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Post-workshop report 

Harry van der Weijde (Univ. Edinburgh, Engineering), Ken McKinnon (Univ. Edinburgh, Mathematics), 

Richard Gibbens (Univ. Cambridge, Computer Laboratory). 

 

1. Overview 

The workshop was very successful, with attendance from 54 participants from 24 different 

universities or research institutes around the world, and from key industrial partners including EDF, 

IBM, GE, National Grid, E.ON/Uniper, Cray EMEA and Wood Mackenzie. The programme is attached 

to the report as an appendix, and all presentations are available at 

https://atienergyworkshop.wordpress.com/programme/. Each day, after a set of research 

presentations from academic and industry participants, small group and plenary discussions focused 

on identifying key issues related to data science and energy that need to be solved, the ATI’s role in 

coming up with solutions, and a series of concrete research themes that would start developing 

them. 

Energy networks are among the most complex systems on earth: the North American electricity grid 

is regularly described as the largest machine ever built. With the introduction of distributed 

generation and demand side management these networks are now becoming even more complex. 

The current large, interconnected but centrally managed networks with a few thousand controllable 

devices and sensors will be replaced by a hierarchy of networks consisting of large numbers of 

interconnected but locally operated networks with in total millions of controllable devices and 

sensors. The amount of data generated to monitor and control the system is many TB/day. Also, the 

introduction of new renewable distributed generation and demand response technologies is 

resulting in energy flows that are more variable and inherently difficult to forecast. Making this 

decentralised energy system operate efficiently and robustly as a whole will require new forecasting 

methods, new ways of integrating data and forecasts into operational algorithms, new ways of 

analysing and aggregating the data to suit the different levels in the network hierarchy, and new 

distributed operational control protocols. 

This is an immense and exciting challenge for data-science – unique in the interaction required 

between large data streams and very complex whole system operational models. 

2. The Role of the Alan Turing Institute in addressing challenges 

Many disciplines are involved in energy research; this includes engineering, mathematics, statistics, 

computer science, meteorology, as well as the social sciences. Collaboration between many of these 

disciplines on data science issues is lacking, and there is no existing body that has an overarching 

view of where more methodological or applied research is necessary and where knowledge 

translation can bring benefits.  

https://atienergyworkshop.wordpress.com/programme/
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Moreover, there are no standardised data formats for energy data, including network data, smart 

meter data, etc., unlike in other communities (e.g., the meteorological community, which has 

converged on the NetCDF) and no best practices for modelling energy systems. This makes 

collaboration within and between the academic and private sectors difficult and prevents value to 

be realised from existing data. This problem is getting worse as data streams from smart meters and 

other sources are increasing dramatically in volume, velocity and variety. Also, there is no institution 

responsible for the long-term curation of energy data and models, leading to unnecessary 

duplication, a limited knowledge of the quality of models, a lack of exploitation of synergies between 

data sources and, again, a lack of value realisation from existing data. 

This lack of research coordination between disciplines and lack of data curation and standardisation 

is holding back knowledge creation, preventing better policy advice and hurting the UK academic 

and private sectors. 

In the US, the Department of Energy’s National Laboratories address many of the issues mentioned 

above. The UK has similar institutions for physics, nuclear science, food health, etc., but not for 

energy.  Since data science is becoming key to the functioning of energy systems and central to 

almost all research on energy, the ATI can play an important unifying role in the UK in addressing 

some of these issues, similar to DoE National Labs in the US.  

3. Research themes 

The five themes below emerged during the workshop and are of equal weight. They are consistent 

with the ATI’s strategic objectives of providing policy advice, undertaking data science research, 

enabling collaboration with industry and acting as a magnet for data science leaders around the 

world. In particular, major private-sector players including as E.ON/Uniper, IBM and Cray EMEA 

(already an ATI partner) have already expressed their willingness to collaborate on these themes, as 

have internationally leading academic institutions including the École Polytechnique de Montréal 

(the Trottier Energy Institute and the Chair in Data Science for Real-Time Decision-Making) and the 

Danish Technical University. There is also interest at the Scottish Government for several of these 

themes, and there is likely to be interest from other UK and EU governments and regulators. 

