standardised metadata of Energy System Datasets across
Government, the regulator and industry. Government and Ofgem
should mandate industry participation though regulatory and policy

\ frameworks. /

Mitigate

Issue(s)

Register

with Data Openness

Data Identify CITEE(iE

Issue Identified

Manager Dataset Metadata Triage

Catalogue

Data Catalogue

Discover Request
Dataset Access

Data User

Data is open / publicly available

VLKA
NNAANNGGNN
(el ddddde
ANNS R AN S A

Data

Preparation

Publication

Access Data

Organisation 1 Organisation 2

Org 1 Org 2
Catalogue Catalogue

Data Catalogue
Provider

Industry Data
Catalogue

Develop
Solution
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Sector Engagement and Reaction cATAPU'-T

//II////\///{ Energy Systems

“We will help initiate the implementation of the
report’s recommendations by seeking where
necessary, to facilitate a change to the

Balancing and Settlement Code this year to
further embed the principle of Open Data
within the BSC."

Mark Bygraves, Chief Executive - Elexon

“Data is vital to creating a smarter,
cleaner and more flexible energy
system that will unlock a whole
range of new benefits for Britain.
This report recognises that energy

networks are the nerve centre of
that system.”

David Smith, CEO - Energy
Networks Association




Icebreaker cA‘l‘APUl.T

Improving Energy Data Visibility 0
ne Energy Systems

* lcebreaker one:
= Open Energy platform, Part of Modernising Energy Data Access (MEDA) program: data sharing
ecosystem focused on governance, licensing and authentication.

= Energy Data Visibility Project, generating a data catalogue and search engine for open data sets.
https://openenergy.org.uk/

CATAPULT

 Energy Systems Catapult through MEDA
= Energy Data Glossaries
= Energy Data Use Cases
= Data Interfaces

© 2019 Energy Systems Catapult 27
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Value of Data:
Data Science Challenges



Challenge Aims
ge Al INNOVATION  ccnieic CATAPULT

Transforming the electricity network Z%Setrag!;l able Energy Systems

Presumed Open Data Project — an NIA project led by Western Power
Distribution

Two main aims;
= Maximise the Visibility of Data.
= Maximise the Value of Data.

Aim of the data science challenge was to demonstrate the value in

increasing data accessibility:
= What techniques provide the good performance?
= What datasets demonstrate the most value?

» What value can be engineered from the data? energies 2702
_ HOW mUCh data iS needed? an Open Access Journal by MDPI
= What other datasets may be required? e i
Challenge assessed over four weekly tasks plus one practice challenge. Prt. D Wi Holdetaum, b Seghen aber
Deadline
12 May 2021
Prizes: Ideas Pitch and Publication in Energies Journal Spec16{Lm e

© 2020 Energy Systems Catapult



Challenge Scenario o
INNOVATION e CATAPU'-T

Transforming the electricity network glr}lsetrag!? able Energy Systems

A 6MWh/2.5MW battery is connected to a primary distribution substation and a 5SMW
solar farm in Devon, southwest England.

Design the control of a storage device to support the distribution network to:
= Maximise the daily evening peak reduction.
= Using as much solar photovoltaic energy as possible.

This will be done for each day for the week following the current challenge date.
In other words it is a constrained optimisation/control problem under uncertainty.

There will be four assessed weeks as part of this challenge.



. [ )
>coring INNOVATION s CATAPULT

Transforming the electricity network zlfllsetrag!;l able Energy Systems

For each day (d = 1, ..., 7) of the current task week a score is calculate given by:

1 +‘Pd,2k2)

Sq :‘Rd,peak

Peak reduction (percentage) Proportion of energy stored in the battery
during the evening period on from solar energy and from the grid on day
day d d.

C, = 3, C, = 1 are weights for the solar and grid energy, respectively. These weights are based on the relatively
lifetime GHG emissions intensity of solar and electricity from the grid.

The final score for the current task week, is simply the average over each day of the week:

o ZiaSa
final — 7 .

