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Thank you to everyone who participated in and helped to organise the CESI Research 

Conference 2019, making it such a successful event.   

Special thanks goes to the Keynote Speakers, Emma Pinchbeck; Professor Stephen 

McArthur and Professor Keith Bell; Session Chairs, Dr Sara Walker and Professor 

Simone Abram, and of course to all of those who delivered talks, presented posters 

and contributed to discussions during the day. 

We look forward to welcoming you to CESI Research Conference 2020! 
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Thank you from the Conference Chair, 

Professor Phil Taylor 
Director, EPSRC National Centre for Energy Systems Integration 

Head, Newcastle University School of Engineering 
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Control Rooms of the Future  

Simone Abram, Antti Silvast, Andrew Wright 

Durham University 

 

Abstract 
 
Integrating energy infrastructures could have significant implications for operations in the energy system. 
Despite many years of adherence to political arguments around market provision and competition as the 
main driver of energy development, much of the UK’s energy transmission and distribution infrastructure 
is still tied into monopoly systems of control. Control Rooms of the Future takes a first foray into what 
integration might mean in relation to system operation by conducting pilot research into control systems 
for distribution of gas and electricity. The project has two approaches that address regulatory and 
institutional, as well as operational questions. First, what are the regulatory and institutional conditions 
under which different energy vectors (gas and electricity) operate, and how might they facilitate or 
restrict the opportunities for more integrated operations? Second, what are the operational practices in 
different kinds of control rooms, and what opportunities do they afford for cross-vector co-ordination, 
and what risks do they present in terms of translating one control room culture to another? The project 
therefore includes a review of relevant regulatory conditions, alongside empirical research based in 
distribution control rooms in the respective sectors. It will coordinate with a complementary project to 
run a simulation exercise with control room staff.  
 
The project allows us to ask how control rooms operate in practice, what the roles of control engineers 
are, what options exist for integration and what integration might imply for integration of infrastructure 
or operational practices. The project runs from January to September 2019.  
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 Applying Systems Engineering Concepts for the Evaluation of Whole 

Energy Systems  

Ali El Hadi Berjawi 

Newcastle University, School of Engineering 

 

Abstract 

Evaluating energy systems performance is a complex task when placed in the social, environmental, 

economic and political contexts, in addition to the technical factors intrinsically involved. This requires an 

approach that can bring together different disciplines into the evaluation to account for the different 

perspectives respectively. The future energy system brings further complications to its evaluation, due to 

the interdependencies potentially involved in the integration of energy systems, across different energy 

vectors, infrastructures and stakeholders. This integration is expected to bring about emergent 

capabilities to the whole integrated energy system, such as enhanced resilience and adaptive flexibility. 

Hence, an approach that can capture the interactions involved and the systemic properties emerging is 

also required.  

To address those needs, concepts from systems engineering are utilised and a system-of-systems 

approach is employed. The whole energy system is modelled in a way that would facilitate its evaluation. 

The conceptual model is based on an architectural framework that was tailored for this application 

describing the necessary system views. An architectural framework provides a consistent guideline for 

creating system views to address a specific purpose. This includes in this case defining the energy system 

boundaries, environment and constituent systems, and identifying the structure, interactions, 

requirements and functions at different system levels. Evaluation criteria and indicators are then derived 

from the system model to reflect the performance of the system and its functions towards achieving the 

identified requirements. The model is developed using the Systems Modelling Language (SysML). The 

framework is applied to different heat scenarios developed for the Findhorn Ecovillage case study.  

Systems engineering is an interdisciplinary field that has been extensively applied to the fields of defence, 

aeronautics and software engineering, and less so in energy systems evaluation. This led us to a 

collaboration with a team of researchers in the School of Computing at Newcastle University, led by 

Professor John Fitzgerald, with expertise around systems engineering and the system-of-systems 

approach. This approach can support the evaluation of energy systems where existing frameworks fail 

particularly with the increased energy systems integration. With a more comprehensive and systemic 

evaluation, results should better serve as evidence for decision making on the benefits of integration.  
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The North of Tyne as energy systems integration case study 

L Brown 

Centre Manager, EPSRC National Centre for Energy Systems Integration 

H Patsios 

Co-Investigator, EPSRC National Centre for Energy Systems Integration 

Abstract 

The recently formed mayoral combined local authority of the North of Tyne (NTCA) encompasses a varied 

microcosm of the UK. Coastal, urban and rural communities are all part of this regional grouping. The 

energy system too is varied. As an ex-heavy industry region it has expansive aging legacy system assets 

but due to the rural nature of some parts, there are areas not served by the gas network and the power 

network is relatively weak.  