3.1. Modelling future energy systems: a hierarchy of networks 

As pointed out above, energy networks are already among the most complex systems on earth, and 

are becoming significantly more complex with the advent of distributed generation and demand 

management, with their increasing volatility and unpredictability. The system will move from the 

current centrally operated generation system with passive loads to a decentrally operated hierarchy 

of networks with generation and actively managed load at all levels: individual buildings, districts, 

regions, national, and international.  Research is needed now to understand how these connected 

interacting networks can be designed optimally, how they will function, how they need to be 

regulated and kept secure, and what the data needs of the individual networks are. This will include 

 Methodological and applied research on modelling large networks at multiple (geographic and 

time) scales, including optimisation algorithms and heuristics using data and forecasts 

appropriate to each level.  

 Methodological and applied research on how to gather, aggregate and securely and privately 

transmit data between different networks in the hierarchy, and translational activities to apply 

these. 
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 Analysing resilience against cyber-attacks in networks that are increasingly dependent on 

communication with each other. 

 Work on understanding the interactions between technologies and markets, including 

incentivising whole-system stability in markets and networks with large numbers of players. 

3.2. Smart meters, smart grids and smart sensors  

New smart grid technologies are already dramatically increasing the volume of data coming from the 

demand side of the energy system.  Action is needed now to harness this data, because, if this is not 

done properly, the amount of data available to researchers , regulators and the private sector may 

even decrease, as a result of a shift of data ownership from utilities to consumers. This will need to 

include:  

 Work on standardisation of smart meter data 

 Methodological and applied research on aggregation and disaggregation of energy demand data 

 Methodological and applied research and translational activities to address the motivations 

behind smart grids and smart meters. Currently, smart grid technologies are mostly implemented 

top-down: utilities decide how and where they are used. More research is necessary to 

understand how consumers would interact with smart grid technologies and an increased flow 

and availability of data.  

 Methodological and applied research and translational activity on how to appropriately share 

data between different actors in the energy system while preserving essential privacy. 

3.3. Integration of Forecasting and Operations 

The operation of energy systems relies increasing on forecasts of intermittent renewable generation 

and managed demand, which themselves depend on weather forecasts and forecasts of human 

behaviour.  Because of restrictions on network capacity these forecasts have to be available on a fine 

spatial resolution. Matching forecasting methods to operational models is an important and very 

challenging area requiring: 

 Modelling the spatial and temporal correlations of the errors in joint forecasts of generation and 

demand and the links between this and meteorological forecasts. 

 Understanding how to integrate ensemble forecasts into operational models in such a way that 

the ensemble covers scenarios that are important for the robust and economic operation of the 

whole system. Crucially, a two-way exchange of information is required between the forecasting 

method and the operational method. 

 Developing operational algorithms and methods that can incorporate new forecast information 

as it becomes available to identify potentially disruptive events and re-optimize quickly. 

3.4. Uncertain data 

UK governments, regulators and the private sector are increasingly commissioning energy systems 

models, which are used to inform policy and practice (e.g., UKTM). In addition, models are created 

for academic use. All of these models rely on a large and increasing amount of data, much of which 

is fundamentally uncertain (e.g., long-term demand and fuel price projections). Despite this, model 

outputs are generally interpreted as point estimates without quantification of their uncertainty. 

Moreover, these models often make long-term predictions that cannot be evaluated within the 

timeframes of projects they were designed for, so we have very little knowledge about the quality of 
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their outputs, or even about the relative quality of different classes of models. Hence, there is a 

need for: 

 The formulation of best practices to be followed creating data-heavy energy systems models, 

especially if they will inform policy. This needs to include a set of strategies to deal with uncertain 

data and to present model outputs (e.g., not only as point estimates, but as confidence intervals). 