© 2020 Energy Systems Catapult 31



Benchmarks for Comparison )
mnDOVAL'i'}oﬂN centre for CATAPULT

Transforming the electricity network 2%2?@1-;,1 able Energy Systems
i
—— {riginal demand
Demand after perfect
Demand after naive
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Power (W)
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B e
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Presumed Open Data Project: Data Science e
Challenge INNOVATION CATAPULT

centre for Energy Systems
sustainable ray >y

energy

Transforming the electricity netwaork

Number of Teams per Task

Participation: )

» 365 Registrations for the kick-off event.

» 55 teams - a total of 142 individuals — participated in a least
one round.

15 different countries
* Individuals come from 72 different organisations/institutions
(30 universities)

Improvement " T o Ve
* From 26% beating benchmark (Practice Challenge) to 65% | "“-“-‘::.:_\* ’
(Task 4) o “\\‘,/
o ' Average Score
=@ Benchmark ,

© 2020 Energy Systems Catapult %%



Main Points CATAPU'-T

Energy Systems

Participation — there is a lot of interest and value in making these sorts of dataset
available.

Variety — rare opportunity to see and compare variety of methods, approaches, ways of
utilising data on the same problem.
Source for benchmarks and state of the art.

Several paths to achieve similar and good results. No “perfect” method or approach.

New Challenges starting soon! Get in contact if interested!

© 2020 Energy Systems Catapult
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Final Summary CATAPU'-T

Energy Systems

Data essential to drive innovation. Needs cross sector support and action.
Investigate methods for privacy protection in LV level datasets.

Validate research against multiple (hopefully open) datasets.

Compare against existing methodologies in the data.

Move towards probabilistic methods.

For applications investigate how important the forecast accuracy is for performance.

© 2020 Energy Systems Catapult



Data Science Skills



Some challenges for data science and forecasting cA‘l‘APUl.T

21020000104 /1521577  Energy Systems
AN 7 I ;>‘ hYA
4127000717 Y WAL
ARSN ARSI A 4. ‘ ’,\I/‘/’ ,‘\ 7
SNDINIZ 7N
TR

store, manage or analyse data as their primary activity, representing about 3% of the
workforce. " International Data Corporation.

= "Two-thirds of datavores who tried to recruit analysts in the previous 12 months
struggled to fill at least one vacancy.” Analytic Britain, NESTA, 2015.

The Data SCie ntiSt S horta ge Difficulty Finding Security & Data Science Skillsets

1,200 yber scunty 399%
1000 -E:rs'inss . Data scence/andlytics 35% .
! millien X[ e

= 33X 250,000 e
= average) legacy technoiogics MG 15

. . 2020 S URIPD L ——

h xee job postings Shortage T e —
400 B VErsus job searches B

average) I 16

2015 2016 2017 2018
Q: In which technologyrelatad areas do you anticipate your organiation wall have the most difficulty in finding appropriate ski lssts?

Pictures: https://quanthub.com/data-scientist-shortage-2020/
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Please Fill in Our Survey

cATAPULT Whatwedo v Work withus v Tools & Labs v News & Insight v AboutUs v Contact

Energy Systams

SURVEY: Data science skills in the
energy sector

https://es.catapult.org.uk/news/survey-data-science-skills-in-the-energy-sector/

Digitalisation of the energy sector provides vast opportunities to help support the transition to Net Zero.

Innovative sensors and monitoring equipment are producing ever-increasing amounts and varieties of data. This presents
opportunities for data science and Artificial Intelligence to create new products and solutions which will increase the value of the
data collected

Energy Systems Catapult has created a questionnaire for data scientists to understand the current landscape of data science
and analytical skills across the energy sector. This will help us to understand what is being applied, what is going well, what is
more challenging, and what areas it would be useful to have more support, including questions such as

1. How are data science teams most commonly organised?

2. Is this meeting the requirements of the organisations?

3. What skills are in short supply (or oversupplied)?

4. What are some of the best qualities of a data science lead?

5. What are the best ways of keeping data science skills and training up to date?

With enough participation, the outputs from this questionnaire will provide a greater understanding of how we can better
facilitate advanced analytics and smarter operations within the energy sector.

We will collate (but anonymise) information from this survey to generate a public white paper/report on the data science skills
landscape across the energy sector.

Our Catapults =

caTAPULT

Energy Systems

© 2020 Energy Systems Catapult
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Thank you!

catAPULT

Energy Systems