With the primary aim of the NTCA to develop regional economic growth, what benefit or hindrance does 

the regions energy system provide? Does looking for opportunities for energy system integration provide 

benefits to how the new region looks as its energy system from a point of view of cost, carbon and 

security of supply? With two of the three partner local authorities declaring a climate emergency, what 

role can the regions energy system and its stakeholders play in responding to the crisis?  

A study is being performed by the EPSRC National Centre for Energy Systems Integration into these 

questions. This paper will describe the scope of the project and share some of the very early findings. 
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Women's Whole Energy Systems Research and Industry Network 

Werin – We’re in! 

L Brown 

Centre Manager, EPSRC National Centre for Energy Systems Integration 

S Walker 

Associate Director, EPSRC National Centre for Energy Systems Integration 

Abstract 

Ever wondered why there aren’t more women working, innovating and researching in the energy sector?  

This is something that is often mentioned but not wholly understood. At the EPSRC National Centre for 

Energy Systems Integration (CESI), we aim to make inclusion a driving principle of our Centre. And to that 

end, we bid for and won funding support from the UK Energy Research Centre’s Whole Systems 

Networking Fund (WSNF). Funded by EPSRC, the WSNF aims to improve equality, communications and 

collaboration between those working in the field of whole systems energy. 

In this paper, we will introduce the aims of the Werin network. We will report on the engagement with 

the innovative member’s platform and social media, using data from the platform and twitter analytics. 

We will then discuss the learnings and contributions gleaned from the networking events held to date, 

using a reflective learning approach. Finally, we will make recommendations, based on the project 

outcomes, of the ways in which the energy research community can better support a diversity of voices.  

https://epsrc.ukri.org/
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Interdisciplinary collaboration in energy modelling 
Chris Dent 

University of Edinburgh, School of Mathematics; The Alan Turing Institute 

Abstract 

This presentation will discuss key areas for interdisciplinary collaboration in energy modelling, and the 
mechanisms required to achieve this. The material will be based on: 

 The speaker’s own experience of interdisciplinary research; 
 His involvement in scoping studies for Supergen Hubnet, and Centre for Digital Built Britain; 
 His experience of developing interdisciplinary research strategy with organisations and initiatives 

including Durham Energy Institute, the Alan Turing Institute, and the Big Mathematics knowledge 
transfer project. 

It will also present relevant preliminary outputs of The Isaac Newton Institute programme in 
“Mathematical and statistical challenges in landscape decision making” in which the speaker will be 
participating in the month of the CESI conference – this is particularly likely to generate new thinking on 
decision making against very complex backgrounds which is highly relevant to decision support for 
integrated energy system planning and policy decision making. This INI programme illustrates how many 
of the deeper methodology and process questions are common across different application disciplines 
including energy, transport and environment. 

There is a strong desire from industry and government for improvements in approaches in modelling 
approaches. For instance, the 2017 Supergen Hubnet workshop on “Modelling in Public Policy” hosted by 
Ofgem revealed consensus of need for work in uncertainty treatment, evidence communication, and 
governance of analysis studies. In government, this is partly driven by the “Aqua Book” which provides an 
excellent guide to best practice for analysis studies. 

The Centre for Digital Built Britain research scoping network on “Methodologies for planning complex 
infrastructure” reached similar very high level conclusions, and further intriguing outputs include: 

 The need for information gathering and more detailed scoping work before full scale activity can 
begin in some areas; 

 The need for a more nuanced understanding of success and failure of projects in public debate; 
 Communication is a two-way matter – it is necessary for analysts to have a proper understanding of 

the interests of decision makers; 
 How to determine what an appropriate level of resource for analysis is, particularly at the strategic 

planning stage of a project; 
 The value of wider availability of data; 
 The need for good design of funding structures, to encourage development of interdisciplinary 

collaboration. 