 A long-term modelling secretariat, which stores and maintains models and data, engages in mid-

term valuation of long-term data-driven models and regularly comments on outcomes. This 

would be supported by research on how data-driven long-term models can be evaluated. 

 Research on a framework for representing uncertainties in models of subsystems and deriving 

from that the resulting uncertainty in the results produced by the whole system models. In this 

framework investigate what is the appropriate detail and precision required in the subsystem 

models  

3.5. Data integration 

As already mentioned, volumes, velocities and varieties of energy data are all increasing rapidly; 

however, this data is held by many separate institutions, different communities use different 

formats that cannot be linked, and willingness to share data is minimal. This creates problems for 

research, but also for the private sector, and decreases long-term energy security, because even UK 

transmission system operators cannot easily share data with the distribution network operators they 

rely on. Moreover, there is a wealth of non-purposely collected data (e.g., Google Street View 

images, which contain much energy-related information on the UK’s building stock, or social 

networks) that could be linked with energy data to increase its value. We therefore need: 

 As before, a set of best practices in data sharing, data security, and sharing.  

 The development of flexible common data formats for energy data (including network data, 

demand data, and other geospatial data sources). Other communities have been successful in 

adopting a common data format (e.g., the meteorological community) but the energy community 

is too diverse for this to emerge naturally.  

 A managed energy data repository, which contains raw and processed energy data from all parts 

of the energy system, works to integrate these, and makes data available subject to privacy 

constraints. 

 Methodological and applied research on heterogeneous data linking, the linking of anonymised 

data.  
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Appendix A – Programme 
 

Day 1 – Thursday 28 January 

 

11.00 – 11.30 Registration, coffee and tea | The Chapterhouse 

 

11.30 – 11.45 Welcome and opening remarks | Newhaven Lecture Theatre 

 

11.45 – 13.00 Keynotes 1 | Newhaven Lecture Theatre 

‘Privacy-preserving use of individual smart metering data for customer services’ 

Georges Hebrail, Senior Researcher, EDF R&D 

 

‘Probabilistic forecasting and its importance for energy systems’ 

Henrik Madsen, Professor and Head of Dynamical Systems Section, Department of 

Applied Mathematics and Computer Science, Technical University of Denmark 

 

13.00 – 13.45 Lunch | The Chapterhouse 

 

13.45 – 15:25 Talks 1 | Newhaven Lecture Theatre 

Nigel Goddard (Edinburgh) – Data Science for demand management 

Patrick McNabb (GE-Alstom) – Big Data Applications in Wide Area Monitoring 

Systems 

David Brayshaw (Reading) – Weather and climate information for energy system 

applications 

Stephen Haben (Oxford) – Low Voltage Network Modelling via a Natural Selection 

of Household Energy Profiles 

Ken McKinnon (Edinburgh) – The value of forecasts for unit commitment 

 

15.25 – 15.50 Coffee break | The Chapterhouse 

 

15.50 – 16:30 Talks 2 | Newhaven Lecture Theatre 

Andrew ZP Smith (UCL) – Data science and energy epidemiology 

Clym Stock-Williams (E.ON) – Data science needs for the energy sector 

 

16.30 – 17.30 Parallel discussions | The Chapterhouse & Seminar room 

Identifying research priorities 

17.30 – 18.00 Plenary discussion | Newhaven Lecture Theatre 

 

19.30 – 21.00 Dinner | Ciao Roma, 64 South Bridge 
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Day 2 – Friday 29 January 

  

8.45 – 10:00 Keynotes 2 | Newhaven Lecture Theatre 

‘The Trottier Energy Futures Project: An Analytical Study of Energy Pathways for 

Greenhouse Gas Reductions in Canada’ 

Miguel   F. Anjos, Canada Research Chair and Director, Trottier Energy Institute, 

Polytechnique Montréal) 

 

‘A selective look a modelling challenges in energy associated with large scale’ 

Daniel Ralph, Professor of Operations Research and Director of Centre for Risk 

Studies, Judge Business School, University of Cambridge. 