All of these matters are fundamentally interdisciplinary. Even the technical end of managing uncertainty 
in modelling requires collaboration between applied system modellers and statisticians. Many of these 
issues are really about how modelling fits in the wider decision process, and advances in research and 
practice will require much broader collaboration including social and political scientists. 

The presentation will conclude with a discussion of barriers to setting up interdisciplinary collaboration, 
and possible mechanisms for accelerating development of such collaborations. 
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Optimization-based Decision Support via Statistical Emulation 

Hailiang Du and Michael Goldstein 

Durham University, Dept of Mathematical Sciences 

Wei Sun, Gareth Harrison and Bravo Vargas Ruben 

University of Edinburgh, School of Engineering 

Abstract 

 

Computer simulators are widely used to make inferences about complex physical systems such as energy 

systems, in conjunction with historic observations. In energy systems modelling, optimization methods 

based on certain objective function(s) are widely used to provide deterministic solutions to decision 

makers. For complex high-dimensional systems, however, simplifications are inevitable to conduct 

traditional optimization, which leads to the “optimal” solution being suboptimal or nonoptimal. Whilst 

the optimization problem is well resolved, it would still be valuable for both operational and long term 

planning purpose to introduce some flexibility to the solution. A novel statistical methodology is 

introduced, where statistical emulation and uncertainty quantification are employed to identify candidate 

solutions and to quantify uncertainties (due to i) observational error; ii) emulation approximation; iii) 

model discrepancy) attach to each candidate solution. Candidate solutions subject to the objective 

function(s) provide useful flexibility and attached uncertainty quantification provides extra valuable 

information for decision support. Furthermore, the proposed methodology is able to estimate the Pareto 

boundary when there are tradeoffs in the objective functions, which provides valuable information for 

decision support. If the model is expensive to evaluate, traditional optimization methods will have serious 

difficulties, whereas the proposed methodology will not be hampered. Multiple applications to various 

energy system planning problems including wind farms, solar power stations and integrated systems are 

presented to provide strong demonstration of the use of the proposed methodology. 
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Techno-Economic—Environmental Evaluation of Integration of  

Multi-Vector Energy Networks for Meeting Heat Demand 

Hamid Hosseini, Adib Allahham, Phil Taylor 

Newcastle University, School of Engineering 

Charlotte Adams 

Durham University, Department of Earth Sciences 

Abstract 

In order to meet the UK Government carbon reduction targets by 2050, heat demand needs to be 

decarbonised since around one-third of the GHG emission of the UK is coming from heat demand of 

different sectors including residential, commercial and industry sectors. In this paper a framework is 

developed to evaluate the Techno-Economic-Environmental (TEE) performance of different options for 

meeting the heat demand of a region. The framework provides the basis to compare available and future 

scenarios for meeting the heat demand in order to make an informed decision to support the most cost-

effective and least carbon intensive one. Also, the framework can be used in order to design different 

components of the heat supplying system including heat pumps and Combined Heat and Power (CHP) 

units. Additionally, it is possible to implement a layer of control and management over the framework in 

order to perform control of integrated energy networks of the region. Moreover, business models can be 

developed in order to deploy the most suitable scenario for supplying heat to the region.  

The developed TEE evaluation framework consists of integrated gas, electricity and district heating 

networks. The available data of Findhorn during a representative winter week, as a case study, was used 

to populate the framework. Results show that the most operational cost-effective option is to include 

great share of renewable heating. In this study geothermal heating was considered as the zero carbon 

renewable heating. However, since great capital cost is associated with deployment of geothermal 

heating, the next option was deployment of high performance heat pumps.  
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Integrated Transport Electricity Gas Research Laboratory: 

InTEGReL 

Andrew Jenkins 

Newcastle University 

Abstract 

 

InTEGReL is a fully integrated whole energy systems development and demonstration facility, providing 

space for industry, academia, SMEs and government to come together to explore and test new energy 

technologies, strategies and processes which bring transport, electricity and gas into one place. 

The presentation will discuss the how InTEGReL is breaking down traditional barriers between gas, 

electricity, water and transport sectors to help to deliver a more secure, affordable and low carbon 

energy system.  Existing facilities at the site are highlighted. 

Information on the plans and aims of the research facility “Energy Systems Hub for Innovation and 

Engagement” will also be presented. 
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An urban-scale, physics-integrated stock modelling approach,  

calibrated using smart meter data  

Peter McCallum, David P. Jenkins, Andrew D. Peacock 

Heriot-Watt University, School of Energy Geoscience, Infrastructure and Society 

 

Abstract 

 

All modelling exercises which aim to help us understand, plan and enhance our control of regional or 

national scale energy systems rely on information regarding how energy demand can be characterised at 

different spatial and temporal scales. Spatially, there are pertinent energy system modelling questions on 

a household-scale basis (e.g. time-of-use dynamics and opportunities for demand response and 

distributed storage), on a neighbourhood scale (where district heating, renewable or storage systems 

might have application, along with the role of private-wire micro-grids or virtual private-wire networks), 

and at larger scales, a wide range of traditional operational and planning issues are also present (network 

constraint issues, long-term strategic policy making around major generating plant). In contrast to 

traditional approaches to energy system modelling, modern energy systems with significant renewable 

sources demand must be characterised in a temporally refined manner; depending on the specific 

objectives, this resolution can be in the range of 1 to 5 minutes, up to 1 hour. 

To support energy system modelling, this detailed demand information can be provided through a 

combination of physics-integrated thermal demand models and electricity demand models. Regarding the 

former, generating socio-technically rich outputs from a dynamic thermal demand model requires a 

sensitive approach to calibration. There are a number of different types of model input data for thermal 

demand models, including a wide range of stock characteristics, physical description of building materials, 

archetype classifications and characterisation of building user behaviour. The model inputs that have the 

most significant influence on the ‘daily shape’ of the output response relate to building user behaviour, 

i.e. schedules that describe occupancy, energy use and heating system controls. This work relates 

specifically to the calibration of heating system control inputs for dynamic thermal modelling.  

This work presents the construction and calibration of a physics-integrated partial stock-model of the 

North of Tyne Combined Authority. Underpinning this calibration approach is a clustering procedure that 

identifies routine household behaviour in smart-meter data, which includes links to corresponding 

demographic data. A series of 2D distributions are generated, from which synthesised heating control 

profiles are reproduced, which correspond the demographic specific results identified during calibration. 

As part of the next stage for this work, it is expected that close integration will be necessary with social-

science based approaches in demographics mapping and energy practice behaviour. 



14 

The HMM-GP model for statistical simulation of electricity demand 

profile 

S.Patidar, D.P.Jenkins, A.Peacock, P.McCallum 

Heriot-Watt University, School of Energy Geoscience, Infrastructure and Society 

Abstract 

To ensure an optimally operating, smart and sustainable energy system, detailed understanding of 

different components of energy systems such as generation, supply and consumption is essential. The 

energy performance of buildings can be investigated through physical models as well as data-driven 

approaches [1] [2]. Physical models can provide a very approximate estimation of building energy use and 

in general are not suitable for estimating high-resolution demand characteristics of buildings, particularly 

dwellings. To this issue, several novel statistical/time-series modelling approaches exist in literature. 

These models are mainly calibrated using detailed information on either or both electricity and household 

diary data, which is not always easily accessible, i.e., there is a scarcity of data that meets the criteria of 

being i) high resolution, ii) recorded over long durations (e.g. to capture seasonal variability), and iii) 

representing a large sample of dwellings accounting for diversity of energy use. In this context, this paper 

is aimed to present a novel framework of statistical approaches, referred to as the Hidden Markov Model 

with Generalised Pareto (HMM-GP), that could relax these relatively strict criteria for data requirements 

through synthetic simulation of electricity demand profiles. 

The patterns of individual electricity demand profiles reflect various regular and irregular activities 

(attributed to “deterministic” and “stochastic” processes) occurring in the household. The time series 

decomposition techniques such as STL (a Seasonal-Trend decomposition procedure based on Loess) can 

be used to simplify patterns in the demand profiles by uncovering different layers of hidden processes 

and to improve overall modelling accuracy [3].  This paper will demonstrate the performance of an STL-

based time series decomposition approach integrated with a HMM-based electricity demand synthesising 

model. The paper will further demonstrate influence of integrating a GP distribution within the modelling 

framework (for data post-processing) to improve overall model accuracy in simulating extreme (peak) 

demand values. The model is applied to a diverse range of dwelling types located in the case study 

community of Findhorn [4] and the performance of the HMM-GP model in synthesising individual and 

aggregated demand profiles is thoroughly investigated. 