 

10.00 – 11.00 Talks 3 | Newhaven Lecture Theatre 

Stefan Pantea (National Grid) – Data Journey in National Grid UK, System 

Operator 

Afzal Siddiqui (UCL) – Market Impacts of Energy Storage in a Transmission-

Constrained Power System 

Andrea Lodi (Polytechnique Montréal) – Big Data & Mixed-Integer (Non Linear) 

Programming 

 

11.00 – 11.25 Coffee break | The Chapterhouse 

 

11.25 – 13.00  Talks 4 | Newhaven Lecture Theatre 

Jakub Maracek (IBM) – An overview of polynomial optimisation in power systems 

at IBM Research 

John Thompson (Edinburgh) – Overview of the ADVANTAGE Research Project 

Waqquas Bukhsh (Strathclyde) – Overview of the GARPUR project 

Richard Gibbens (Cambridge) – Optimal control of storage for arbitrage, with 

applications to energy systems 

Chris Dent (Durham) – Research needs in statistical modelling for energy system 

planning. 

13.00 – 14.00 Lunch | The Chapterhouse 

 

14.00 – 15.00 Parallel discussions | The Chapterhouse & Seminar room 

Community building and further detailing of research needs 

 

15.00 – 15.30 Plenary discussion | Newhaven Lecture Theatre 

 

15.30 – 15.45 Closing remarks  | Newhaven Lecture Theatre 
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Apendix B – List of participants 
 

Miguel Anjos École Polytechnique de Montréal 

David Brayshaw University of Reading 

Waqquas Bukhsh University of Strathclyde 

Rui Carvalho Durham University 

Sandrine Charousset EDF 

Fabio D'Andreagiovanni Zuse Institute Berlin 

Chris Dent Durham University 

Gejza Dohnal Czech Technical University 

Jethro Dowell University of Strathclyde 

Laureano Escudero Universidad Rey Juan Carlos 

Nuno Figueiredo Universidade de Coimbra 

Bartosz Filipecki Université Catholique de Louvain 

Antonio Frangioni Università di Pisa 

Danny Fraser Wood Mackenzie 

I. Garcia Universidad de Málaga 

Haris Gavranovic International University of Sarajevo 

Richard Gibbens University of Cambridge 

Nigel Goddard University of Edinburgh 

Jacek Gondzio University of Edinburgh 

Andreas Grothey University of Edinburgh 

Stephen Haben University of Oxford 

Gareth Harrison University of Edinburgh 

Laura Hattam University of Reading 

Utz-Uwe Haus Cray EMEA Research Lab 

Daniel Hdidouan Imperial College London 

Georges Hebrail EDF 

Alastair Heggie University of Edinburgh 

Eligius Hendrix Universidad de Málaga 

Rebecca Killick Lancaster University 

Hardi Koduvere Talinn University of Technology 
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Andrea Lodi École Polytechnique de Montréal 

Guglielmo Lulli Lancaster University 

Colin MacBean Scottish Government 

Henrik Madsen Technical University of Denmark 

Jakub Marecek IBM 

Ken McKinnon University of Edinburgh 

Patrick McNabb GE-Alstom 

Stefan Pantea National Grid 

Emil Pelikan Czech Academy of Sciences 

Jonathan Radcliffe University of Birmingham 

Danny Ralph University of Cambridge 

Andres Ramos Universidad Pontifica Comillas 

Lukas Schork University of Edinburgh 

Afzal Siddiqui University College London 

Andrew ZP Smith University College London 

Clym Stock-Williams Uniper 

John Thompson University of Edinburgh 

Simon Tindemans Imperial College London 

Alan Tkaczyk University of Tartu 

Harry van der Weijde University of Edinburgh 

Ian Wallace University of Edinburgh 

Ran Zhang University of Edinburgh 

Julius Zilinskas Vilnius University 

 