 

Bibliography 

 

[1] H. K. Alfares and M. Nazeeruddin, "Electric load forecasting: Literature survey and classification of methods," 

International Journal of Systems Science, vol. 33, no. 1, pp. 23-34, 2002. 

[2] L. Suganthi and A. A. Samuel, "Energy models for demand forecasting - A review," Renewable and Sustainable Energy 

Reviews, vol. 16, pp. 1223-1240, 2012. 

[3] R. B. Cleveland, W. S. Cleveland, J. E. McRae and I. J. Terpenning, "STL: A Seasonal-Trend Decomposition Procedure Based 

on Loess," Journal of Official Statistics, vol. 6, no. 1, pp. 3-33, 1990. 

[4] "FINDHORN FOUNDATION," [Online]. Available: www.findhorn.org. 
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UKRI Research & Innovation Infrastructure Roadmap for Energy 

Zoya Pourmirza, Hamid Hosseini, Damian Giaouris, Sara Walker, Phil Taylor 

Newcastle University, School of Engineering 

Neil Bateman 

Engineering and Physical Sciences Research Council 

Abstract 

UKRI has been commissioned by the Department for Business, Energy and Industrial Strategy (BEIS) to 

develop a Research and Innovation infrastructure (RII) Roadmap for the UK.  In turn, the EPSRC National 

Centre for Energy System Integration (CESI) has been commissioned by UKRI and EPSRC to assist in the 

creation of the UK RIIR for the energy sector that will be required in the UK by 2030.   

The presentation discusses the overview and methodology implemented in this project.  It demonstrates 

the wide spectrum of stakeholders and organisations consulted.  The findings are presented from Phase 

1, which focussed on developing an understanding of the existing research and innovation infrastructure 

landscape, key statistics relating to the 58 identified RIIs and main messages derived from the landscape 

study. Finding from Phase 2 are also discussed in terms of future research challenges and RIIs required to 

address those challenges, and resulting investment priorities. Further strategic messages of both phases 

of the project are highlighted. 

The presentation concludes by highlighting the high impact and benefit of undertaking the UK RIIR project 

in increasing our understanding of the UK’s current capability and planning for the future. 
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Experience curves of low carbon heating technologies in the UK 

Renaldi Renaldi1, Tooraj Jamasb2, and Anthony P. Roskilly1 
1Sir Joseph Swan Centre for Energy Research, Newcastle University, NE1 7RU, UK 

2Durham University Business School, Durham University, DH1 3LB, UK 

Abstract 

Low carbon heating technologies deployment has been acknowledged as one of the main actions toward 

decarbonising the heating sector. In the UK, several deployment oriented policies have been 

implemented, such as the Renewable Heat Incentive (RHI). However, there is a lack of data in quantifying 

the impact of deployment to cost reductions. This issue is addressed in the study by developing 

experience curves of low carbon heating technologies in the UK. Experience or learning curves, illustrate 

the development of production costs or product price with the increasing number of products or 

deployment. Originating in the manufacturing sector, experience curves have been widely used in techno-

economic studies of energy technology, such as power plants, wind turbines, photovoltaics, and carbon 

capture technologies. In this study, the focus is on the following domestic heating technologies: air-source 

heat pumps, ground-source heat pumps, solar thermal collectors, and biomass boilers. Condensing 

combination gas boilers are also included in the study to act as the baseline/incumbent technology. We 

found that air-source heat pumps have the highest experience rate among the low carbon technologies at 

a 12% rate, while gas boilers have reached the floor price at approximately £30/kW due to its maturity. 

The resulting experience rates can be used in energy economics models and to inform policy-makers in 

developing further deployment programs. The latter is particularly imminent with the end of RHI in 2021 

and the plan to exclude gas boilers from new build domestic properties from 2025. 
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Interdisciplinary research for energy systems integration:  

understanding and promoting good practice 

Mark Winskel 

University of Edinburgh, School of Social and Political Science 

Matthew Hannon 

University of Strathclyde Business School 

Antti Silvast 

Durham University 

Abstract 

This presentation will report interim findings from a CESI Flex Fund project which is addressing the 

interdisciplinary challenges and opportunities of energy systems integration (ESI) research. The project is 

analysing ESI research as a distinctive form of ‘whole systems’ interdisciplinary energy research (Winskel, 

2018). Although systems integration research shares some of the characteristic challenges of whole 

systems research, in terms of the synthesis of different disciplinary approaches and working across 

academic-stakeholder communities, it also has some distinctive aspects, in terms of its emphasis on the 

detailed operation and planning of energy system infrastructures as they evolve over time. 

The presentation will discuss the distinctiveness of ESI research within wider whole systems energy 

research activities, by drawing on a range of evidence generated by the flex fund project to date. These 

include a desk-based review of ESI and whole energy systems research, a facilitated group discussion 

among CESI researchers, a workshop which brought together CESI researchers with other whole system 

research energy researchers and other analysts, and a number of interviews with senior interdisciplinary 

energy researchers, advisors and stakeholders. 

The interim findings will be presented in terms of a number of themes, including overall research 

consortia designs and interdisciplinary research team working, the development of integrative methods 

such as scenarios and modelling, and working with non-academic stakeholders. As the project is 

continuing, the presentation offers an opportunity to test-out some interim findings ahead of final 

conclusions and recommendations on good practice for interdisciplinary research for ESI, to be published 

in the Autumn. 

References 

M. Winskel (2018) ‘The pursuit of interdisciplinary whole systems energy research: Insights from the UK 

Energy Research Centre’, Energy Research and Social Science, 37, 74–84 

A. Silvast, M. Hannon and M. Winskel (n.d.) ‘Interdisciplinary Whole Systems and Systems Integration 

Research: A literature review’ working paper for CESI flex fund project, April 2019. 
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A Novel Planning Method for Multi-Scale Integrated Energy System 

under CO2 Force 

Jingjie Yang, Wei Sun, Gareth Harrison 

University of Edinburgh, School of Engineering 

Abstract 
 
The interdependencies of electricity, heat and gas systems have significantly increased in recent years, 

and their further coupling becomes increasingly important to realize the efficient and secure operation of 

the future low carbon energy systems. Integration of multi- energy systems at different scales represents 

an opportunity for overall system improvements using the flexibilities across the distributed local small 

scale to utility energy network level, bus also poses a new challenge of complexity. 

Therefore, a ‘whole system’ planning approach is essential to capture the synergies and reduce the risks 

associated with securing an integrated system. Current research on optimal planning for IES lies in 

different levels, from distributed local small scale to utility energy network level. Optimal design for sizing 

of hybrid renewable energy system with a battery energy storage systems is presented in [1], for a small-

scale residential micro-grid. A comprehensive planning model is introduced in [2] for a distribution energy 

system with different renewable energy based distributed generation, electric vehicle and energy storage 

systems. An expansion-planning model for large-scale combined gas and electricity network is developed 

in [3], with gas-fired generation units as linkages between the two systems. 

Some research also make efforts to realize overall planning for multiple IESs. Reference [4] presents an 

optimization framework that combines the optimal operation and planning of multiple building energy 

systems with consideration of electric network constraints. An optimal expansion planning model for 

distribution level gas and electricity energy system with multiple energy hubs are proposed in [5]. 

However, the multiple IESs are modelled in a single system in existing works in order to get the overall 

optimal planning scheme for the whole energy system. The centralised planning methods overlook the 

different ownerships of sub-energy systems, and can lead to impractical in reality as the subsystems are 

often independently managed. 

In this paper, a novel decentralized optimisation framework is proposed to allow a two-level planning 

integration, which includes the lower-level of multiple local communities and the upper-level of an 

integrated electricity and gas distribution network. The two levels are both optimised to minimise their 

own cost respectively while an overall carbon emission budget is set on the entire system under a CO2 

force. The distribution optimization is implemented via Alternating Direction Method of Multipliers 

(ADMM) in order to solve the problem. A case study is also provided to illustrate the application of the 

proposed framework. 
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